A STRUCTURAL AND PETROLOGICAL STUDY
OF THE
GRANITIC AND ASSOCIATED ROCKS
OF NIP-STRATHSPEY

by
DAVID H, HACKENZIE, B, Se,

Thesis Submitted to the University of ®Bdinburgh
for the Degree of poctor of Philosophy, 1956.




‘umm - - - - - - . -

. h m d s" . - -

REVI™ OF PREVIOUS WORK a . » .
THE ROCKS OF THE MOIVE SERIES . . »
(e) Pield Relations
1. Quartzo-feldspathie
gneisses
2. Pelitic and u:i‘“pgitie
S. onc-uum 'srnniiu'
y # zo-feldspathie
gneisnes
2., Pelitic and semipelitic
gld”
3. Cale-silieate 'srluutne
(e) piscussion of Origine a "
(d) wigmatisatiom ., , . 8 i
THE METAMORPHOS®ED BASIC xmw ROCKS
IN THE MOINE SERIES v . .
{a) pield m:tim
1. Lochindorb belt . o .
2. Valleys of the Spey

(b) petrole g &

-

(b)

. s s 8 0
L B I I B U

Mlﬂ and ulc-iﬂicato

2. Blotite- nl mito-
gneisses .

0 ¢ =

5]
(=)

SISRQ2B T 8§ BREB 3 R B

>



(e)
1. Previoue work 85
2. Cale-silicate bouiu mh
‘. m -ﬂl.. . - a‘
B. MNicaceous cale-
] 8ilicate rocks ., @9
¢. CGranulitie cale-
8ilicate vroeks ., 91
P. Amphibolitic and
diopaidie eale- -
8ilicate rocks , 94
3. Pelitie rocks -
A. mito-iu-sum« 99

G’?dnu & + 103
(d) mnuliw of « 109
(e) status of the m mnp PO

THE GRANITIC ROCKS OF CRAIG REVACK
(a) Pield Relations - llrgc mitio

(b) Pield Relations - liaor sruitio
bodies .« 122
‘C) retro - . . . 123
(d) piseussion of Mun 2. & a AW
{e) comperative Studies in the
Highlands , ., 136

(a
(b) rield Relations e RN
m $he St of the Gountry T
1, PFebric axes and fabrie
elements , ., 181
2. FPlenar fabric - - . 164
3. Linear fabriec « 207
4. Kinemstic m-rmtatun « 189

(e) The Strueture of the Inclusions
in the Granite
1, Orientation of the fabrie, 173
2. Kinematies of the granite. 178
(f) structures within the CGranite
® 2 Iteelf . - 5 %;g
g ummery of gvidence ChEy AR
’h; Discussion of Origin . o « 181



SOME GEFWERAL ASPRCTS OF THR GROLOGY
OF MID-STRATHSPRY ,
(a) Prost-tectonic Acid Vedne , ., 185

(e of Regional metsmorphism 192
(l; Aeid snd Basie Rocks - Contrasts

m W - . - - 1’6

SUMMARY OF CONCLUSIONS » . . « 199

ACKEONLEDGMBNTS . . . . .+ .

BIBLIOGRAPHY it o s RN S

: &



ABSTRACT

4 variety of grenitiec and high grade metamorphic
rocks underlies the whole of Wid-strathspey,

A petrographicel description of the rocks of the
Hoine Series is given and the petrelegy of minor tourmelin-
iferous and semi-cslesreons vocks discussed, The dia-
tribution of migmetisation in roeks of the Moine Series
and its relstionship to the strueture are demonstrated
petrogrephiecslly end structurally,

Deseription and petrological discussion have
been given of previously wnrecorded motamorphosed basie
igneous rocke in the Noine Series. mmphasis is laid on
the relationship between the time of intrusion and that
of the pesk of metamorphism in the surround ing rocks,

The petrography and the fisld relations of the
rockse of the Grentown Group, and of the granitie rocks
within the Group, sre deseribed in some detail, Petro-
logical snd struetursl comsiderations combine to suggest
that carbon dioxide released during the netamorphism of
the impure limestores has played & msjor role inm the re-
erystallisation, mobilisaetion and granitisation of the
upper members of the Group. A brief review of comparable
Seottish migmetite complexes amd their problems is given,

A detailed statistical etudy of the maeroscopic



and megaseopic fabric of the folisted rocks hss been
made end & kinemstic interpretation attempted. After e
brief petrographic deseription of the Gramtown Gramite
the structure of its numerous inelusions is compered with
the structure of the enelosing country roeks, The in-
clusions are found to have been displaced, haphaserdly
on a smell seale but regulerly om o large seale, during
the post-tectoniec emplecement of the granite, The possible
physieal and chemical conditions that attended the form-
ation of the gremite and its emplacement sre discussed,
4 stuly is made of the orientation of the post-tectonie
ecld veins in the south of the ares, The control exerted
by pre-existing struetures on the loecalisation of 811 post-
tectonie aeid rocks is comsidered, |

The grade of metamorphism, 8s determined from
the five main rock types, is found to be the sume over the
whole erea., The various aeid and basie plutonic roeks are
compared and conirested with partieulsr regard to their
respective times of formetion, modes of origin and emplace-
ment, and structural contrels cver emplescement,

It is inferred frow the evidence nmow availsble
thet metamorphie end metasomatic processes have played a
major pert in the produetion of most of the granitic amd
essocieted roeks of mid-strathepey.
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1 UC2ION

(e) Alm amd scops of Study
This investigation in Nid-Strathspey was commenced

with a three-fold aim in view, namely:

(1) to stuly the structure and petrology of the
Grantown Granite im order to obtain evidence bearing om the
problems of its mode of emplacement end origin;

{2) to study im detail the structural geoclogy of
the loine series to the morth emd west of Orentown; and

(3) to examine the migmetitiec roeks of the Spey-
Dulmain watershed with s view to elucidating the relatiomship
in time and space between metemorphism, migmetisation end
folding. '

Purther problems which presented themselves during
the course of the study were the petrology of cale-silicate
nodules in rocks of the Moine Series; the petrology of the
Grantown Group with particular reference to the granitic rocke
of Qraig Rovack; eand the description of previow ly undeseribed
metamorphosed basic igmeous rocks exposed near lochimdorb,

The erea under investigation covers some 48 squsre
miles and lies towards the heart of the Scottish Highlands,
25 miles to the ESR of Invermess and 55 miles to the WIW of
Aberdeen; the northern pert of the area is in llorasyshire
aend the southern pert in Inmvermess-shire (see Fig. 1).
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1t is situated emtirely in sStrathspey end Strathdearn -
the valley of the River Findhorn - immediately to the W of
the stretch of the River Spey between Boat of Garten and Spey-
bridge, except for & small well-exposed ares at (raig Heveck
on the SE bank of the river. The western boundary runs from
Kinveachy near Boet of Garten in the south to the southern
end of Lochindorb. A line from Lochindord to the head of the
Al1lt Breac has been selected as the northern boundary, while
2 line from the httcpohttonéoht Just esst of Craig
Revack is taken as the boundary on the east,

(b) prainage end Topography
The eres is divided into ftwo unequal perts by the

watershed separating the tributaries of the Spey, which drain
four-fifths of the ares, from those of the Findhorn which are
fed by the most mortherly pert of the erea. The watershed
follows & sinuous WR-SW course across the north of the area;
at its lowest point, where crossed by the Grantown-Forres
road and railway, it is some 1050 feet above sea-level. A%
its highest point - Cam Sgriodb - 1t rises to almest 1600 feet
(see rig. 2).

The gentle northern slope of the watershed is drained
partly by the Allt Loch an t-3ithein through the loch of that
name to Lochindorb and the Pindhorn, snd partly by the
Ansboard Burn which flows to the Findhorn from the blesk



expanses of Dava moor,

South of the watershed, the Spey flows to the NE
in 8 valley 600-850 feet above sea-level, The most important
left bank tributery of the Spey is the esstwards-flowing Dul-
nain which enters the former obliguely near Dulnainbridge.
Finor tributaries draining south amd SP include the Glembeg
Burn, the Allt en Fhithich end the Allt Breac rumning
directly to the Spey anmd the Auchmshannet Burm flowing into
the pulmain,

Hoat of the high ground occurs om or a little to
the south of the mein wetershed, where several hills sueh
es Jem Sgriob and Creag an Righ in the west, Beimm lhor in
the middle and Osrnm Bed ma Osorach in the NE rise sbove 1500
feet. In the middle of the erea is a large tract of un-
dulating moorland sbove 1250 feet with summits at Creeg
Liath, Gorton Hill, Qreag Bheithe and Carm Luig.

An isolated ridge rumning NR-57 and eulminating
in Ureag en Fhithich at 1325 feet forms the Spey-dulmsin
watershed. On the east bank of the Spey at Revaek the bare
hill of Qraig Revack trends Ny-S5 across the valley, from
which 1t rises some 400 feet.

Wide tracts of brokem drift-covered ground occur
at @ height of 700-1000 feet above sea-level. Such tracts
are found west of the Auchnahemmet Burn in Strathdulnain,



immediately north and NE of Grantown in Strethspey end at
beva moor in gtrathdeorn.

The meximum relief is ebout 1000 feet, but that
part of the area underlain by granite to the IW of Grantown
is dissected to & depth of omly 650 feet. The topography
can be accurately deseribed ss rolling moorland with a few
prominent summits - the northern foothills of the great
Cairngorm messif, which lies outwith the ares here being
considered .

llueh of the rough drift-covered land hes been
afforested, bul even more is open grouse moor. <Cultivation
is sparse but is locally carried ss high s 1250 feet.
Lines of communication are confined to the velleys, apart
from the morth-south Grantown-Forres rosd snd railway in
the NE of the area.

(e) of the Geo of Ar

As is %o be expected in a Uentral Highland ares
the predominant roek-types are schists and gneisses of
high metamorphic grade, cut here and there by post-orogemie
granitiec rocks, The metamorphie rocks include quartso-
feldspathic gneisses, blotite- and kysnite-gneisses and
schists, calc-silicate rocks and merbles, hornblende-schists
and amphibolites.



The quartzo-feldspathic gneisses and biotite-
gneisses, in places migmetised , are gemerally considered to
belong to the Noine Series, & group of metemorphosed sedimente,
possibly of continental origin, whiech originally comsisted
for the most pert of thicknesses of impure sandstones with
occasiomal argillaceous layers, Nodules amd thin layers of
merl intercalated in the sandstones are now represented by
cale-silicate grenulites interbended im the gneisses, The
Moine gneisses occupy the western helf amd the FE cormer of
the area. Near Lochindorb in the IW of the ares slightly
metamorphosed basic intrusioms -~ mow amphibolites - are
disposed along & narrow UEE-S3W belt in the Moine Series.

bominently pelitie roeks occupy a morth-south
belt from Broomhill northwards to Dava. within this ares
are the biotite- and kysnite-gneisses end the merbles end
cale-silicate rocks which were grouped together by the
Geologiesl Survey and nmamed the Grantown Series., The eal-
careous members trend EWE-W3W across the Spey from Dulmain-
bridge to Speybridge. The sediments which gave rise to
these rocks were more or lees impure limestones, with esl-
careous and sluminous shales,

During an orogenic phase - presumably (aledonisn -
the above-mentioned rocks were folded together sbout axes
which now plunmge approximately 30° to the SE. Smsll folds



and lineations sre well developed in the rocks emi ere all
perallel to this direction, In the south the movemente were
accompanied by migmetisetion., The prevalent dip of the
foliation is up to 40° towarde esast or SE, a feature which
results in many hills having a sleep 'secarp' slope to the
west or WW.

¥ithin the pelitic rocks o the WV of Grantown
there was emplaced after the sbove movements & medium-
grained, pink, biotite-granite Imown as the Grantown Granite.
This mase underlies roughly 6 square miles (see Pig. 2) emd
encloses many blocks, large and smell, of the country rocks,
Barrow veins of granite and pegmatite pemetrate the gneisses
over the whole of the area unier investigation. Following
the emplacement of the granite there was slight faulting
along ites NE mergin,

In common with the rest of Scotlemd, Strathspey
end Strathdearn suffered severe glaciation during the
Pleistocene epoch. From evidence displayed outwith the
area Bremmer (1934b) inferred that there were three phases
of glaciation separated by two interglacial pericds., The
ice-moulded ridges aligned north and south sre comspicuous
features of the countryside as can be clearly seem on serial
photographs, The movement of the ice concerned was from the
south, thick boulder elsy wes deposited as ground moraime



in the velleys while the hill-tops were scoured bare.

The lest ice-sheet left its mein impress in its
retreat phemomena, wide spresds of termimal smd lstersl
moraines with later fluvioglaeial sends and gravels being
deposited over the valley floore amd om slopes up %o a
height of about 1300 feet; such sands end gravels lie
satride the Spey-Findhorn watershed half-a-mile west of
Oraig Liath at a height of 1150 feet.

Differing levels of the iece between ome strath
and the mext and between one embeyment and another in the
same valley ceused the pomding-back of melt waters which
cut overflow chemmels acrose wetersheds and spurs of con-
veniont height, sSuch chamnels sre to be seen at Beum a'
Chladheimh, Cresg Liath, GenfSgriob, Oarn mem Gebher, Allt
an Fhithieh end et the headwaters of the Rychraggan Burnm,
Flow in these chamnels was generally to the morth, esst or NE.

River-terraces of post-glacial date are developed
et two levels along the banks of the River Dulmain and st
four levels elomg the Spey.

Peat has formed extensively in the area where the
gradient has been suffieciently low, particularly at Drynach
and shillochen in Strathdulnain and on the southern part of
bava moor.

48 & result of these extensive suporficisl deposite



formed during end after the Third Glacistion exposures in
thcuammalum(mﬂg.a). Some 80¢ of the
area is covered by comtinuous spreads of drift; the remeining
20¢ 1s very imperfectly exposed. The best exposures are to
be found on the watershed hill-tops. Fxpesures msde by
quarrying end along road and reilway cuttings are relatively
few in number,



REVIEW OF PREVIOUS WORK

Por well over & century geologlesl investizations
of a wide variety of topies have been carried out in Mid-
Strathepey. The suthors have been numerous, the ealibre
of their contributions varisble, During the nineteenth
Mmmummofnmumm-nm.
but sdvances in the development and application of geo-
logiesl techniques have emcouraged more detailed studies
%o be made in the last few decades.

Among the earliest peological records of Md-
Strathspey were three maps (Necker, 1808; Boue, 1820;
Bhind, 1842) on which the different rock types of the area
were not distinguished. all being shown &8 undifferentiated
schist or gneiss,

The first writtem record, by Martin, appesred in
1837, He steted that the upper, or southern, part of Neray-
shire was formed of "grey gneiss sssociated with porphyry
end mica slate-,

In his wsketeh of the Geology of Meray" Duff (1842)
made brief memtion of the metamerphiec rocks and granites which
oceupy the southern part of the coumty. He described the
eheractoristic "wavings and contortiens” of the gneisses and
mentioned that "metamerphiec or primitive limestone” was to be
found at speybridge, & mile SE of Grantown. It is interesting




to note his postulated mechanism for the emplsocement of
gronite. He envisaged & mmsh of erystels, derived from
primery granite, being lubricated by & little water and
forced into the cover-rocks umder grest pressure but et
low tempersture, rrimery grenite wse, in his opinion, the
lowest reoek inm the stratigraphicel colum,

Bicol (1844) in & "Guide to the Geology of Seotland*
noted the generally low angle of dip of the Strathspey
gneisses, Grey gneisses and mica-schists, veined by gramite,
continue "through the whole upper part of Horayshire but with
nothing of great interest®. On the geological map which
eccompenied his "Guide" Nicol indiceted the rocks [migmatites)
of the ridge between puthil and Boat of Garten as granite.

Burchison (1860), in the light of his imowledge of
the rocks of the North-west Highlands, considered thet most
of the gneiss of Moray end Banff belonged to the "Younger
Gneiss” (now remamed the Moine Series) although he sdmitted
to the possibility that "some of the fundemental gneiss
[Lewisisn] and older gremite mey ., . . be there pertislly
exhibitedn,

Following the publicetion of Murbkhison's work no
further geclogical researches on the area appesred in print
until 1901 when three aspects were discussed by different
authors, @eikie (1901) briefly described the features of



the drift deposits to be seen along the line of the Aviemore-
Forres railway; Heddle (1901) gave a lomg 1list of mimersls
%o be found in the merbles and eale-silicate rocks at Spey-
bridge and Dulnainbridge, as well as the secessory minerals
of the Boat of Garten gremite; and Hinxman (1901) in-
vestigated the variations im gradient of the River Spey.

in order to explain the presence of 40 miles of relatively
low gradient - 5 feet/mile - sbove Grantown in the middle
reaches of & river whose aversge gradient is 12 feet/mile.
he postulated post-glacisl uplift in the Grantown district,
causing a ponding-back of the river water im the middle
reaches,

The mep in Stanford's Geologiesl Atlas (1907),
which was presumebly compiled from all the available in-
formation and thus represente the actual state of geologieal
knmowledge of the area at the time of its publication, showed
gneiss underlying the whole area except for a mingle tract
of granite on either side of the reilway two miles north of
Grentown, This tract, one presumes, represents the Grantown
Granite, whose morthern part is well exposed in the railway
euttinge north of the towm.

The first sccurate and comprehensive account of
the geology of the whole ares appeared in 1915 as the iidd-
Strathspey and Strathdearn Memoir of the Geological Survey



of Seotland; this work wes writtem by L. W, Hinxmen and

®. M. Anderson and was accompanied by brief petrograsphical
notes by J. 8, Flett., The Gremtown Series of 'paragneisses’,
which dip gemerally SE, were deseribed snd were distinguished
from the surrounding rocks which were comsidered to belong
to the Moine Series. The metamorphosed equivalemts of
limestones, shalea, calcareous chales end sendstones were
found, sStructurally the rocks of the Grantowm Series were’
considered to be either an outlier or inlier of the 'Benff-
shire or ¢entral Highlend Seriea’ [Dalrsdien Series], whose
main outerops occur some ten miles east amd 3% of Grantown,
There wes believed to be a slide slong the base, i.e, along
the western margin of the Grentown Series. An attempt was
vede to place the rocks of the distriet in a eteatigraphical
suecession, The qusrtsite end fine-grained pelitie
'gronulite’ ¢f the Grantown Series were considered to be
intermedinte in age between the caleareous rocks of that
geries end the Moine Series; but the age of the Grantown
geries relative to the Moine Series was left an open question,
The petrographic similarity of two members of the etrati-
graphicel colurm of the Moine Series suggested to the authors
of the Memoir the possibility that there were two phases of
folding, the earlier resulting in recumbent folds, which

were gently arched by the later phase,



fhe 'paregneisses’ of the Hoime Series were elso
deseribed. They are mainly 'granulitee' which arevgrenmitie
uchmm"ﬂuwhﬂmumhmmtdﬁo
Grantown Granite. 4 lineatiom, or 'direction of stretching’,
was found %o be perallel over wide ereess end was considered
to be related to the mullion-structure found in the North-
vest Highlands, The productiorn of this lineation wee re-
gerded 88 contemporsneous with or lster them the 'iscelinal’
folding of the gneisses. The 'isoclinal' félds were con-
gidered to have sub-horizontel sxen trending HE; hence the
fingering of the outerops on the Swrvey maps,

A brief deseripiion of the Grantown Granite - a
Fower Gramite - wes given, perticular sttention being direeted
to the nature and widespresd cccurrence of inclusions and
compound pegmatites, As no steep contects were seen in the
area it wae suggested thet a grenite mess underlies the
whole distriet at no greet depth below the present surface.

In the petrographic chepter Flett described the
mrineipal types of granite and schist, He recorded a
grephite-sehist from Lagean Hill end the sbuniance of
members of the tremolite-actinclite series in the eele-
silicate rocks of the Granfown Series. The kyanite and
sillimanite found in roecks of the Grantown Series were
considered to be products of the high temperature which



prevailed during the regiomal metamerphism rether then
products of thermal metamorphism at granite comtaects,

fhe l-inch mep (Sheet 74) which sccompenied this
liemoir gives an accurate and deteiled representation of
both solid emd drift geclogy. It is unfortumate, however,
that drift covers so much of the district, making practieslly
2ll the boumdaries conjectursl,

The Nid-Strathspey Memoir was soon followed by the
Nemoir on the Lower Findhorn and Lower Strathnairm (1923) by
Horne, in which wes described the geology of Sheet 84 - ad-
Joining the north side of Sheet 74 - in whose S cormer part
of the thesis ares is included. A8 in the earlier Nemoir
generel descriptions were given of the various roeks of the
NMoine Series which oceuwpy large aress of the Sheet., The
'paragneisses’ were described and the genersl evidence for
the sedimentary origin of these Noine roeks was discussed,
partieular attention being paid to the mroduction of the
soisite-granulites from ealcareoons sandatones, The evidence
conzisted of, firstly, o’m composition such as is omly
found in sediments; secondly, the preservation of sed imentary
structures snd pebbles in the gneisses; and lastly, the
layers of heavy accessory minersle which frequemtly 1ie
obligue to the foliation.

The pelitie rocks esst of Lochindordb, stretching



north $o the Enock of Braemoray, were equated with the
pelitie gneisses in the Crantown Series to the south;

end therefore with the Dslradisn rocks, As before, o
tentative stratigraphieal columm was given, but 1%t was,

and is st4ll, not certain whether the columm is right way
up or not. Two struetwral hypotheses are founded onm this
column, the first sssuming one episode of relatively simple
folding, the second requiring two phases of folding, the
first phese of which resulted in recumbent folds,

4 short petrographic description of the Grantown
Granite was given. No foliation wes observed in the gramite,
which is eut by later veins of a strongly coloured pink
granite, !homdhmmmhmﬁdnmm
inelusions of country rock uwp to half & mile from the mergin.
The larger inclusions preserve the strike of the coumtry
rocks, but the smeller fregments are hephasardly oriented.
Fo light was thrown on the mature snd origin of the mass.

A full deseription of the sill-like hesic intrusion
at Carn nan Gebhar wee givem, The rock was originslly en
ophitie gabbro, The effects of the metamorphism die away
inwerds; original pyroxene is yreserved in the imterior of
the mass, vhile st the edges the rock 1s an smphibolite.
Flett considered that the mass wes intruded either at an

early stage in the metamorphien and by some umspecified mesns



escaped the high degree of metamorphism of the surrounding
rocks, or was intruded in the late stages of the metamorphie
rrocess and therefore only suffered a slight degree of change.

On Sheet 84, the l-inch map sccompenying this Memoir,
the s0lid and drift geolopgy ere sccurstely depicted.

In his work on the hesvy sccessory minersls from
elmost 21l of the Newer Granites of the Orampien Highlends,
carried out in commection with his provenance studies on
Scottish sandstones, Meckie (1928) ignored the Grantown
Gramite. WO resson for this omission is kmown.

In 1934 there appoarsd two elassie papers on the
glacistion of the distriet (Bremmer, 1934a and b), The
first deslt with the megnificent retreat phemomers displayed
along the edges of the basin of the Abernmethy Porest, which
bounds the srea on the SE; in the second wes considered the
evidence for three glaciations and the direction of ice move-
ment in each. Overflow chammels slong the Spey-Pindhorn
watershed within the thesis aren were also deseribed in this
second paper, Iee-flow in the second glaciation, which was
the most effective in causing erosion, was towards the north
end gave rise %o the many north-south trending features of
the ares,

Incorporated in a generel asccount of the Noine
Series (Green, 1935) sre two tentative suggestions as to the



-

stratigrephical peosition of the Grantown Series. The
latfer was considered te be either the equivalent of the
Pindlater Flegs (Delrsdien) of the Banffshire coast or sn
inlier of Lewisien gneiss lacking typiecel 'orthogneiss’,
The second suggestion reminds ome of the possibility voiced
by Nurchisonm (1860) thet Lewisien gneiss might be fourd in
the distriet.

In the British Regional Geology handbook on the
Grampien Highlends (Read, 1948) the neme "COentral Highland
Grenulites” was given preference far those rocks SE of the
Great Glen, whose correlation with the Moine Series of Ross
end Sutherland is eccepted by most geologists, Drief mention
was made of the lithelogy of the Central Highlamd CGranulites
which, with associsted pelitic gnelsses, underlie most of
gtrathspey., The deceptive genersl dip of the Central High-
land Granulites was attributed to 'iscelinal’ folding,

1t ie of imterest to mote here that Anderson (1947)
has correlated the rocks ¢f the Grantown Series with calesreous
rocks in the loine Series at Xinlochlaggan 35 miles to the SW.

In the Mineral Resources Memoir of the Geologiecal
Survey on "The Limestones of Scotlend" Robertson (1949) re-
ported that the metamorphic limestones of the Grantowm Series
“are mot of sufficiently good guality to be of present
economic valuev,



In 1951 Helnmtyre published & peneral stuly of the
tectonies of a wide area between Grantowm and Tonminfoul.
Using the methods of the Alpine tectenicions Lugeon, Argand
and wegmenn, he determined the lineation of the eres ss e
b-lineation emd om this basis conmiructed a strueturel profile
perpend iculer to the average limeation direction, Unfortumn-
etely he gave statistical structursl data on the Grantown
Series slome, The vrofile showed the roecks of the Grantowm
Series te be large tectomic imelusions isolated in the Noinme
Series smd plumging at shout 30° to the sE. The profile is
some Sseven miles deep and extends up to the relatively high
level of the Dalradian rocks at Tomintoul, which appear to
have suffered the same deformstion as the ullcﬂm Moine
Series, 4ll contacte are tectonic; the upper layers appear
uhvomm%umﬁhcumlw.

HeIntywe (1951), im o thesis on "Alpine Tectonies
end the Study of Ancient lMountain Chains™, gave & diagram
ghowing the relationship between the Bewer CGranites emd the
regional structure of Hid-Strathspey. The granites do not
erpear to have disturbed the structursl trends developed in
the non-granitic areas; the relatively wide sheaf of
lineations from ineluled blocks in the Grantown Granite,
however, indicate s degree of mobility within the granite
not found in the swrroumding schists,



In a petrefabric stuldy of the orientation of
ealeite in natwrally deformed morbles Kelntyre ard Twrner
(1953) snalysed the fsbriec of e merble from Goldhome gusrry,
near Dulnainbridge, and deduced directions of tension and
compression, Fabrie and field evidence sgree; the resultent
of the last strecses seling on these rocks wes found to be
sub-horizontal and transversely across sn axis plunging 30°
to the SB.

The late-glaeisl history of the ares has recently
been summsrised by Charlesworth (1955) in & regiomsl study.



fHE ROCKS OF THE MOTNE SERIES

gchiste and gneisses, which are gemerally
acknowledged to belomg to the Moime Series, underilie by far
the grester part of Mid-strathspey. The rocks have a
regional dip to the east end SE. In hand specimen amd in
thin section three main roek types can convediently be
recognised, memely, (8) gquartzo-feldspethic and (b) pelitie
or semi-pelitic rocks, (a) emd (D) being about equally
shundent with (e) subordinate cale-silicate bearing rocks,
representing siliceous, aluminous amd slightly calcareous
sediments respectively. Imtercalated horizons of amphi-
bolite are considered to be derived from basic igneous rocks
and are deseribed snd discussed lster (p.56 et of.).

quartso-feldspathic gneisses sre almost emtirely
confined to the westerm part of the area. in & belt from
Lochindord in the morth to the Spey-Dulnain watershed in
the south. Phin intercalated pelitic and semipelitie layers
are quite common in the quartze-feldspathiec mhm. par-
ticularly in the southerm part of the belt, which is alse
characterised by intense migmetisation, Elsevhere in the
ares migmetisetion is much less severe and tends to be
confined to the pelitie rocks,

In the east and NE of the area pelitic end semi-
pelitie rocks predominate. =2hey contain frequent, thiek



quartzo-feldspathie snd thin ecale-silicate bearing inter-
calations, within m- area of pelitic and u-i;outio roeks
there occurs the Grantown Granite,

(a) pPield Relations

1. Quartso-feldspathic gneisses

The quartzo-feldspathie rocks present the same out-
ward characters over & very wide srea. Distimet horizoms of
quartzite ean in places be mapped in the momofonous tracts of
gneiss, (ontinuous gradation in minersl composition and a
certain amount of intercslation im the field zake it difficult
to draw & satiefactory dividing line totnc; the quartso-
feldspathic end semipelitiec rocks, a diffieult which is
illustrated by the fact that the "Siliceous Sehist end
Grenulite" on Sheet 74 (1915) is continued northward on
Sheet 84 (1923) as "Undifferentiated Schists and Gneisses™,

Isolated exposures of gquartzite occur in the
Auchernack Burn near Oraig Revack, The banding of the roek
dips sE but the relationships with the surrounding reecks are
obscured by drift, and the quartzite has been included in the
M¥oine Series,

On Beimn Mhor, 2§ miles due west of Grantown, the
officers of the Geologiecal Survey w_tm lenzes of
quartzite surrounded by pelitic rocks, three lemses trending



Sk end ome smell lens tremdinmg NE. The pelitiec rocks are
shown bounded by gramite on the merth side amd by quartso-
feldspathic rocks on the other sides. Re-mapping has shown
that there are three sreas of quartzite - one of which is
the small lens mapped by the Survey - trending NN end ome,
in vhich the foliation is sfteep or vertieal, tremding SE.
f#his last ares corresponds to the middle lens of south-
casterly trending quartzite mapped by the Survey. Noreover,
on the groumd there seems to be little evidence for the small
body of Moine siliceous 'gramulite’ interposed on the Survey
l-ineh Sheet between the largest quartzite emd the granite.
A re-mapping of the junetiorn between gquartzo-feldspathic smd
pelitiec rocks at gehmnoir is deseribed on p.82 ,

2. Pelitic and semipelitic gneisses

f£he roeck types included under this hesd comprise
migmatitic mica-gneisses - with minor augen gneisses - ,
garnetiferous micg-gneisses, mica-schists and gramulitic
greisses, The two first named types are distinetive emough
to form loecally meppable horizoms,

On the Geological Survey l-ineh Sheet 84 & nmarrow
tongue of rocks ie shown to extend south from Loch an -
8ithein for & distance of ome mile. The writer has found,
however, by reference to the Geclogicel Survey 6-inch sheets
(unpublished) that his mapping is in sgreement with that of



the survey, in that both show this tongue to comeist almost
entirely of amphibelite and horublende-gneiss (see p.36
end pig. 5, end pocket). North of Loch an t-Sithein, on Carn
Ruigh Chorrach, the swrvey mep indicates an alternatiom of
bands of pelitiec and siliceous rock trending NNE., Exposures
are here extremely poor and do net justify the detailed linmes
laid down on the 1l-ineh sheet; the deftailed disposition of
the rock types unfortunately remains obscure.

within the boundery of the Grantown Granite the
survey recognised twelve discrete imelusions of country rock,
eleven of them pelitie. Their total swrface area comprises
2 very smell fraction of the surface srea of the granite.
The present mapping shows that the gramite is practieslly
nowhere without inelusions, most of which are pelitie in
composition, slthough blocks of all the coumtry rock types -
including migmatites - have been observed. The surface area
of the inclusions constitutes a large proportion of the area
of the Grantown Granite Jomplex at the present level of
erosion, The dip of the folistion and the plunge of the
linear structures in the inelusions are generslly consist-
ently to the Nw, in econtradistinetion %o the regiomal
structures outwith the gramite (see p.l6let s3.). large
inclusions of coarse pelitic gneiss, in places bearing
garnet and occasional tourmaline, ¢an be mapped in an east-



west belt on (reaganm ha h-Othaisge amd in & north-south
belt from Gortom Hill to Creag Bheithe Mhor and themnce to
Creag Bheithe Bheag. Jontact metamorphiec effects of the
grenite on the sulmmmm-nyn-mnm
specimen (PlsteVIII).

outside the eastern comtact of the Grantown Granite
seettered exposures of distinmetly pelitie rocks have been
mapped from suchnafearn Wood morthwards to Camerory, Carm
tuig end Carm ma Oroiche, whereas on Sheet 84 these rocks
ere not differentiated from other Moine rocks, Within these
pelitic rocks a distinetive sone of migmatitic mica-gneiss
has been found on the east side of Cerm Luig and can be
traced northwards to Oarm ne Croiche, & distance of one
mile (Plate 1).

In the north-eastern part of the area the pelitie
end semipelitic rocks have many quartzo-feldspathie inter-
caletions which are not, however, sufficiently large to be
mapped on the 6-imch seale. On Carn Bad na Csorsch steeply
inelined pelitic and semipelitie rocks ecan be mapped in a
broad band tremding SSE parallel o the strike, Om the low
hill ¥ of Cern Bad na Jsorseh the duartze-feldspathie bands
preponderste over the pelitic roecks in whieh they are inter-
calated and dip SE at moderate amgles., Thin quartzose bands
on the two ebove hills contain structures which are considere
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rig. 3 gurrent bedding in quartzo-feldspathic
layers in the Moine Series.
1. 100 yards SE of top of Carn Rad
na Caorach,
o, 1200 yards WW of top of Carn Bad
na Caorach,



to represent current bedding (Fig, 3), believed to de the
first examples rscorded from the Noine Series of this pert
of the Highlemds, sSparsely exposed pelitic and semipelitiec
rocks south of the River Dulnain have been essigned to the
Noine Series proper rather them o the Grantown Group on
grounds of lithologieal similarity (p.83 ),

3. Oale-silieste "gramulites'

These rocks are widespread, having been cbserved
in the more quartzose layers vhich are intercalated through-
out the pelitiec and semipelitic roecks, but they alse oceur,
though less commonly, in the quartso-feldepathie rocks in
the west of the eres. They are not mentioned in the Geological
Survey Memoir for Sheet 74, Dut two instences from leealities
in the north of the ares are reported in the Sheet 84 Memoir
(pp. 39,57). %The rock occurs g8 thin impersistent bands and
lenses up to five inches in thiekmess interbedded with either
pelitie or siliceous rocks, or as nodules and lenses never
gregter than 9 by 12 inches in section, found in quartzo-
feldepathic layers (Plate I1), The longer axes of the
noduler bodies are parallel %o the banding of the surrounding
rock., The foliation of the enclosing rock does mot bend
round the nodule; where the nodule is sufficiently rich in
mica, the foliation continues unchanged in attitude through
the nodule. .



go seattered are these bande thaet they 40 not merk
e distinetive horizon or zone. They have been found in the
incluied dloeks withim the Grantown Granite and they have
been observed in rocks of the Moine Series over s wide region
outside the sree,

fhe bends and nodules wenther distinetively. The
bands have prominemt outstending mergins emd a less resistant,
weathered-away interior, perticnlerly when the latter is
caleitie (rlate 111); the nodules have a deeply weathered
bounding zome, while the interior, which sometimen shows
seversl coneemtric zomes, stands out.

(V) ZRetregrepdy

the schists and gneisses of the Moine Series
receive only brief mention inm the petregraphie chapters of
the Memoirs on sheets 74 and 84, The deseriptions given
below apply egually %o the rocks outeide the Grantown Granite
anmi %o those ineluvded withim 1%,

1. Quartzo-feldspathic gneisses
In hand specimen these fine to medium grained rocks
are pale pink, pale grey or white in ecolour and are ususlly
banded., There are occasional micaceous partings parallel teo
the banding, and in some bands porphyroblastic lenses of
feldsper are common, Quarts, feldspar, biotite and muscovite



TABLE 1

Nodal snslyses of guartzo-feldspathic rocks of the

yoine gJeries.

Thin section no, 239 453 0,14 165 23 427 461
Quarts 77 75 48 47 43 57 g5
rlagioclese 18 3 35 40 20 8 86
Mieroeline - 16 8 1 30 = 3
Biotite -] B 9 1z & 3 14
puscovite - 8 - - - - 1
Accessory 3 - 1 - 1 ~ -
TOINtE counted 1600 In esch case

239, Quartzite, 1000 yarde Su of Auchernaek
rearm,

453, Quartzite, 500 yarde 5% of the %op of
gam Sgriob,

0.14, quartso-feldspathic gneiss, Oehmoir *

165. Quartso-feldspathie gneiss, 400 8
33% of the top of Creaz en Fhithieh.

23. quartzo-feldsyothie gneiss, 300 yards
SW of Toriasperion,

427, Quartzo-feldspethie gneiss, 500 yards
e o e,

461, Quartso-feldspathic gneiss, 400 ysrde
BE of the top of Creag an Righ,

* Specimen presented dy Dr D.B, Nelntyre,



ean 21l be identified in hend specimen, while mescroscopie
red gernet h rarely seen, Linear structures sre uncommen
in these rocks but the guertzite on Beinm Mhor has a faint
lincation formed by the parallelism of smsll marrow ribboms
of quartz seen on westhered folistion surfaces, This
lineation i® parallel to the regiomsl fold axis end is not
%o be confused with the brosd parsllel ribboms ¢f querts in
true gramulites.

A series of modal enslyses™ sre given in Table 1

* 411l wodsl analyse? were made on a Swift Point Qounter and
are therefore volumetrie estimmtes, 1100 to 2100 peints

wore counted, depending on the coarseness of the rock, The
traverses were made 1 mm. apart, individuel points in the
traverse being 0.16 mm apart., The proportions wore ecal-
culated to the nearest one per cent. All the thin sections
anelysed were cut perpemdieulsr to the foliatiom of the rock.
That the method of modal anslysis is spplicsble to mete-
morphie rocks has been demonstrated by Shaw and Harrison (1955)

to show the range in minersl composition of the rooks, par-
ticularly the wide variation in the relative sbundances of
plagioclase and microcline, end the sympathetie variationsg
betweon plagioclase and biotite., The amalysis of 461
indicates the spproximste upper limit of mica with the
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eoncomitant high proportion of plagicclase. 4 typiesl
example io shewn in Plate XII ,

quarts is always found a2 xenoblastic erystels,
equigranular $o poikileblastic inm habit, and uwp to0 5 mm
in length, ¢ranulsr or suturesd margine sre vhiguitous
end undulose extimetion is very common, Differemces in
extinetion position of up to 50° have beem cbeerved in a
single strsimed eryetel. 2The smeller gramules, however,
ere not strained, Large, very irregulerly shaped crystals
have spparently formed by coslescence of soversl smsller
eryetals dwring recrystellisation (Plate XII). In the
quarézites of Beimm Nhor the quartz erystals sre eharaeter-
intienlly elongate, with the longer axis of their ruptural
atrain shadows (Hietanem, 1938) parallel to the foliationm,
In the less gquartsitic roeks the tendency for crystals to
be elongate parallel $o the foliation is less marked, In
one or two thin seetions there sre crystals of gquarts which
are slightly biaxial and have the sppearasnce of ineipient
erose-hatehing between crossed nicols, <uartz with undulose
extinetion always accompanies the biaxial quartz and the
development of biaxial charseteristies in this minersl is
therefore considered 1ikely %o be the result of strain,

Xenoblastie erystals of plagioclese up to 3 mm
scrose are found in most especimens, The erystals form



porphyrodblasts with concave mergins towsrds erystals of
other minersis, Twinning om the slbite law is common;
twinning on twe laws is sparse; the twin lamellae sre
relatively marrow., In the euartzites - highly deformed
rocks - the plagicelase twin lamellse are bent snd dis-
pleced, Zoning is uncommon end takes the form of & narrow
sodie rim %o the erystsls, The composition of plagioclase
from 56 speeimens feoll hthomhuhn".h
mejority being meer inm.,*. Some specimens show petehy

* Throughout this thesis the composition of plagioelase
has baen estimated by the method of meximum symmetrieal
extinetion angles in albite twins,

albitisation of plagioclase while others comtain ragged
patches of mierceline emeclosed within plagioclase (Flate XIII)
Hlebby quartz was observed in the plagioclase erystals of a
few specimena, alteration of the plagioclase is typieally
to secondary mica, slthough small secondary elinozoisite
erystels were occesionally observed within plagioclese.
mieroeline is rare in the plagicclase-riich types,
but gemerally becomes common wher plegioclese is low (239
being an exception)., It ceccure as fresh xencblasts or por-
phyroblests up to 6 mm in length, the parphyroblasts econ-
taining rounded inelusions of querts. Boundaries between



pierocline erystals temd to be sulured oy grenular, Niero-
cline-mieroperthite is componly found amd tekes the form
either of & eysten of very thin albite veins, often en
schelon, in the untwinned interior of = miorocline erystal
{es in Plate XIV}, or ¢f mueh larger ragged stringers snd
veins of oligoelase-andesine throvchout the microcline;

the latter type of intergrewth is rare, 4reclly, and there-
fore volumetrically, there is 3 complete gredation from
plagioclene with o fow f included wmieroeline t¢ wieroeline
with a few ¢ included plagicclsee. Thie gradsiien 18 met,
however, seen in &ll specimens, In the ausrtzites the
mieroeline cmtn?o (absent in £239) sre len=oid in outline,
their longer exes bdeing parallel te the foliatiem,

The dizposition of small quantities ef tabular
eryetales of biotite woually gives the rocks a foliatien,
but the quantity is seldom suffieient to form discrete
leyere, The crystals, which have a maximum lenzth of 3 mm,
sre often pertly or entirely chloritised and arse occasionally
bant. !hr'plmhroie scheme il: X = yellow-brown;

Y. & = dark brown or red-drown,

Less common than the blotite (execort in 453) and
ususlly sbeent, the mnssovite eryetals remge up to 2.5 mm
in size., The crystsls are commenly bemt, irregular inm
outline, and have their cleavage traces obligque %o the



foliation. Occasionally (as in 453) there is emough
muscovite present for it to form diserete folia.im the
rock,

Accessory minersls, which together never exceed
44, have been found in great veriety in these rocks smd
include (in approximate order of abuniance) pink garmet,
pale yellow epidote with occasional eorthite ecores, sirecon,
iron ore, aphene, apatite, green hormblende, rutile and
green tourmaline. The erystals are idioblastie or hypidie-
blastie., Garmet, which is sometimes altered to chlorite
along cracks, end magnetite are exceptional in being
occasionelly a8 much as 3 mm seross, The more usual upper
1limit of size amongat the accessory minerals is that of
epidote which does not exceed 0.7 mm across. The gneisses
at prumroy mear Lochindorb are unususl in that certein
folistion planes are crowied with porphyroblsste of magnetite
up t0 3 mm seross, Oxidation of the minersl by weathering
gives the foliation planes & purplish or rusty eolowr.

2., Pelitiec and semipelitic gneisses
bark in ecolowr, the rocks vary from fine to coarse
in grain size, They are well-banded or foliaste rocks, the
coarser varieties commonly having emall quartso-feldspathie
eyes, lenses and layers, Where thin pelitiec anl quartso-
feldspathic roeks are interbanded the former temd to have a



Nodel analyses of pelitie roeks of the Moine Serieo,

Thin section mo, 64 102 156 408
Quartz 1e 82 13 21
Plagioclase 21 28 42 26
wieroeline 15 18 - -
Biotite 31 29 40 32
vuscovite 14 4 5 18
carnet - e s
Accessory - - 1 -

Points counted 1800 1 1700 1

64. Bilotite-gneiss, Stse en

Toisiech,
102, piotite-gneiss, 900 yards
:ﬂ.”;h the ‘cp of Gorton

156, eranulitic biotite-gmeiss,
Broomhill Quarry.

408, carnetiferous biotite-gneiss,
500 yarde T¥W of the top of
Creag Bheithe ihor, :



foliation oblique to the layering, Biotite, muscovite,
quarts amd feldspar can readily be identified inm hand
specimen. park red garnet erystals up to 10 mm across
are sparsely distributed emd are typieal only of certain
bands in the roeks. sSome of the coarser gneisses contain
thin quartszo-feldspathiec bands and lemses in which oceur
idioblastic, well-formed erystals of bdlack tourmaline,
with a maximum length of 40 mm, eccompanied by crystals
of red garnet. A lineation of mies erystals om the
foliation plames of the finer grained rocks is the only
visible linear struecture. Garmet is always porphyroblastie
while plagicclase is only sometimes so, Platesxu,xiv shows
typical pelitie and semipelitie roeks in thin seetion.

the most ebundant miea is biotite whose tabular
erystals are ubiquitous, forming diserete layers in most
specimens, and reaching & maximum length of 3 mm, Nany
erystals which are spparently large in ordinary light are
seen between crossed nicols %o consist of several erystals
in parallel growth, The erystales are occasionally bemt.
In general the grain size of biotite is about the same as
that of the other mimerals in the reock. Pleochroic haloes
surrounding small inelusions are commbm. The typical
pleochroic scheme is: X = straw yellow; Y, 2 = rich red-
brown, Biotite 1s altered to pale greem chlorite whieh



contains occesional grainms of iron ore slong the cleavage
planes,
~Normally muscovite is less abuniant tham biotite;

unlike biotite, its erystals reach a mexismm length of 4 mm
end sre commonly bent through angles of uwp to 20°, The
erystals ere thiek, rather irregulsr inm outline, and of ten
lie with their cleavage traces obligue to the foliation as
Gofined by blotite, Some of the muscovite, however, is in
parallel growth with biotite, Wide varistion in the grain
gize of muscovite within s single thin section is usual.

quarts is always present, the equidimensional
zenoblasts reaching a maximum diameter of about £ mm.
Undulose extimetion 18 everywhere charseteristic except im
the small rounded erystels imeluded in feldspars, and in
the smeller granules, Sutured boundaries between quarts
erystels are common. As in the quartzo-feldspathie rockd
slightly but definitely biaxisl quartz is occasionally
encountered ,

The typieal feldspar of the rocks is Plagioclase
with a composition range of uu to n". the majority of
erystals having & composition of about nm The plagio-
clsse forms xenoblasts which are equidimensionsl in the
finer grained rocks and tené to be porphyroblastic or poikilo-~
blastie in the coarser. The uswal maximum size of porphyro-



bloets is 6 mm, except in the touwrmsline-bearing bands
where they ere uwp %o 12 mm across. Twin lamellse are not
atrongly developed and are relatively marrow; twimming on
two laws in one erystal is rare. PFaint soning is ecommen,
many of the smadler erystals being zoned but not twinned,
In 811l the soned erystals in which the composition range
could be estimated zoming was towards a sodiec mergin, Up
to three distinet zome boundaries have been observed in a
single erystal; they are normally roughly parallel to the
erystel margin but some are irregular in outline, In
erystals that are both twinned emd soned the twin and
zéne boundaries eross each other undisturbed, Bending of
the twin lamellse is rare. The plasgioelsse is occasionally
altered to secondary mice and dusty material, 4s in the
guertgo-feldespathic rocks the plagioclase of the coarser
rocks is sometimes albitised imirregular pstches, or alter-
netively contsine irregular sreas of microeline (Plate XIII )
1% is often difficult to decide whether plagioclase or
mierocline is the host minersl. The porphyroblastie
erystals contain inclusions of other mimersls, perticularly
micae, oriemted with their lomger axes parallel to either
or both of the two visible cleavage traces of the plagioclase.
Less common them plagioclese (and sometimes
sbeent as in 156 amd 408 in Taeble 2) is microelime whose



xenoblastic erystals range up to 3 mm seross. Hierocline-
microperthite is slso present (Plate XIV ). Wieroeline does
not oceur in rocks which bear germet, Normelly the erystals
conform to the average grain sise of the roeck. Occasionslly
the mieroeline crystals contain small rounded inelusions of
quertsz. In econtrest to the quartso-feldspathic gneisses the
erystuls do not have grenular mergins ner do they show cate-
clastic structwres sueh as bent or broken twin lamellae.
although they form only & small propertion of the
rocks, porphyroblssts of garnet are prominent in certain
layers (408). The erystals sre equidimensiomsl, their
meximuw diameter in thin section being 5 mm. Typically
the erystals ere pink in eolour smd sre spongy, with in-
clusions of quarts, muscovite end biotite in that order of
sbundsnce. fThe tabular included minmersls are sometimes
seen to be concemtrically srrenged within the germet, A4
bilotite-poor sone suwrrounds meny of the porphyroblasts,
around which the foliation is doflected. Alteration to
ehlorite along the crseks has beem observed im & fow
specimens .,

Large tourmalime porphyroblaste occeur im certain
quartzose layers of the coarser gneisses, snd laeck a pre-
forred orientation in these layers. Im thin seetion the
idioblasts are seanm to be slighly spongy and olive or green-



brown in colowr, which varies a 1little within the erystal.
Absorption is stromg; O >E., Small ineclusions of quarts,
muscovite and sometimes biotite are arranged with their
longer axes parsllel to the erystallographie g-axis of the
tourmaline .

Idioblastiec or hypidioblastic erystals of several
accessory minersls are found in these roeks, The minerals
inelude iron ore, apatite, spheme, gernet, zireon, and
elinozoisite, and they temd %o be concentrated slong bdiotite-
rich folia, The size of the erystals is seldom sbove 0.5 mm,
Where sphene is a common accessory mimersl the biotite ie
dark brown rather thamn red-brown in colour, s faet which
indirectly bears out Hall's (1941) correlation of red-brown
eolour in biotite with high titania content., There appears
to be no correlation between plagioclese composition and the
colowr of biotite whem spheme is present. Iron ore forms
ragged crystals, oftem slong the cleavage planes of biotite.

Augen-gneisses constitute a miner proportion of
the pelitic and semipelitiec gneisses, and are confined to
eortain thin layers, They have not been found in the extreme
¥g of the area. The sugen-gneisses differ 1ittle in petro-
graphy from the other pelitic and semipelitie rocks, the
following factes being exceptions %o the genersl similarity.
The quartz erystals of the sugen-gneisses tend to be



elongate parallel to the foliatiom and reach a meximum
length of 6 mm; blebby quarts is sometimes found in the
prlagioclase erystals. The "eyes' are not composed of a
single eryestel but consist of sn equigrsmulsr mesaic of
any or all of quartz, microcline and plagioclase, the
nosaie -dun being coarser tham the average grain size
of the guneiss,

3. dsle-silicate 'granulites’

The bands snd less frequent nodules of these
rocks are medium %o fime im graim, are pale in colour and
are studded with pink or brown garnets end with elongate
perallel streeks of dark minersls, hence the name "Bloteh-
Rock» givem by Barrow (1904, p.410). The lireation formed
by parsllelism of the stresks esm, in a few favourasble ex-
posures, be shown to be parallel to the regional fold axis,
The larger nodules are concentrically szomed, showing vary-
ing degrees of garmet coneentration while the country rock
for a distance of an inch or two outside the nodule is
dark in ecolour and has a content of biotite above the
average.

Along both sides of the belt of basic roeks
between (arnloch smd Carn nam Gabher, mear Lochindorb, the
pelitic and semipelitic schiste and gneisses contain omall
flattish nodules of cale-silicate bearing roek. These
nodules, which are seldom more then three imeches thiek



TABLE 3

Modal analyses of cale-silicate 'granulites' in the Moine Series

Thin Seetion No, 222 246 248 251 253 25% 255 276 282 30% 306 339 k38
Quartz 36 47 45 32 W W 45 56 23 39 4 33 32
Plagioclase 5 3% 15 33 Y 45 - 24 5 27 W1 15 35
Clinozoisite 2% 11 27 25 W 2 36 16 5 9 8 3 21
Garnet 5 2 L 6 2 2 - 2 5 3 Y 15 -
Hornblende b 2 - - 2 1 - - 9 1 L Yy 11
Caleite SR T ki) FEIET Dheni Lol e i Sikly SER P o i
Biotite O SOEE: T TR G I Dl SRR R Tt e
W“ - - = e - -~ 1“ - o - - - -
Sphene 2 1 2 1 1l - 1 2 3 1 1 2 |
Points ecounted 1200 %o 1600 in every case

*ehlorite
222, Carn Bad na Caorach zgg. 8W. of Creag an Fhithich
246, NE. of Carn Bad na Caorach 282, Pityoulish Hill
248, NW. of Auchnagallin 30%, Tromie Bridge
251. Carn a' Ghille Chearr 306. Creagan na h'Othaisge
253« Carn a' Ghille Chearr 333. South of Carnloch
25%., Carn a' Ghille Chearr 38. South of Carnloch

South 8f Carnloch



end are five in grain, stand out prominently on weathered
Mnudmlummmludhnupnoymh-
terdor to s pale green orsrqllrjh. The thimner neodules
contain only the pale green or zrey seome.

The usuel minersl assenblage, whether ia band or
nedule, is gquarts-plagioclasa-clinesoisite (or epidote)-
hornblende-garnet with occesionsl swall amounts of blotite,
macovite, caleite and ephene. Pable 3 shows the oversll
urity of the grouwp, 255 being an exeeptionsl type. PFlagio-
¢lase snd elinozoisite terd om the whole to rise and fell
reciproeslly. The typicel festures of rocks of this group
ere seen in Plate XV .

Guartz, plagioclase or ¢linosoisite may be the
w03t abundant minersl in o particular specimen but of these
1t is gemerally guarts which makes up the major proportion
of the roeke, The erystsls are xenoblastic and equi-
dimemsional, and ususlly have undulose extinetion,

Illtmmmou-wcutshwhmot
plagioclase, which forms xenoblastie eryetals with o
maximum length of 1 mm, Twin lamellae are sparse and narrow;
miuhlluio-rgiainnimbutluunﬁhm
erystals, Most of the erystals are 8lightly altered te
mice or elinozoisite. The compositiom renge of plagioclase
in thirty specimens is an,, te én... with two distinet



paxims at amluxinutolynu and Angs. There appears to
ke mo correlation of plagicelsse composition with mode of
ocourrence, geographical position or distinetive minersl
eontent, sueh se the presence of clinozoisite within the
plagioclase,

dolourless erystals of elinogoisite ere commonm,
occurring either ss a network around the quartz and plagio-
clase or in clumps and patehes which represent (in part)
the dark stresks of the hand specimen. (Hornblemde snd
biotite sre alse found in the dark streaks,) The erystals
are up to 1 mm acroes and between crossed nieols are cormon-
1y seen to be zoned, In memy specimens the ¢linosoisite
occurs within erystals of plagioelase, which it hes possibly
replaced; these plagioelsse erystels are mo mors or less
ealeie than the rest,

8zrnet slways appears comspicuous in hand specimen
but iz thin section the porphyrodlests are found to be so
poikileblastic or even skeletal in habit that the pre-
portion of garmet in the mode i low. Jrystels of the
minersl are psle pink or colourless, vp to 5 »mm across, and
usnally kave inelusions of gqusrtz with lescer smounts of
elinozoisite and caleite, Oryetal faces are seldom developed.

8mell, sparse, ragged poikilodlestn of greem
hornblende are found in wost speeimens, The minersl, whose




erystals are too small for measurement on the Universal Stage,
occurs in assodation with biotite and elinezoisite, The
pleochroic scheme is: X = pale green; ¥ = green; 5§ =
bluish-green, the colours being sometimes paler tham these.
The blue-green colour suggzests that the hornblende contains
the hastingsite moleculs, _

Biotite is occasiomally precent in essentisl pro-
portions, %he tabular crystals are emall, heving the
Pleochroie scheme: X = golomrless; Y, & = richk 1light brown.
Ohlorite is the wost common alteration product of biotite.

Buidimensionsl erystels of well-twinned caleite
have & meximum dismeter of 0.5 mm, The mimersl has been
detected im only a few specimens (e.zx, 222, 248, 262, 304)
and 1ts presence has no effect on the mineral assemblage
devaloped.

The asccessery ninersls include ubiquitous pinkish-
brown sphene in emall idioblests forming up to %% of the
rock; occueionel mieroeline in emall xenoblastic erystals;
snd sparse ehreds of muscovite which are sometines secondary
after plugioclsve,

There sre Two noteble exceptions to the deseription
given above, Firstly, im the migmatitic quartzo-feldspathie
gneisses of Stac an Teoisieh near Boat of Gartea there have
been found a few thim cale-sflicate besring bands(278). The
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bands are ecoerse in grain amd light in ecolour, sparse
garnet and sphens being the only dark mimerals present.
Plagioelase is predominant but is usually altered to
carbonate and secondary mice; elinozeisite oceurs as
coarse xemoblastie erystals whieh sometimes form a net-
work im whigh the quartz emd feldspar are set, This

rock type resembles thin bands found im the pelitie
gneisses of (raig Revack (see M—p ). The
second exception is the type of fime-greined egquigrenular
roek found as nodules in the Lochinderb distriet (339,438).
fhe middle of each nodule is a mess of emall brown garnet
eryetals, the interestices betweon which sre filled by
quartz and clinozoisite, end this grades outwaris into sm
intermediste sone rich in clinezoisite (or epidote), poor
in garnet and besring coarse shreds of a colowless amphi -
bole; which gome, i turn, grades into an outer some
either rieh in poikiloblssts of blue-green hormblende
with, in additiom, plagioclase (Angg-angy), quarts end
¢linozoisite, or consisting of the assemblage quarts-
¢linozoisite-museovite~chlorite (258), the two last nemed
minerals probebly being alteration products of plegioclase
and biotite respectively, Oubtside this seme the enclosing
granulitie quarts-endesine-biotite roek is found.
Cecasionslly, in the smeller ncdules, the innermost,



garnebiferous zome is lacking (438). Fodules of this type
are always found in fine-grained pelitic or semipelitie
rooks, and, although their texture differs from the more
usual and more widespresd cale-silicste bands, M have
the same minersl assemblage, '

Intercaleted In gquartso-feldspathic gneisses at
prumroy, meer Lochindert, are a few thin bands of a roek
vhose mode of occurrenco amnd appearance in hand speeimen
closely resemble those of the ecsle-silieate 'gramulites',
In thin section, however, these are distinctive end umususl
kornblendic roeks which ean be grouped with ned ther the
basie nor the caleareous rocks, A modal snslysis gave the
vesult: horsblende, 37§; epidote, 26¢; plugioclase(an,,),
26f; quarts, 7i; sphene + apatite, 3¢. The erystals of
epidote, sphene and spatite are idieblastie, the other
minersls being xenoblastie in habit. (Jomaideration of the
minorsl content has mede possidble an eatimation of the
relative sbuniamce of oxides in the rock, thus: eilies )
aluming > iren oxides D> lime > magnesie > soda. %The erigin
of the bends is obscure.

(e} Discussion of Origins
4 high content of plagioclase emd /or mierocline

ceharscterises the quartso-feldspathie gneisses (Table 1),
which have an average 5.G. of approximetely 2.7. 4An extreme
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roek type (461) containing 56¢ by velume of pla_gioclase

of composition ANz, (8.6, = 2.7), would theoretically

contain sbout 3,8 soda by weight, and another extreme (23)
with 30¢ by volume of microeline (5.6, = 2.6) and 6% biotite
(3.@, = 2.95) would contain about 514 potssh, These

maxinum values for soda -l poteash in the quartszo-feldspathie |
gneisses both lie within the eorresponding ranges for analysed
arkoses (Pettijohm, 1949, p.259) and the mimeral compositions
of the roeks fall within the arkese field (Pettijohm, 1949,
p.258) ., Redistribution of some materisl im situ during
metamorphiem is indicated by the occurrence of porphyro-
blasts of feldspar, garmet and magnetite. Parallelism of
mponntbnl:lngdththcmmvoluummhh
indicated in some thin sections by the parallelism of lines

- of rounded sireons with the biotite folistion. The inter-
growths shown by the feldspars indieate the action of either
of two processes: (1) the exsolution of a homogemeous
(Na,0a,k) feldspar into its plagioclese end alkali feldspar
components om eooling from a high temperature, or (2) a low
temperature replacement of rlagioelase by mieroecline and

viee versa, involving the small-seale tramsport of soda and
potash. These intergrowths sre slso found in the feldspars
of the temperature-sensitive pelitif and semipeditic gneisses,
which do mot, however, show a development of high-temperature
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minerals; therefore the second alternmative is much to be
preferred. There is little evidence sither for or against
the large sesle introduction of sode eand/or potash., The
quartzo-feldspathic gneisses are therefore considered to
have formed either by the metamorphism of arkoses or by the
metamorphism end alkali metasomstism of more qusrtzose
sediments,

The petrogrephy of the pelitic and semipelitie
rocks is consistent with the produetion of these rocks from
argillacecus sediments, The conditions of formation of
plagioclase were such that twinning wes not favoured, while
eontinuous zoning was, If twimming be considered 2 result
of stress, ss is commonly held to be the case (see for
example Harker, 1904, pp.124-125; Alling, 1936, pp.155,157;
Harker, 1954, p.269), then the plagioelase finally erystallised
under low stress. Muscovite, judging by its usual obliguity
to the foliation, appears likely to have formed when directed
stress was low or had cessed., As in the quartzo-feldspathie
rocks there are intergrowths between plagioeclase and miero-
¢line whose origin appears to be in some doudt, Origin by
roplacement is preferred to one by exsolution, as the mimeral
development of the roeks does not indicate 2 high-temperature
of formation,

It could be argued that the restriction of



tourmeliniferous gneisses to within the bouwndary of the
Grantown Granite suggests that the tourmaline dands are
spophyses of the granite. 4is the tourmeline-bearing bands
are parsllel to the gneissic foliation snd occur alse as
isolated lenses and pods slomg the line of the main band,
and as the gneissie foliation has been moulded around the
pods Just as 1% hes around porphyrodblasts, and the veins
which ean be sesn %o comnnect with the granite are cross-
eutting and parallel-sided, them 1t is clear that the
origin of the towrmaliniferous bands is bound up with that
of the gneisses and mot with that of the gramite. The
eonstituent which econtrols the formaetion of tourmaline is
borie oxide, and srgillaceous sediments contain up to 0.1%
of that oxide (Remkams and Sahems, 1950, p.491; Goldschmidt,
1954, 9.2686), Tourmaline contains spproximately 10g borie
oxide by weight and therefore, without introduction of Byl
from some outside source, metamorphosed sediments asre
likely to comtain up to 1g tourmsline by weight.* Ehe

* the pelitic gmeisses of the Grantown Group (5.0. spprox.
3.0) contain up to 1y by volume - emd therefore roughly g
by weight - of disseminated Sourmsline (see p *'5),

proportion of tourmaline (1-24) in the bemds on Cresgen na
h-0thaisge and Oreag Bheithe is such as would require the



migration and comcentration of 1,03 end other oxides from
s peximum distance of only e few inches, provided the
original sediment comtained 0.lg borie oxide. The presence
cf-’uumﬁpmuuﬁhﬁomﬂ
testifies to the oceurrence of diffusion in these rocks,
on the sesle of metamorphic differentiation,

The bends snd nodules of cale-silicate 'granulite’
show & remerkable consistency of mineral composuition over a
wide ares, The nodulsr, zoned cecurrence at some loeslities
suggests that the nodules represent original calcareous
eoneretions in the quartzose bands, comeretions whose con-
tent of lime decreased oubwards, This hypothesis is
pupported by the faect that the foliation planes of the
gneise sometimes pasa through the nodule amd that the presence
of & nodule does not result in an incresse in the thickness
of the layer in which it lies (Plate I1). The examples of
current bedding in the same distriet indicate that the
original sedimentary structures sre preserved in the rocks
even &t & high grade of metamerphism, The ecale-silicate
bende therefore, by analogy, represent originsl caleareous
layers.

From their mineralogy the small zomed nedules
from the Carnloeh~Carn nem Gabhar erea would appear to heve
been more lime-riech and less sandy than the foregoing bands,
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But to combain relatively large quantities of minerals rieh
in slumina (garmet, e¢linozoisite snd labralorite) the
original coneretion must have been caleareo-aluminous and
rich in liwe towards the interier. This is hardly surprising
in view of the faet that these nodules are found in pelitie
and semipelitie layers. 2They are therefore the homologue
in pelitic rocks of the usual esle-silicate 'gramulites’
which tend to be found in quartzose layers, 2o the best
of the present writer's imowledge similar nodular rocks
have mot previously been deseribed from the Moine Series.
The minersl confent of all bands snd layers allows the
average lime content of these rocks %o be approximately
estimated at sbout 104, This compares favourably with
chemically snulysed cale-silicate bearing rocks from other
regions (Flett, 1912; Pettijohn, 1940; Kemmedy K 1949),

The minerel proportions in several modsl analyees
were converted to the spproximete proportions of oxides,
meking allowance for the different 5.6, of different minerals
and the range of compesition im minerals which form selid
solution series, By this methed the chemical composition
of the cale-siliesate 'granulites' can be sumerised thus:
silies’) alumina > lime ) ironm oxides == magnesia ) seda )
potash,

Lentieular bands of cele-silicate 'granulite'
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have been deseribed from all parts of the Moinme Series
@ince Gunn snd Teall (1898, p.41) first recognised these
rocks, in Ross-shire. The first detalled petrographiec
deseription to be sccompanied .ty e chemical analysis
appeared in the Ben Wyvis MNemoir (Plett, 1912, pp.48-45).
Flett (in Horme, 1923, p.55) eonsidered the cale-silieste
'granulites' - derived from caleareous sendatones - to de
one of the distinguishing features of the Moine Series.

Jemed (1955, P1.1, Pig.3) has Pigured and Petti-
John (1940) has deseribed from the Procambriasn recks of the
Great Lekes region concretions which are strueturslly and
petrographically similar to those found inm ¥id -3trsthspey.
Pettijohn comeluvdes that the modules represent saleareous
eoncretions (2oggers) whieh formed in sendy roeks after
their deposition but prier to their metemorphism, 2
chemical anslyesis of ome such nodule shows it to have a
lime content of 9., Similsr examples from the Gold Coest
have recently been deseribed by Conybeere (1951).

Eemnedy {1949) hes demonstrated the ehanges
brought about in eale-silieate 'granulites’' by progressive
mobamorphism, Two specimens from the boumdary hetween
 Kennedy's soisite some snd smorthite-hormblende zome at
Lochailort show textural festures emd mineral assemblages
identicsl with those seen in the cale-silicate Dands of



¥id -gtrathspey. The Lochailort rocks contain the asssembl-
ege quartsz-plagioelase (Angg)-elinozoisite-hornblende-garnet
with accessory sphene and celeite. This is taken by Eennedy
to indicate & grede of metamorphism corresponding to that of
the kyanite szone in pelitie rocks, i.,e, to the lower amphi-
bolite faeles; in Mid Strathspey the kyanite isogrsd is
seen to be attained by all rocks (see p.193)., OCaleite in
essential proportions in some of the rocks of MNid_Strathspey
euggents that this mineral persists to a higher grade than
Kennedy has postulated, Ite presemce can be asccounted for
by considering that all the alumina originally present has
been used to produce elinosoisite, ete., and the temperature
mntmn@wfuﬂaopﬂluuudom—
aluminous esle-silicate such as wollastomite,

Where rocks with interecalated eale-silicate bands
have undergone migmatisation the sssemblage developed is
quertz-plagicelase-clinozoisite (or epidote) with secessory
garnet and spheme, This holds true for bemds in both the
migmatised gquartzo-feldspathie gneisses of Stac anm Toisieh
and the migmetised pelitic gnelsses of Craig Revack (2ee p.107
This new assemblage does not necessarily indieate a higher
grede of metamorphism then elsewhere in the arese but rather
a different metamorphic emviromment in whieh hornblemde and
biotite were both umstsble. From the litersture on the



Highlends the only deseription comparable to that given
sbove is by Peall (in Horme, 1910, p.81), who deserided

eale-silicate "gramulites' from the migmetitie roeks of
the Pannich Hountains,

(d) wigmatisation

Throughout the area, and perticularly in the sy
along the lm-m_.h waterahed, the rocks of the Hoine
Series have suffered deformation and migmatisation, The
intensity of deformation can be shown to be elosely related
in time and space to the intensity of migmatisetion (p,55).
Both guartzo-feldspathic and pelitic rocks are migmstised
in the S¥ but elsevhere the tendeney is for the pelitic and
semipelitic rocks alone to show evidence of migmetisation,
Blocks of migmetite are ineluded within the Gramtown Granite.

At verious localities - apparently distributed at
random - the quartzo-feldspethic roeks sre gremitic in
charaecter, They are pink im eolour and contein rendomly
oriented , scattered miea flekes, as was noted in the
Geologicel Survey Memoir (1915, p.2l1).

The gneisses are seen %o conmtain coerse quartzo-
feldspathic bodies parallel te the folizstion or bending &‘.

* Throughout this thesis the wineral banding of the roeks
is demoted by g‘. the folistiom in wicaceous bends which is



obnmh‘ruuuolg..nﬂawtmdnnn
ineipknt slip ntauauchunlmg_a(m also p.161).

end in the form of lemses, layers, kmote, rods, end veins
&ll of which are either elongate parellel %o, or contain a
linear structure parasllel %o, the regiomel fold axis., The
gneisses emd the quartzose layers heve, therefore, been
folded together, and _8;‘ nrfu arourd the cosrse messes.
Coarse quartz-rieh ptygmatic veins are also found along 21'
on Ureag khor the quartsose layers show intrafolisl folding
in the gneisses, Where 31 ia steep or intensely folded
(Plate 111} the quarizose bodies sre most sbundant end econ-
spicuous e they commonly oceur in the crests of small folds,
but even where 91 is gently dipping, as at Oraig Garten,
there are meny coarse guartz-feldspathiec lenses parallel

to %. smell quartso-feldspathic eyes characterise many

but not all of the micaceous layars, Every gradation in
@ize is found from querter inch thick eyes to large lenses
of up %o one feoot thiek, The mont common occurrence of the
quartzose bodies is as single or inter-commecting groups of
lenses, sowetimes haphaserd in distridution, sometimes eon-
fined %o o perticular layer. The non-treamsgreccive mature
of the guartzose bodies and the parallelism of their linear
and planar structures to the strunetures in the gnei
indicate that the lenses were produced during the




and sssumed structursl features controlled by that de-
formation.

The petrographie deseription givem in the following
paragraph applies egqually te 211 migmatitie rocks of the
grea, 7The lenses and rods conaist for the most part of
quartz aceompanied by consideradle but lesser proportions
of feldspar (mieroelinme, mieroelinme-perthite and caleie
oligoclase), Biotite, musecovite snd emall red crystals of
garnet are occasionally found, Some of the more feldspathie
pods have bietite-rich margins (Plate X).

in thin section the thimmer gusrtzose layers sre
secn to contain the same winersls that are found in the
gueisses but in different proportions and as much larger
erystals, Quartz and feldspar make up the greater part of
the layers, sSome layers conmtain oligoclase to the ex-
clusion of microecline and yice versa. The plagioclase
erystals are usually well altered %o secondary micea and
it is @ifficult to esteblish their composition; in the
few aveilable fresh erystals the composition wss ealeie
oligoclase, Some plagioelese erystale contain smell blebs
of quarts, Lemses in which oligoclase and mieroeline are
found together tend to have intergrowths of mieroeline in
plagicclese while the larger mierocline erystale contain
in their untwinned aress tiny albitic stringers. Gramular
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merging between erystals ere common in mierocline-rich
bands, The sparse muscovite and biotite are indistinguish-
gble in size and optical properties from the muscovite end
blotite of the gneisses, The lenses do not invariably have
biotite-rich margins; however, cleosely contiguous layers
are usually separated by & thin biotite-rich wall.

A further effect of migmetisation is seen in the
thin impersistent sheets of gremitic rock which are de-
veloped slong slip surfaces (g.) obligue both to 8, and
end usually at & high engle to the former (Pig. 4; ef,
Reamberg, 1952, Fig.121), These sheets are only foumd south
of the Dulnein and ere best displayed in the steeply dipping
gneisses of greag an Fhithich end Stac an Toisich, The
gheete dip gently SE dut are not strietly planar, as the
granite is irregularly developed and sometimes temds to be
lmmrc.ntnocummmmmgipm.
leaving biotitic septs projecting from the gneiss inte the
granite (rlate 1X). The mexismum dimensions of the sheets
are one inch in thickness and three feet in lateral extent,
the observed extension parsllel to the fold axis being
about five feet. mmommmhxug'
Mmhcmmmmmpnnolhgl.

In only one example wes a sheet of granite observed to be
parallel to the exial plane of a smell fold, The relative

“



displacement of h on either side of !s is slight; the
displacement dies out laterally, non-displaced folie being
found on either side of tolucrnuhhhcﬂ,. h!r_"
surfaces, however, are not recognisably displaced, neither
unqnmmu. H-u]'nmnmn.nu
which is close to the regiomel fold axis; the folds which
Mhog'hnunwmdtoﬁuuum fold axis,
The displacement about 3, has been used in the kinemstie
interpretation of the struetures of these rocks (see p.170
and pig.19).

Petrogrephically the meterisl of these thin
granitic sheets eonsists of a mossic of gquartz, hypidie-
blastie oligoclase, some microcline snd very small quantities
of museovite and red-brown biotite. These minerals sre in-
distinguishable from the chief constituents of the gneisses
except that the plagioclase of the granite is slightly more
sodic in composition and more highly altered than the
plagioclase in the mnearby gneiss; the granite is slightly
coarser in grain then the gneiss. Throughout Mid-Strathspey
the migmatitic rocks are quite distinet from the abundent
and widespreed persistent pi-noxmu transgressive
granite and pegmatite veins (see p.185 ot a3%.).

A8 with the larger guertzose bodies the structural
evidence clearly showe & close relationship in time between



the deformation of the gneisses and the formation of the
thin granite sheets, Petrographic evidence indicates a
close similarity in mineral content between the pegmatitic
snd gramitic rocks and the surrounding gneisses. 4 lerge
development of aeid materisl in the gneisses can be
directly correlated with a high degree of deformation,
slightly deformed and non-migmatised rocks (eontaining
sedimentary structures) cre found in the north of the ares
but not in the south, The combined evidences therefore
suggest to the proesent writer that the simplest and most
sdequate hypothesis to account for the various migmatitie
rocks desceribed above is to suppose that guartzose and
feldspathic material segregated from the gneisses under
the stimmlus of metamorphism and deformetion and erystall-
ised in localities where, poseibly because of lower stress,
the environment was suitable, Migmetisation was, therefore,
syntectonie, Iuwring the period of this investigation time
has not permitted speculation as to the matwre of the fun-
damental processes which were responsible for reerystellis-
ation snd deformetion.



THE g IGE=OUS
IN BB OIVE SFRIES

Several lenmses and sheets of hornblendic rocks
(epidiorites) lie comcordantly in the Noine Series at
various lecelities in Mid-Strathspey. Neaer Lechindord
basic rocks occupy & discontinuous belt which tremds NNE
and is gbout two miles leomg and wp to 200 yerds broed,
Smell lentieculsr bodles of hormblende-schist are found on
the sw slope of Uraig Revack end in the River Julnain nesr
Muckrach Lodge. The basie rocke of Jsrn mam Gabhar in the
Lochindorb belt slone are indicated on the Geclogical Survey
l-inch mape and are the only occurrence which has beenm
previously described.

Flett (1923, pp.44,50-80) hes furniched an
excellent deseription amd discussion of the bdusie rocks of
garn nan Gabhar, His deseription isegually spplicable to
those which outerop immedictely south of Gabher but far
which there i= no published mep or deseription. He con-
gidered that the original desie rocks were derived from
ophitiec gabbros which were brokem dom first to flaser
gabbro snd finslly to amphibolite containing phseoids of
the originsl minerasls, Flett visualised pressure as the
main cause of the change snd considered it likely that the
rocks were intruled at o late stage in the regiomal meta-



morphism, The present study has revesled new evidence
relating to the origin amd history of the roeks snd has,
in addition, made possible an amplification of the sequence
of changes not ed by Flett.

" In the field seversl distinet rock types can be
recognised, comprising hornblende-schist, hornblende-gneiss,
wasoive amphibolite with reliet igneous texture, gunﬁ-
iferous emphibolite and fine-grained gramulitic amphibolite.

(a) Pleld Relations

1. Lechindord belt

Remapping on the 6-inch seale by the writer
(see rig.5, end pocket) hes shown that (e) at Gabhar there
aere several large and smell lemses of basie rock smd not
a single Y-chaped outerop es indicated on the uwnpublished
gurvey 6-inch map; and (b) between the head of Lech en -
githein and the Nw slope of (Uam Sgriob there is, similarly,
2 series of lemsee end not the plame perallel sheet shown
on the survey 6-inch mep, Other detailed changes ineclude
the omission of the arese of gremite reported to lie close
to the basiec rocks both at Gebhsr and Cam Sgriodb (Fig.S5.emd
vocket) . |

fhe bassic lenses are parallel to the foliation of
the enclosing rocks and sometimes have a foliatiom dipping,
and a lineation plunging, parallel to the same structures



outside the lenses. The large lenses have outerops of wup
o 200 yards by 100 yards end are inverisdly msssive with
reliece of ophitic texture towards the interior. They are
usually flanked by sonmes containing either or both homn-
blende-gneiss and smell discrete lenses snd layers of amphi-
bolite, sometimes garmetiferous (Plate IV),

Assoeiated with the belt of basie rocke are
pelitiec and semipelitic gneisses bearing cale-silicate
nodules which oceur on either or both sides of the belt,
The contecte of the large masses with the commtry rocks
d1p esstwerds, emcept for the southern body at Garnleeh,
whose south-western econtact dips steeply sW. Ilecally the
eontacte interseet the foliation of the country rocks at
e low angle.

fthere is wide varistion in both texture amd grain
gise within the basic masses. The reliet ophitic texture
can be detected at most localities (Plate 1X) but is best
displeyed at CGebher where in hand specimen black pyroxzene
erystals are seen to be rimmed by green amphibele. ain
original parallelism of feldeper erystals in the gebbro
ies seen immedistely morth of Garnloch; the platy structure
dips gently sast parallel to the foliation of the country
rock,

fhe messive amphibolite has crude, widely spaced



joints end weathers to humoeks whieh have @ rough kmobbly
surface, the upstending knobe having cores of resistant
pyroxene or germet, Locally the msssive amphibelite mey
econtain macroscopic flakes of biotite, or may be pale green
and schistose. Porphyroblasts of feldspar sre sparse,
Hornblende and biotite form the foliation of the hornmblende-
gneisses, which are poorer in hornblende than the amphi-
bolites, The garmet porphyroblssts which are typical of
some of the amphibolites end hormblende-gneisses ususlly
have en envelope or & pressure shadow of quartso-feldspathie
materiel, The porphyroblests are often regged in outline
end are up to 10 mm seross; they are not found in rocks
with rocognisable ophitiec texture,.

fhroughout the massive amphibolite there are
small sheets and irregular patches of hornblende-'granulite’
which sometimes contein feldspar and biotite (rPlate 1IV).
In the sheets the mergin of the granulitie rock cuts
sharply acrose the ophitiec texture of the enclosing rock,
The sheets sre verticel and sre uwp to 6 inches in width,
while patches of up to one foot square have been noted.
South of garnloch such a patehr is bounded by & nmarrow coarse
sone rich in feldspar anmd biotite, Granuliftic roek is also
found at the upper, that is, esstern margin of the esstern-
most lons at Gabhar, Hornblende-'granulite' has been found



only within the massive smphibolites. There is mo field
evidence to indicete whether the gremulitic rock represents
en originslly fine-grained xenolith or portion of the basie
rock, or a post-intrusion development from = homogeneous
gabbro,

The besie rocks contain thin ramifying quartso
feldspathic voins which are usually plemer snd probebly
follow 0ld joints which were mot parallel to the presenmt
Joints, (Qutting the thin veins are occssionsl irregulsr
patches of leusocratie rock containing quarts, feldsper
and biotite; these patehes prade into the bssic roeck and
eppear %o be en integral part of it{Plate v). There oceour
thick tramsgressive veins of pegmatite which resemble the
peguatites of the commtry rocks, (lose to the mergine of
the larger messes small, rusty-coloured tsbular inclusions
of schist have been sparsely found., There sre occasiomsl
smell round inclusions of e coarse gremitiec rock, Neither
inclusions nor bordering commtry rocks have = hornfelsed
aspect, despite the fact that both are pelitic in com-
position end therefore thermelly semsitive. In a layer of
country rock between two lenses of basie rock nesr Qarnloch
there is e sheet of true gravulite some ¢ inches thick,
Ribbons of gquartz are set in sm equigrenular quartso-
feldepathic matriz and plunge SE parsllel to the resgiomal



TABLE 4

Nodal smalyses of wotamorphosed basie roeks in the

Noine geries,
thin section mo. 266 265 257 429 350 236
Augite 20 - - - a &
Hornblende 32 53 60 39 68 48
ioclase 40 23 186 31 85 19
Biotite 1 4 5 8 B
iron ore + Sphene 4 1 8 5 2 1
rwpidote 3 19 - - - 10
quarts 2 - 6 13 - 5
Accessories ngnginc in every case
roints counted 1200-1300 _in every case
266, A-p’hitonto with reliet cplntic
texture, 200 yards SW of top of Camm
nan Gebhar, (stage I).
265. Alphibonto vith reliet ophitic
tu:hro. | ..“hl:’) top of
e .
257, mﬂumu bolite, soo yarde
ss¥ of gernloeh, | I11).
429, Garnetiferous hunu o-pcm 600
M‘Mhmn of top of Carn nan
350, pHormblemde-'‘gramulite’, 600 yards
south of garmloch,
236, Hornblemde-schist, 75 yarde 5W of top

of creig Revaek,



fold exis,

2. Velleys of the spey snd Dulnsin

Discovery hes been made of two small ard previously
unrecorded messes of hornblende-sechist, One, a lens about
15 yards long by three yerde brosd, occurs on the slopes of
graig Revack and hes an upper contact marked by a quartsose
pegmatite with occasional horrblende erystals uwp to ome ineh
in length, end the other, a sheet about 10 yards long and
one foot in thicimess, outerops in the River Dulmnasin at
Fuckrech Lodge., In both bodies mmeroscopic hormblende and
biotite form a crude foliation and lineation parsllel te
the foliation and lineation of the country rocks, Garmet
is sbeent from these schiste in contrast with the basie
rocks of the Lochinderd belt.

(¥) Petwology

A8 the original ophitie texture and gebbroie
minerals are well preserved in some of the besic rocks it
is possible to etudy the stages of chemical and physicsl
road Justment in the direction gabbro — garnetiferous
emphibolite, The series of wodal snelyses in Teble 4 give
en indiecstion of the mineralogicsl changes and the com-
position of some of the wnusual rock types. The optieal
properties of some of the minersls from the verious stages



TABLE §

Universal stege data on the amphiboles end enes
of the besie rocks on the Noine Series,

100 10 100 14 108 16
94 12 116 26 104 16
104 26 102 22 86 19
28 23 9g 20 102 14

20 % 96 16
Average 97 108 Bl 99 16
Thin section mo, 448 295
Vs 3,.¢ gV 2.¢
118 18 104 18
110 18 104 20
98 18 102 23

ump?&ﬁlt_rﬂ

PYROXENE
Thin seetion no, 266

2z Z,.¢e

60 47
4 35
40
Average

266, Amphibolite with reliet ophitie texture, 260
yarda SW of top of Cerm nen Gaebher (stage I).

349, Aﬁnﬁmn:. 600 yards south of Oﬂﬂ”h':m

ge 11). stage

432, Amphibolite, 300 yerds morth of Carnloch,

448, carnetiferous hornblende-gneiss, 600 yard

295, Hormblende-schist, 75 yards 5V of top of
¢raig Revaek,



are given in fsble S,

1, Stage I - originel ophitie
pyroxene present

Rocks from this stege are restricted to the
interior of the large lenses,

In only one thin section (266) are fresh ophitie
pyroxene and euhedrsl plagioclese to be seen in contact,
This pyroxene is free from dsrk inclusions and has a
prominent (100) cleavage; the plagioclase is twimmed on
the albite law, has a composition of labradorite contin-
uously soned towards & more sodic margin end conteins many
small erystals of apatite end myrieds of minute dark in-
clusions, Usually pyroxens and plagioclase sre separated
by & sone of hormblemde, The tabular erystals of plagio-
¢lase have a meximum length of 5 mm; their componition
Mhmm-’uh-nh.ﬁu-hpum-u“u
Angs. The pyroxene is an sugite with the (100) cleavage
strongly developed (see Pable 5) emd ophitiec srees up te
10 mm acrose are in optical conbtinuvity, Sperse iron ore
occurs and is yrobebly originsl,

The augite shows two types of alteration, namely,
(a) to sparse aggregates of smll gramules which lmve poorly
developed cleavage end which ere not necessarily swrrounded



by hornblende, amd (b) marginal alteration to hormblende
which forme at first an opticelly continuous rim, This
first-formed emphibole is found within 0.5 mm of the re-
maining augite end has the pleochroic scheme: X = pale
brown; Y. = green-brown, It camnot be distinguished
otherwise from the second amphibole which forms outside
the firet end which has the pleochroic scheme: X =
eolourless; Y.i = pale green, Both the first and second
formed emphiboles are horablemdes with 5.0 below 20° end
all thin sections with original pyroxene sre characterised
by psle homblende, Augite, marginelly altered to horn-
blende, conteins many smell dark inclusions which in places
have coalesced hginamnnotmma{!;‘nﬁxvxll
thus iniicating that the hormblende is poorer in irom than
the mrent sugite. A% an advanced stage of slteration
masges of dark inclusions and wispe of augite remain within
the hormblende, In turn the large single hornblende crystels
give way to a mess of smll, more strongly coloured crystals
whigh form first at hormblende-plagiocclase toundaries.
Leanwhile four types of change can be recognised
in the plagioclase, namely, (a) further development of
apatite crystals within the original erystsls, (b)
occasional development of & second set of twin lamellae
spproximately normal to the first, (e) alteration of the
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original erystals, particulerly in their interiors, to
secondery mice, clinosoisite end dusty materisl, emd ()
reerystallisation of the large original erystals to a
mosaie of equigrapulsr graims which heve lost the myrieds
of small dark inclusions typiecal of the least altered
erystals, Signs of catsclesis are rere.

grystals of iron ore, probably origingl, sre
rimmed by & zone of gromuler sphene, the lims for which
was probebly supplied by the chenge in composition of the
rlagioclase from more caleic to more sedie, Smsll quan-
tities of red-brown biotite are commonly sesociated either
with hommblende or around the irom ore crystels,.

The rocks alse contain, in accessory quantity,
quartz, apetite and rutile rimmed by spheme., In one thin
section small colourless garmet erystals are developed
between areas of hornmblende and plagioclase. The presence
of garnet in roeks of this stage is, however, excoptional,

e T emlee ale

The rocks of this stage sre found in the large
lonses., The eugite end the esarly pale hornblende have now
been complstely superseded by s hornmblemde with the pleochroie
Scheme: X = pale brown-green; Y = brown-green; 32 = bdluish-



m.lﬂdths/\onlwolﬂ'. A movaic of large anhedral
and smell euhedral eryetals of harnblende pseudomorphs the
original ephitic sugite crystals. dSome of the larger
erystals s%ill comtain specim of irom ore inherited from
the augite snd tend also %o contain small inclusions of
quarts., utdmnmmtumuamua
ﬁ%)mtmnmucmum
twinned crystels with faint zoning sub-parallel to the
erystal margins, The boundaries of the ophitic ereas have
become irregular and there is a tendency Sowsrds the pro-
duetion of a hermblende-plagioclese mosaic with en sbersge
grain size of approximately 0.3-0.5 mm, ;roa?nt::u from
the sverage gramularity of the rooks of stage 1./ &4 further
redvetion in grain size would give the granular hommblende-
plegioclase rock regerded by Flett es & hornfels, The
phacoids or augen reporfed by Flett have not been observed.
In gemeral the proportion of quartz has incressed
(but mot in the model emelysis given) end myrmekitic quarts-
rlagioclase intergrowth is eparsely found, There is slse
en ineresse in the proportion of red-browm bioctite, much of
which swrounis the sphene which in twrn mentles the iron
ore. The abundasnce of spheme - in individuzl clusters and
strings of smell crystals - incresses in proportion ss more
lime is released from the plagiocclese smd combines with



titenia from the ilmemitie irom ore, Occasionsl idio-
blasta of clinezoisite are closely sscociated with doth
altered plagioclese and chloritised biotite.

The accessory minerals include zircon, apatite,
rutile and eolowrless garnet.

8. Stage 11l - spphibolite without trace
of ophitic texture

¥ith the loss of traces of ophitic texture the
basie rock becomes more or lese schistose snd the grain
sige tends to imereese (Plate XVII ), The rocks of stage
I11 are medium graired and are found either in small lenses
or at the margine of the large ones. :

Biotite end sphene sre the only idioblestie
winersls present. The hormblende is strongly coloured
(pleocchroic scheme: X = pele greem or brown; Y =brown-
green; & = blus-green); the plagioclase lies in the eom-
mﬁmwuwhn“; while eolourlese or pele
pink gernmet porphyroblests up to § mm scross occwr in the
middle of aress in which plegicclase, hornblende snd biotite
ere finely intergromm. The phgicclese is lecs abundent
than in stage II, is well-twinned exd shows en imereesing
tendency to be myrmekitically intergromm with gquarts.
Cuarts snd biotite are slightly more ebundent than in
Btage 11, the biotite sometimes forming diserete folia in



the roek, ,

Orystels of sphene 8till form occanional clusters
around orystsls of titamiferous irom ore or rutile, but ave
more often found without such nuclei, whils magnetite
commonly oecurs as small spongy eryetals without sssoclated
sphene, There are pleochroie haloes around some of the
small sphene erystals incluled in hormblende, Idicblasts
of epidote and clinezoisite are common whers the plagio-
¢lsse has suffered secomdary alteration. Apatite 49 a
common seceasory mineral,

There are occasional feldspar porphyroblasts up
%o 12 mn long and streaks of quartzo-feldspathic material.
In thin section a few 'porphyroblasts' are seen to be areas
of plagioclase mosaic, The decrease in proportion of plagio-
clase throughout the serles suggests that it contridutes
material %o those minerals whose proportionm incresses, vis.
hornblends, biotite, garmet and quarts.

4, [Hinor rock types

Hornblende-gneisses border some of the lemses,
These coarse grained rocks are banded and contein more
quartzo-feldspathic material them do the amphibolites,
The rocks consist of quarts, plagioclase (composition
renge Ang, to u") » blotite, hornblende {pleochroic



scheme: X = brown-green; Y = green: % = blue-green) and
garnet. The plagioelese is invariably crowded with smell
inclusions of quertz or of mierocline erystals in cptieal
continuity with eech other, The sccessory minersls include
rutile, epetite, epidote, clusters of sphene snd epongy
erystals of iren cre.

The petches and sheets of hernblende-'granulite’
have en aversge grein sige of 0,1-0.2 mn and contain horm-
blende similer o that in the rocks of stage 1I, plagio~
clase (compositien remge an . to u“). rod-brown biotite,
iron ore snd sphenme (Plate Xvmi ). ¥There sre occasiomel
quariso~-Teldapathle streaks anmd plegioclase porphyroblests
up %0 § mm long. The equigrerular condition of the horn-
blende~'granulite’ ie ineipiently seen in stsge 11, and does
not appear %o Ve a phyeieal bdreskiown bBut am extreme stage
of the gmersl recrystallisetion, possidly favoured by
local inhomogeneities in the gebbro. Perhaps this granular
rock, which 18 rich in hornblende (see Table 4), 1s the
complementery metamorphic differentisate of the irvegular
patches end veins of plagioclave “Iw, and biotite which
occur in the rock, The thiek trmmsgressive acid veins are
rich in mierocline and mierecline-perthite snd camnot be

distinguished from the cross-cutting pegmatites in the
country rocks.



The emell inelusions withim the basie rocks are
fine-grained granulitic sehists contsining querts, plagio-
clase, sometimee porphyroblestic, asnd biotite which is red-
brown and ragged in outline. %he round coarse grained in-
clusions of granitic aspect consist mainly of quartz end
mierocline-perthite with e 1little plagiocliase and biotite
resembling those of the schistose inclusioms, These in-
clusions camnot be metehed with sny of the exposed granites
of the distriet; their source is therefore unlmown.

The hornblende-schists of Oraig Revack end the
River pulrain ere medium graimed, thoroughly reconsiituted
rocks, 4ll the minerals sre xemoblastic exeept biotite and
sphene. Hornblende forms the bulk of the rocks and has the
Pleochroic scheme: X = yollow-green; Y = green; 3 =
bluish-green, and is sccompanied by lesser amounts of
rlegioclese in the range in,, to in,,. Clinosoisite and
quarts are the remeining comstituents, The lems at Craig
Revack is bordered om its upper side by & quarts-rich
pegmatite which also contains certsin mimersls - hormblende,
elinozoisite end sphene - which are found to be optically
identical with, and in some ceses optically continuous with,
the' eorresponding minersls of the hormblende-schist, It is
therslore considered that this pegmatite formed more or less
in situ by the mobilisation of the materials of the



hornblende-schist, mummw?w of earbon
dioxide such 08 hape sizssds hoen mm,(hmhgn passed

through the surrounding rocks (see pp.115-118),
{e) Discussion

fhe origin of the basie rocks of the Lochinderd
belt ss a gabbrode or doleritie intrusion more or less
confined %o a particulsr horigon in the loine Heries is
m_uuvn. Flett considered the sequence of changes
observed in thin seetion to be the result of pressure
breaking up the original texture and promoting the re-
erystallisstion of ¢ld minerals ami the growth of new omes,
Although pressure undoubtedly had sn effect on the re-
arrengements in the rocks the evidence presented above
indicetes that temperature ami/or chemical environment
were much more potent factors than pressure, The minersl-
ogical and texturasl resrrangements were the results of the
tendency of a high temperature sssemblage %o reach equi-
librium st a lower temperature, Yet the difference in
temperature detween the igneous rock end the country rock
was insufficient to produce hornfelses im the latter,
Flett's claim thet hornfels was produced in the basie rocks
by & later granite doe® not appesr jJustified; in faet, mo
such granite has been detected .



The thin planar scid veins in the basie rocks
possibly represent sn acid residuum which erystallised in
the joint planes of the paremt gabbro (as in Gampbell and
Lunn, 1927, Plate I, Pig.l), Later, there occurred segreg-
stion of plagioclase and biotite into irregular patehes
which are possidly the complementary metamorphic d4iffer-
entiates of the hormblemde-'granmulites',

The combined field and petrographic evidence
essentislly supports Flett's view that the intrustion of
the gabbro took place late in the metemorphie history of
the country rocks, while the country rocks were still at
& relatively high temperature, MNoreover, the lemsoid
shape of the basic bodies and the lack of complete re-
constitution and of cataclastie structures strongly suggest
that the messes were intruied as a series of lenses slong
the foliation of the coumiry rock rather then as a sheet
which was subsequently sheared into lemses, Sudsequent
changes gave rise %o & progressive series of rocks eul-
minating in garnetiferous amphidbolite.

The late-metamorphi@ basic roecks of the Lochindord
belt therefore contrast with the pre- or syntectonic basie
rocks of the valleys of the Spey and the Dulmain some four
miles to the SB. The Lochindord rocks are part of an un-
usual province which l1lies along the south side of the Noray
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Pirth end in which the metamorphosed basie rocks conmtain
distinet relict igneous struetures amd textures despite
the high metamorphic grade (Read, 1925; Wisemun, 1934),
fhe existence of this province athwart the Noine-Dalrsdisn
boundsry is indirect evidemce supporting the hypothesie
that the Noine ané Dalrsdisn Series were recrystallised
and folded at the same time., It is possible that the
Noray-Banff provinece iz alse distinet chemically, In
his regionel study of the epidiorites ¥Wisemsen (1934, p.392 )
considered that the epidiorites of the kyanite sone lack
biotite; in fact he conaldered thet the presence of biotite
in besiec rocks at this grede indicated a sedimentary
origin (p.397). For comperison with Bid-Strathspey the
writer exsmined thin sections of kyanite some epidiorites
from Upper Strathspey and Fortsey. inm Banffehire., Thin
sections from the former district lacked biotite; those
from the latter contained biotite end closely resembled
in meny respects the bdasie rocke of Mid-Strethspey. It
thue appears that the basiec rocks of the late-metamorphic
provinee are richer in potash than the pre- or ayntectonie
basie rocks from further south,

Sutton snd watson (1951} have given thought to
the problem of the retention, in several regions, of
originel textures by dolerites (and gebbroes) whieh have
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been variously metemorphosed %o low grade amphibelites

(sw Highlsnds), %o high grede emphibolites (Nw Highlands
aend Benff) enl to pyroxene grenulites (idelie land), They
regerd these three end-products es representative of three
of the possible types of regional metamorphism, ome of
which is metemorphism with development of Berrovian zones.
From their discussion of the nature of the types of meta-
morphism they rejeet veristion in strees ss s significant
factor and have recourse to veristionm in the "threshold"
temperature of resetion to esccount for the differemt tremds,
But sutton end Watson did not teke inte considerstion sueh
fectors as time of intrusion of the dolerites and the meta-
morphic grade of the country rocks at the time of intrusieny .
Late-metemorphic intrusioms in high-greade rocks would not
pass through the low-grgde stages of metemorphism yet they
would in 8ll prodability revert to an assemblage stable at
the temperature of the country roecks insofar as time was
aevailable before the regional tempersture fell and the rate
o resetion was grestly reduced, The higher the grade, and
therefore the temperature, of the country rocks the more the
new assemblege in the dolerite would approsch the magmetic
asgenblage of the originel dolerite. Qonsiderstion of the
time of intrusion therefore seccounts for meny of the
spparently anomslous facte, The hypothesis, however, would



be strengthened by the discovery of closely contiguous
(and recognisable) pre-metemorphic amd 1nte-metamorphic
basie roeks in & high-grade region.



{a) Introduction

The neme Grantown Group was given (191S) to a
distinetive group of metamorphiec rocks which underlie an
elongate ares in the Spey velley between Grantown in the
¥= and Broomhill in the S¥. Included in the Grantown
group was the so-celled Beinn Mhor Pelitie Group whose
menbers are so similar to rocks of the Hoine Series that -
they are omitted from this disewssion, The Geological
Survey officers regarded the Grentown Group as the equi-
valent of certain wmits in the Dalradian Seriea, then
known as the Benffshire or Central Highland Series,
Although it will later be demonstrated that the Grantown
Group ie em integral pert of the Noine Series it is con-
vehient to retain the name without ettaching stratigraphiesl
significance %o it

* The term Grantown Group was used in the Geologiecsl Survey
Nemodr (1915) by Hinxmen and 1o prefersble to the neme
Grentown Series uwsed by Anderson in the same volume to
denote the same rocks,

The rock types comprise marbles emd cale-silicate
rocks, biotite- and kyenite-gneisses, end granulitie



biotite-schista,

In general the rocks dip east, SR or south at
mod erate angles, 5mall folds and lineations plunge con-
8istently to the SR ot moderate angles, The outerops of
marble at Laggan Hill and Goldhome define a broad open
synform while the csle-silicate rocks ot Wester Lagsan
show the srch of the adjacent antiform, both structures
plunging S8. 4t Oralg Revack there i1s & broad satiform
with a steep south-western 1imb,

Marbles and eale-silicate rocks 1lie alomg the
north-western boundery of the Group and are followed east-
ward, that is, strueturally upwerds, by biotite- ani
kyanite-gneisses, above which are further cale-silicste
rocks with thin marbles followsd by coarse biotite-gneisses.
£he drift deposite of the Spey velley cover the rocks
immediately overlying the uppermest gneisses, The rocks
sbove the gneisses are very poorly exposed and, in most
parts of the srea, after & considerable interval typicsl
rocks of the Moine Series outerop to the easst,

Detailed mapping of this Group om the 6-inch
scale chowe thet some revision of the Geological Survey's
1-inech Sheet 74 and unpublished 6-inch sheets is necessary,
In particular & mew srea of cele-silicate rocks and merble
hes been discovered om the ¥W slope of Craig Revack on the



east bank of the River Spey (see Pig.6, end pocket).
(b} Peld Relations

1. liarbles and cale-silicate rocks

Harbles and cale-silicate rocks ere oxposed in
seven discrete tracts within the area, accurate correlation
of outerops from one tract to snother is prevented by the
mentle of peat and drift lying between the traects,

The paueity of caleareous rocks in this part of
the Highlands has resulted in every marble outerop having
been worked for agrieultursl lime in the paet, Exposures
are therefore slways in quarries or pits, In gemersl the
marbles are interbanded with greem cale-silicate rocks,
the bands and lenses of merble varyinmg from a few inches
to about 20 feet im thickness, Individusl bands can de
traced for as much 88 400 yards slong the strike, as at
goldhome Quarry, where the thickest visible merble in the
ares has been wrought, .

A small lens of marble is indiceted on the Survey
l-inch map at & point on the east side of the Glenbeg Burn
800 yards due west of Grantown West Station, Despite an
intensive search no outerops were seen at or near this
locality.

Goldhome The Survey, on the l-inch Sheet 74,
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indieate &% Qoldhome Wuarry three beds of merble surrounded
by predominsntly pelitie recks. During the present study
it wes found poseible to mep fouwr dictinet beds of marbdble
enclosed in ond separated by beds of esle-silicate rock smd
not pelitie rock as mepped by the Survey. The nesrest ex-
posures of pelitie roecks are 200 yarde SE of the quarry.
Leggen Eill 4%t Ieggen Hill two superposed
bands of marble, each 6-10 feet in thickness, are found,
These are again over- and underlain by cale-silicate rocks,
not pelitic gneisses es on Sheet 74, Here the foliatiom
dips south end kyanite-gneise first oeccurs 30 yards south
of the maerbles., To the morth of the marbles, om the IW
alope of the hill, &1l the exposures ere of cale-silicate
rocks ezeept for & narrow strip of kyenite-gneiss not
shown on the Survey l-inch Sheet, The exposures west of
Laggen Hill snd north of Coldhome are imsufficient to
Justify the large tongue-shaped outeroep of cale-silicate
rocks which is reputed %o 1lie there. To the east of
Laggen Hill the survey map shows an area of pelitic rocks
with a smell rectangular area of quartso-feldepathie roeks
of Noine type, at its ecsstward end. Pelitic rocks are
elearly seen to 4ip under the cale-silicate rocks, but
above the latter mo trace of pelitic rocks has been dis-
covered, Semipelitic gramuliftie rocks are exposed over a



emall trisngular srea and are epparently inter-banded with
the neighbouring cale-eilieate rocks, The folistion planes
ere parzllel in both reck tyres. One presumes that this
avea of semipelitic roeks represents the roeks of Noine
type shown on the Survey mep, PFurthermore, thin bande of
cale-silicate voek occur in the pelitie sneisses low down
on the east side of the hill, thus emphasising the inter-
ealation of the two roek types.

Achnsgonslin  On the east bank of the River
Spey at Achnagonalin Quarry e bamd of fairly pure merbdle
ebout 20 feet in thickness wee formerly worked, but the
workings sre mow filled by water and debris. The gramulitie
biotite-schist which overlies the marble amd dips SE st 30°
is not indicated on the 1-inch Sheet,

Gaich Wood Along the north side of Gaich VWood
the sSurvey officers mapped a single thin band of merdle
dipping southwards and overlain by a belt of cale-silicate
rocks whose outerop is 200-300 yards in width, the southern
part of the wood being wnderlain by an wnbrokem tract of
pelitic gneisses. Re-mapping indicates that in Gaich Woold
there are two distinet bands of marble, each about 5 feet
in thickness, The more northerly cam be traced for 600 feet
along the strike end the other band for 500 feet. Hach
marble has csle-silicate rock above and below it to a width



of some 400 feet across the strike, Separating the two
caleareous belts ure coarse kyanite-gneisses, whose out-
cerop is about 200 feet in width, while the upper calearsous
rocks are overlain by coarse biotite-gneisses comtaining
eyes and lenses of pegmatitic meterial, A bresk in ex-
posures separates the lower calcereous rocks from the
kyanite-gneiseses of Laggen Hill to the v,

Wester Leggan At the farm of Veater Leggan
bands of marble were quarried., On Sheet 74 two bands are
indicated, enclosed by pelific rocks which are ilmmedistely
succeoded eestwards by cale-silicate roeks, The present
stuly has showm that here three bands of merble exist, each
being bordered by cale-silicate, mot pelitie, rocks,
Horeover, BW of the merbles end dipping Delow them end
ebove the kyanite-gneisses of Finlerig Wood, an sres of
distinetive greenich, micaceous and intensely erumpled
rocks can be mspped,

Between Wester Leggen end the south emd of
Pinlarig wood the Survey indicate am srcuste belt - inter-
ealated between pelitiec rocks - of csle-silicste rocks with
& ewrving outerop convex to the south, The western end of
this arcuate belt cen nmow be shown to difurcate, the
structurally lowsr but topogrephicslly higher extemsion
consisting of the distinetive micacoous roek wentioned
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shbove., This is separatel by coarse biotite-gneiss frem
the strueturally upper extonsion of green cale-silicate
rocks whieh, by virtue of the configuwration of the groumd,
curve abruptly south before the seattered outerops die out
to the weet,

¢raig Revaek Pinally, on the north-western
slopes of Qraig Revack a new area, about 8 acres in extent,
of ecele-silicate rocks and merble has been discovered snd
mapped, In the Memoir on Sheet 74 it i® noted that "on
the lower slopes of the hill [Oraig Revack] the roek hss
e gressy feel, possibly dus to the presence of tale,” (p.28)
buring the revieion it wes found possible at this loeal ity
$o mep impure warble, medium to coarse grained, banded
green esle-silicste rock, and fime grained greonish gramul-
itic schist, Those rock types underlie & roughly trismgular
area bounded to south and esst by coarse pelitic gneise
end gremite, amd to the By by drift deposite, Along the
south-western margin of the triangle the foliation is
verticsl in both cale-silicate rocks snd bounding gneisses,
and trends SE, Along the esstern margin the csle-silicate
rocks dip gently SE beneath the gneisses, On the north-
wostern side of the triengle numerous very thin bands of
impure marble are seen to be intercalated in the cale-
silicate rocks, in which are also founmd the fine graimed



greenish schiste wentioned ebove. The Joints in the marble
bande sre intemsely slickensided in meny directions, At
this loeelity, so novhere else in the ecele-silicate rocks,
there ere small concordant veims snd lemses of quarts.

2. Blotite- snd kyanite-gneisses

Pelitie rocks are found in five of the tracts
named in the previcus sub-section. Coarse diotite-gneisses
aere confined te the southern tracts of Wester Laggan, Gaich
end Revack, while kyanite-gneisses are mainly found in the
B of the Group.

South of the River Dulmsin the Geological Survey
MampmodmiihrnhMMnm
divides at ochreir inte three branches mmtuslly separated
by siliceous Moine rocks. The essternmost branch is wider
than the others end extends further to the south, The
writer's detailed mapping shows thet near Ochmoir three
horizons of garnetiferous biotite-gneiss dip SE conformebly
with the surrounding quartzo-feldspathie gneiss. There is,
however, no evidence either to confute the smggestion that
the pelitile rocks are normal intercalations in the Noime
Series, or to support the idea that the pelitic outerop
widens nérthwards. The ares 8t Oclmoir where the wide
eastern outerop shown by the Survey should be loceted lacks
exposures, Noreover, at Toum, where no pelitiec rocks are
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shown on the 1l-inch Sheet, there is a considerable outerop
of garnetiferous biotite-gmeiss,

At the auarry of Broomhill, also south of the
bulnain, there ere medium grained gramulitic biotite-gneisses
which slso closely resemble typicel rocke of the loine Series.

The arguments presented by the Survey to suppert
the comtinuation of the Grantown Group south of the Dulnain
depends on the sssuwed continustion of the recks for a
Gistence of two miles over ground deveid of exposures, amd
on the supposed lithologieal similarity of the roeck types
north and south of the river., The pelitic rocks at Broom-
hill end Ochnoir sre not of & "markedly different type”
(1915, p.27) from the rocks of the Moine Series, ss was
naintained by the Survey. There is, therefore, mo justifi-
cation for separating the pelitic rocks south of the Dulnein
from the loine Series proper,

in pinlarig Wood smd slong the southern slopes of
Leggen Hill, a8 previously nmoted, the outerop of kyanite-
gneisses 18 more restricted than that mepped by the Survey.
On the Ng side of leggen Hill the foliation in the nsrrow
east-weat outerop of pelitic gneisses dips SE. Zyanite-
gneiss hes been mapped in Seich Wood, the outcrop seldom
being more then 200 feet wide seross the strike,

At Oraig Reveck, oubtwith the grenite end the wedge



of cale-silicete rocks, pelitie rocks slome have been
mepped. Pelitic roeks in the most essterly exposures
tend to De less coarse in grain than on the rest of the
h11l, Roeks of the ususl Moine type have not been ob-
sorved on the ground immediately esst of the hill, Well-
exposed pelitic gneiss at the gate of Revack Lodge suggests
that the outerop on the l-inch mep could de extended some
200 yardas to the morth, There is 1little Justification fer
the welge of pelitic rocks marked by the Survey as extend-
ing Sy from the hill, The area thus mapped was then and is
now entirely cultivated,

Near pulnainbridge there is, on the north bank
of the Dulnein, an elongate ares of exposed rocks, merked
pelitie on the l-inch Sheet, in vhich it has been found
possible to map three roeck types., The rocks dlp southwards
8t molderate angles., At the western end of the Dulnainbridge
Plantation and 1000 feet up from the mouth of the Fimlarig
Burn there ere coarse pelitic gneisses of the same type as
those seen between Dulnainbridge and Revack, three miles to
the east. The coarse peliftic gneisses @ip beneath and grade
into medium grained pelitic gmeisses which ecen be traced in
en sast-west belt from Dulneinbridge slmoet to Muekrach
Lodge, Above these, in the bed of the Dulnain and a 1ittle
to the north, there 1lies a parrow belt of semipelitic



flaggzy gneisses of typical Moine type., The distance
acrons the atrike between this last rock snd the coarse
gneiss strueturally below is sbout 200 yerds, Ulevefore
the grein size of the pelitic rock decresses markedly both
upwerds and outwarde from the cale-silieate rocks. This
decrease is illustruted in Plate XI.

(e) Retrogreply

1., Previous work

Previous petrogrephie descriptions of rocks from
the srea have been brief, In the Geologicel Survey lemoir
(1915, p.27) inderson, on the evidence of hemd specimens,
@ivided the cale-silicate rocks inte coerse tremolite rocks
end grapulitie zoisite-beering rocke corresponding roughly
to two of the four divisions listed in the following para-
graph, Flett, in the same volume (p.53), deseribed the
minersl content of the eale-silicate rocks of Leggen H111,
These roeks are rich in tremolite-actinolite together with
vhite sugite (malacolite), phlogopite, epidote, zoisite, :
sphens, quertz, alksli feldspsr, end some carbomates, Nore
recently williams, Turner and @ilbert (1954, p.239) used e
merble from the Grentown Group comtaining caleite, quarts,
biotite, clinozoisite smd sphene to fllustrate o typieal
marble of the smphibolite faeies,

o
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2. Petrography of the cale-silicate
bearing rocks

The eale-silicate roecks of the Grantown Group
esn be subdivided into four types, recognisable in hand
specimen and distinctive in thin section, They are (a)
impure merble, (b) micaceous type, (¢) gramulitic type,
and (d) smphibolitic (end diopsildie) type. These types
represent compositional variants of the original sediments
(p, I/l ) and it 48 not therefore surpfising that the
types grade into each other, The distinetions amd grad-
atione are well seen on the trismgular disgrem (Pig, 7)
on which sre plotted modsl analyses of the rocks. In
particular the boundary between the granulitic type and
the amphibolitic type is rather erbitrary. The micaceous
and calecareous types are more distinet both from each
other and from the two foregoing types. It is possible
to find two of these types interbanded in the field,
individusl layers ranging in thickness down t¢ 2 few mm,
gach such layer has, however, & diatinetive minersl
assemblage, MNodel smalyses have been made on slides
which eontain ome type only.

A. lmpure marbles

In hand epecimen the impure marbles are compact,

medium grained, banded rocks, The minersl banding probably



lodal anslysis of impure merble, Coldhome Quarry,
bulreinbridge,

ﬂ! section no, 173

galeite

Phlogopite 9
Tremolite 25
biopside 4
Aeeessory

Pointa counted 1800




represents original bedding, Although weathered surfaces
are usually buff in eolouwr, fresh surfaces are pale green,
grey or buff, the cale-silicete minersles sre in prominent
thin barde. The only dark mineral which can be recognised
with confidence is a bronzy mica cccurring im thin layers
or in small flakes scattered throughout the rock., Some
specimens have & mies lineation,

Caleite is the main comstituent of the rock,
fhe crystals tenmd to be elomgste, with e maximum length of
1.5 mm parallel to the foliation, and are usually well
twinned (Plate Xvii). Oecasionally comcordant thin bends
of very fine grained equigranular caleite are found; the
larger crystals in these bandse have bent twin-lamellse.
The bands are probsbly due to slight cetsclasis st a low
temperature; they occur in a heavily slickensided roek (p.82)

Amphibole is mormelly present in varisble
proportions, whiech, however, execesd the proportion of
diopside., The crystals are colourless end show good
prismetic form, erose-sections being up to 0.4 mm in
diameter. The lerger crystals are poikiloblastie, while
the amaller are arranged in strings and clusters in the
celeitic matrix, leasurements on the Federov 4-axis
Universal Stege indicate that the opticsl properties are
not constant even in the seme thin-section. The average
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velues of 2vs and 35 . ¢ (Table 7) correspond with the
tremolite eited by Wimchell (1951). (see also Pig.8.)

Eyroxene 15 normelly presemt in veriable pro-
portions. The crystals are colourless and roughly equi-
u-mzm. q“lbnmstﬁﬂthw.n-
lines; they ere sometimes poikiloblastie, The smaller
erystals are in strings or closely clustered agsregates.
¢losely spaced (100) eleavages are common in the erystals
of rocks characterised by the occurrence of shear dands
in the caleite matrix,

While repeatable for any one erystal, values of
2vs and 3\ ¢ vary from one erystal to smother within a
single speeimen (Table 7); when plotted against each other,
however, the values are seen %o have & linear relatiomship
over & considerable range (Pig.9). The values indicate a
range of composition from diopside to hedenbergite.

Hica is ususlly present im emell quantity. The
erystale are pleochroic with X = colourless; Y = § = pale
golden brown, They are not merkedly tebulsr, their lemgth
being rerely more tham 0.2 mm, In some rocks they oecur as
isolated crystals, in others they form smsll clumps end
thin layers, In compesition the mica is probably a
phlogopite. :

Clinosoisite, occurring ss colourless, xenoblastie



TABLE. 7

tmiverssl stege data on the pyroxenes snd emphiboles
of the impure marbles.

Thin section no, 173 173 371
emphibole Pyroxene
gV B .¢ gz 2 .¢ ave. I ,.e

|

86 18 52 36 70 50
90 27 0 50 84 81
96 16 60 45 66 47
68 45 % 36
average FI__ ¥0 B Vi

173, ¢oldhome QuRrry, Dulmainbridge.
371, Teot side of Craiz Revack,



erystals, is usually foundi in emall quantity. (Cleavage

is poorly developed in the erystals, which meldom exceed
0.4 mn in length eand show anomalous bdlue interference tints.
In bands rich in cale-silicate minerals elinosoisite tends
%o be interstitial,

‘ Hicrocline is ogeasiomelly found in thin layers
as a grenoblastic mosaic of equidimensional grains up to
0.4 mn in diemeter.

Accessory minerals comprise smell xenoblastie
erystels of pyrite and, more commonly, well-formed smell
erystals of sphene which shows pleochroism from Z = pale
pinkish brown to Y = nearly colourless, and smaell erystals
of quarts,

B. MNicaceous cale-silicate rocks

These rocks are well-foliated, grey-green, faintly
eolour banded and gemerally rather fime grained, end commonly
show small folds and ecrumples even in hand specimens, Nica
plates, amphibole needles, quartz rods and emell folds form
& parsllel linear struecture im the rock, OCaleite has not
been found in this type., (See Plate XI1X.)

lea (33-42¢) is common to abundant inm all
specimens (¥ig.7). The tabular flakes vary from 0.1 mm %o
1.2 mm in length, the larger erystals being more platy then
the smeller. 7The pleochroic scheme is: X = golourless;



Hodal anslyses of miceceous eale-silieste rocks,

Thin seetion mo, 91 242 468
Phlogopite 4 4
Tremolite ag a‘g g
Quarts - 20 15
Plagioclese - 1 £
Acecessory 0,5 - 1

Points counted 1200 1300 1700

21. ¢ale-silieste roek, 300 yards south
of paster Laggan Farm,

242. cale-silicate-schist, 150 yerds BV
of wester Laggen Fsrm.

468, oale-silicate-sehist, 350 yerds west
of wester Laggan Perm,



Y.i = pale golden brown, MNeasurement on the Universal
gtege shows that there is optiec axial darkness over a
range of 8-9° suggesting e value of 2Vs elose to this
figure. BErxtinction 18 straight, psrallel o the cleavage.
In composition the mica appears to be c¢lose to phlogopite,
In some specimens the micas oeccur in rod- or lens-shaped
eggregates while in others the erystals temd %o form &
continuous micaceous 'metrix’ to crystels of other mimerals,
Amphibole (43-5%) is slways present in rocks
of this group, the proportion varying inversely to that of
the mica. The amphibole forms colowrless crystals which
are normelly needle-shaped with good prismatic form, Cross-
sections ere up to 0.3 mm sercss; longitudinal sections
heve & meximum length of 1.0 m,* @rystals sre normelly

* In all the amphibole-bearing rocks the smphiboles are
needle-shaped. Therefore throughout the thesis the meximum
dimensions will be given by the siszes of the largest eross-
section and the longest length,

too smell for messurement on the Universal Stage, but twe

large erystals gave the veluee:
Thin Section 91 Average
273 104° 104° 104°

i,¢ 23° 21° 22°
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m (0-20¢) 18 occesiomally presemt, The
erystals are equidimensiomal, interstitiel, lack undulose
extinetion and are rarely as much 8 0.4 mm seross,

Plagioclase (0-8¢) is sometimes present, as
erystals laeking good form and ususlly sbout 0.1 mm in |
diameter, MNost of the crystals are dusty and sltered to
secondary miea, but in ome fresh exsmple the composition
was eatimated at um

iieroeline 1s seldom seem and them only in
small quantity, the erystals being xencblastic end sbout
0.1 mm servss,

Several specimens contain up to 10f of a colour-
less chlorite in small flakes wp to 0.3 mm in length, The
birefringence is low, with meen R.I, about 1.60; the
erystals ere length-fast and show ome good clesvage and
straight extinetion,

Accessory minersls include the following:-
mse¢ovite in aggregates of smell flskes; sphene as small
rogged erystels; emsll ragsed eryotale of irom ore, some
of which cen be identified 25 hematite; grephite ss small
flekes occasionglly incluled in the amphibole; and sparse
apatite in small idioblasts,

¢. Granulitic cale-silicate rocks
In hend specimen these are compact grey or green



TABLE 9
liodal snalyses of gramulitic cale-silicate rocks,

Thin seetion mo, 107 177 231 232

thinm
P )
Wieroceline
Phlogopite
Huscovite
Tremolite
wpidote
Aecessory

&
a1 ek

16688
Glro iy

Points eounted 1100-1300

107. ¢ale-siliecate roek, 350 yards
T¥ of top of Crais Revaelk,

177. cale-siliecate roek, 350 varde
88 of top of lLaggem Hill.

251, cele-silicate rock, 350 yards
W of Revack Lodge.

232, Cale-silicate rock, same
locality as 107 sbove,
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rocks, well banded but imperfectly foligted, with elter-
nating light end derk bemds, Smll folds snd erumples sre
seldom seen, The rocks are fine to medium in grain, and
nica, quartz end needle-shaped emphibole can be recognised
with the hand lens. Where the amphibole erystals are con-
spicucus, they ere seen to Yorm & lineation, The model
anslyses (Table 9) show the wide variability in the abund-
ance2 of even the main constituents,

Quarts (3-43%) is elwaye presemt, It forms
oquidimensional granules which lack undulose extinetion and
are uwp to 0.2 mm in diameter,

Plagioelase (0-26¢) forms emell xenoblastic
erystals with & maximum dismeter of 0.4 mm, while in & few
specimens poikiloblasts up %o 1.0 mm across oceuwr sparingly.
The erystals are equigranular, commonly altered to mice or
dusty materisl emd twinmed om the albite law, the twin
lamellse being relatively marrow, MNeny erystals show patehy
albitisation both at the edges end in the interior., Paint
continuous soning is sometimes vieible, Two specimens gave

a composition of about u“.

Microcline (0-24¢) 1s not present in every
specimen, The erystals are xemoblestie, interstitiasl and
irregular in outline, few having s diameter above 0.5 mm
end nome above 2.0 mm, The larger crystals temd to be




TABLE 10 \

tniversal Stage date on the smphiboles of the gran-
ulitic cele-ailicate rocks,

Thin section mo, 294 366
s 3Z,.e¢ 2vs Z,¢
0T 23 1085 18
108 24 108 22
104 19 108 8
Aversge 28 v

* chis plecchroic scheme is much the more
sommon ,
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poikijoblastie, In rocks with a high content of miero-
¢line, perthitic intergrowthe in the form of very thin
stringers of slbite in the microcline are found.

Mles  (16-345), probebly phlogopite, is slwsys
present, The tabuler erystels have & maximum length of
0.3 mm, their plecehroic schems being: X = colomrless;

Y,4 = pale golden brown or pale olive-brown, The crystels
are too smell for measurement on the Universal Stage. Where
amphibole is abunlemt the mica crystels ere moticesbly more
ragged than is ususl,

smphibole (0-457) 19 usually present, The
erystals aro idioblestic with 2 meximum size of 0.7 mm in
eross-section amd 2.5 mm in lemgth, Tho larger erystels
tend to be polkiloblastie, WNessurements mede on the Uni-
versal S%tage show the amphibole to have the composition of
sodie tremolite-actinolite in sccordance with the blue-green
shade seon in the more strongly coloured crystels.

Epidote (0-24¢) ie mearly always present, the
proportion deeressing almost to sers in rocks rich im
amphibole. The epidote forme hypidioblastic or xemoblastie
erystale, up o 0.2 mm in eress-section end 0.5 mm in length,
which are colourless or very pale yellow (Plate XIX ). The
birefringence and 2Vz are high; the mineral is opticelly
negative. Simple twins are occcasionally soen. In one



TABLE 11

Nodel enalyses of amphibolitdic and diopsidie cale-

Thin section mo, 96 175 205 298 pe9 355
Higotsos & 3 B 2 B i
L e e B
z:v-nu 75 i{ 48 60 54 7:
D e - z - - -
nat'a 13 1 - - - 6
¥uscovite 1 - - - - -
Acecessory 1 - 2 1 -] 1
Points counted 1200-1700
98. ocale-silicate rock, 200 yerds S¥ of top
of Leggan Hill, _
175, oale-siliecate roeck, 100 yards north of
coldhome Qusrry.
205, cele-silicate rock, 150 yerde ¥R of top
of gaieh mill,
228, cale-silicate roek, 500 yards MW of top
of Oraie Reveck, :
289, gale-silicate rock, 400 yerds Sy of
Revaek Lodge.
355. (Cale-silicate rock (diopsidiec band),

same locality ss 228 sbove,
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example the epldote crystals ad jacent to accessory pyrite
are greenish-yellow smd strongly pleochroic whereas the
epidote elsewhere in the slide ie colourless.

The most abundant sccessory minersl is sphene.
The idioblsstie eryatals sre up to 0.7 mm in length end
oceur in elusters. The larger erystals are plecchroic from
pinkish-brown to colourless. Very small quantities of
muscovite in sparse short shreds are found in some specimens,
Iron ore is seldom encountered; where found it is usually
pyrite in small xenoblastic erystale., Small idioblastie
needles of apatite oceur sparsely.

D. amphibolitic end diopsidie
cale-silieate rocks

&lthough in hand specimen the amphibolitie rocks
are the most typical send distinetive of the cale-silicete
bearing rocks the modal amalyses show & gradational change
towards the granulitic type (FPig.7). In hand specimen the
rocks ere compact, evenly bended, the bands being mainly
green but elso grey, white and occasionally pink, The grain
8ize varies from fine to coarse. With the hend lens fidrows
apphibole 15 easily recognised together with mica, feldspar,
quartz and occasionslly spheme, The amphibole needles, up
e 10 mm long, usually form & linestion,

The amphibolitic rocks contain occasional per-
sistent diopsidic bands up to three inches thieck., The bands



TABLE 12

Universal gtage date on the amphiboles of the amphi-
bolitie cele-silicste rocks,

Thin section mo, 98 110 175
Z, e Z.e 2 B
T A e
98 18 92 i8 108 1?7
102 16
Thin section no, 204 362
2V 2. 2V 3¢
108 If 08 17
106 22
100 18
108 16




which form only & smell proportion of the rock - are pale
green or white inm colour end are parallel to the folistion
of both the cele-silicate rocks and the enclosing mica-
gneisses (p, 81 ) snd %o the contect between thewe two rock
types., A typicel modal smalysis of one of these bands i
given in Teble 11 (355! and & photomicrograph in Plate XXI,
The constituent minersls have the same opticsl properties
and texturel features as the minerals of the smphidolitic
rocks and a separate petrographic deseription is therefore
unnecessary . '

fhe teble of modal anslyses (Table 11) shows the
rocks to be poor im mices but gemerally rich in feldspar
end sometimes in quarts. _

Amphibole (47-75¢), the characteristic mimeral
of these rocks, is alweys present and its proportion is
only low where pyrozene is very high., The crystels aere
generally idioblastie, especially the smeller ones. ibove
1.0 mm long - up to 6.0 mm long - the erystals are xeno-
blastic and tend to be poikiloblastie., The needles normally
lie in the foliation plane, but are occasionslly oblique.
Siaple twins ere rare. Some erystals are colourless but
the ma jority have the pleochroic scheme: X = colourless;
Y,4 = very pale green, Thirteen erystals were examined on
the Universal Stage. 2Vs varied from one erystal to another



TABLE 13

Universel ahpllhntbwnmmi-
bolitie amd diopsidic cale-silicete roecks,

Thin seetion mo, 175 204 385
2V 3.0 Wz 3.
46 80 38
39 52 36

45 57 36

o8 =t

d sas 3
o 2 %

56
50
68

.




over the range 88° to 110° emd % ,e¢ from 10° to 24°. Wwhen
2vs is plotted sgainst 4,¢ there is & scatter of points
sround 2Ve = 102° end % , ¢ = 17°, values which sugzest e
meen composition close to sodic actimolite (Pig.8). (See
also Plate XX ,.)

Eyrozens (0-214) ie eeldom present, the erystals
being colourless in thin section, The size of crystal varies
from 0.1 mm to 3.0 mm, the emaller being hypidioblastie
whereas the larger have a poikilitic xemoblestic habdit, Nemy
of the larger crystals can be seen to be formed of a mass of
smll interlocking xemoblasts with almost the same optical
orientation, It is not clesr whether the poikiloblasts are
breaking up or forming by ageregation, Jlosely spaced (100)
cleavages are common in meny erystals,

bata from the Universsl S8tage on 10 crystals show
@ wide range of velues, 2Vz varying from 48° to 70° end 3 ¢
from 36° to 49°. As shown on Fig.9 these values ere in two
concentrations around Vs = 55°, % , e = 38° and 2Vs = 67°,
& € = 47°, corresponiing to compositions of diopside and
hedenbergite,

Plagioclase (6-235) is present in variable pro-
portion, In most examples the mimeral is completely sltered
to secondary mica, dusty materisn) emd occasionnl caleite.
Crystals lack good form emd are !ntemtitm; they vary in



PABLE 14

Universal Stage date on epidote ninerals, amphibelitie
om—uﬂuﬁo

rocks,
110 355 362
2vs 5001 Vs 32,001 g2vs 8,001
104 28 94 24 108 23

104 23 88 =20
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gizge from 0.1 mm (equidimensionel) €0 0,7 mm (poikiloblastie).
gince fresh crystals are rare it wes possible to measure the
composition accurately in only two specimens: in,. snd an,,.

llerocline (0-225) 1s found 4im about half of the
specimenc, i1te sbundance being unrelated to that of the other
minerals, incluiing plagioclase, The erystsls are inter-
stitial or poikiloblestie, and are occssiomally up to 4.0 mm
across but normally ere about 0.5 mm, Patches of secondary
mice in the microcline suggest thet the latter originally
contained pla’gioclese, i.e, wes perthitic,

Epidote minersls (0-13f). Both epidote (-jhigh
birefringence) amd eclinozoisite (+, low snomelouvs bi-
refringence) sre found, sometimes in the same thin section.
Crystals of both minerals are colourless or & faint brown.
Those of clinozoisite ere gemerslly small and interstitiel,
but larger ones - exceptionslly wp to 1.0 mm - tend to be
more irregular in outline., #Himple twins are rere. The
engle 5 , (001) was measured on the Universal Stage for
seversl crystals snd the velues remged from 18° to 20°.

The epidote erystels, also up %o 1.0 mm long, are more
varisble in size and sometimes show hypildioblastie form.
leasurement of five crystals on the Universal Stage shows
that 2vs veries from 94° to 108° end the % , (001) from 23°
to 26° (7able 14).



quarts (O-24¢) is ususlly presemt, Nost of
the eryatals are amall and equidimensional ami, apart from
a fow of the larger erystals ( D> 0.5 mm serdss) which sre
strained, they lack undulose extinetion, Exceptionally the
aduarts erystals rM 1.5 mm scross, and in ome thin section
were found to contain thin fibres of rutile.

Hiea (0-7¢) is sperse end is wsually found in
thin layers in the rock, The erystals are smell, thiek
plates up %o 0,5 mm long end huvo 8 pleochroic scheme:

i = eolourlese; X,Z = psle golden brown, pale red-brown
or pale brown, Whenm in thim layers the mica tenis to slter
to & very pale green chlorite with low normel birefringence,
luseovite is fourd occasionslly im clumps of small erystels,
Sphene, pleochroie from pinkish-brown to eolour-
lees, is the moot common aceessory miveral and ususlly oecurs
es small idioblestiec erystels (0,1-0.5 mm) but in the coarse
rocks larger ragged 2rystals (%o 1.0 mm) ere found, Some
heve cores of rutile. Iron ore is sparse, and forms smell
interstitial erystels which caon sometimes be identified as
pyrite, Inberstitial celeite is sometimes spersely present.

The chemicel composition of these csle-silicate
rocks hes been summerised (s om p.47) snd contraste with
that of the esle-silicate 'grenulites’ thue: silica)) lime),
magnesis ) irom oxides ), slumine ) potash ) soda, Notably



T4BLE 15

Hodel smalyses of kysnite-gneisses,

Thin section no, 98 338
g :ehu - ‘§
B}:gto 27 42
M‘.' m - "

b - 19 4
Kyenite 11 5
Aecessory 3 1
Points comted 1500 1800

98, kyenite-gneios, 450 yerds
UEW of master lapggen Parm,

338, ite-gneiss, s
“Rortn of top 6¢ gaten



the alksli ratic is reversed, alunina is mueh lower and
8ilica is alightly lower, while the basic oxides have in-
ereased in proportion.

8. Petrography of the pelitie rocks

In hand specimen the pelitic rocks can be divided
into: (&) kyanite-mice-gneisses without quariso-feldspathie
layers snd lemticles, end (b) mice-gneisses with marked
quartzo-feldspathic loyers and lenticles, The latter are
found immedistely SE of the Revack-Gaich-Wester laggan belt
of cale-gilicate rocks and merbles in & zone verying from
250 yards wide across the sirike at bulweinbridge to over
6800 yards at Revack,

A. Kyanite-mica-gneisces

fhese rocks are coarse grained amd flaky with
large plates of biotite amd muscovite prominent om the
ervde foliation plares, Om weathered surfaces elongate
prisms of blue-grey kysnite are prominent, The prisms,
which have a meximum length of 50 mm, generelly lile roughly
sub-parallel to sach other im the pleme of ths foliation
forming a crule lineation, 2he biotite-gneisses essocisted
with the kysnite-gneisses differ only im absence of kyanite,

Biotite (27-42{) is slways present in flskes up
to 3,0 mm seross, but uwsuslly mueh smaller. The pleochroie
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scheme 13: X = pele yellow-brown; ¥X,.Z = rich goldem
brown, Alteration along the cleavages is common, resulting
in & pale green chlorite (with low mormsl direfringence) snd
minor smounts of irom ove,

Buscovite (8-19¢) oceurs commonly ss plates
which sre relatively thicker than those of biotite and reach
a maxipum length of 2.0 mm, JNueh of the muscovite, however,
forns either sheaths of small ¢rystals swrrounding the
kyanite or oveid to sub-rectanguler petches (the shimmer-
sggregate of Barrow) probably completoly replacing kyamite.
guch wuscovite has Deen recorded o8 secondary in the medsl
anglyses (Peble 15). Some thin meedles suspected to be
gillimenite were observed in the eggregates but their iden-
tity could not be confirmed,

Eyanite (5-11f) oceurs mainly as bleded erystals,
uwp t¢ 3.0 mr across emd 350 mm long, which are usually well
formed end surrounded by thin sheaths of smell muscevite
eryetals, One example comteins kysmite which tends to be
spongy and peikiloblastic, each erbayment containing its
complete muscovite sheath (Plate XXI), Further, in this
exsuple the varts of the spongy erystal are not quite im
optical continmuity, wp to 12° difference being seen in the
extinetion positions of the different partas, The minerals
oceurring in the interstitial spaces of the spongy kyenite
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erystals are much smaller in grain eise then the crystels
of the seame winersls in the mess of the roek.

SQuartz forms about 407 of the rocks, The
erystals lack good form, are up %o 3.0 mm long snd avre
6lightly strained. Intergranular boundaries are smooth
end unsutured.

Plagioelase (uwp to 3f) 1s uwsuslly found in the
varieties which contain spongy kysnite, The crystsls are
interatitiel and xzenoblastic, up to 4.0 mm long. They tenmd
to have mmall rounded inelusions of other minerasls, per-
tieularly quarts, bilotite snd muscovite, The erystals svre
frosh ani well-twimned with relatively narrow twin lamellse.
?he composition range is n” to “ﬂ’

Aecessory minersls have not beem observed to
exceed 35 of the rock., Towrmeline is the moat commen,
oconrring in ifdiomorphie pleochroic olive green prisme up
to 0.2 mm long, The absorption scheme is 0 DE., Smell
ecolourless erystals of garnet up %o 0.3 mm in dicmeter
aere founi im some specimens; and sparse ragged crystals
of iron ore, probsbly libersted during the alterstionm of
bilotite, slse ocour, Smell idioblests of rutile, apetite
end zircon complete the list of aecessories,

B. MNica-gneisses
These rocks are coerse grained snd dark grey im



TABLE 16

¥odel analyses of mica-gneisses and schists,

Thin section mo, 108 380 455 457 201

guarts 30 34 37 33 17
rhgocmo 21 25 8 35 41
Biotite 17 14 29 17 38
puseovite 20 29 15 -
Accessory 3 4 4 - -
Pointe counted 1500-1600 in each cese

108, wice-gneiss, 400 yards SE of the top
of ¢graig Revaelk,

360. wmica-gneiss, 350 yards W of the top
of graig Revack,

455, wpice-gneiss, top of Gaich Hill,

457, Mpica-gneisa, 100 8 up from the
mo of the ¥ Burn, Dulnain-
bridge.

201, Biotite-sechist, sbove merble, Achna-

gonalin Guarry.
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colonr, crudely felisted smd somotimes faintly banded.
The barding i3 probably originsl and is not slways parallel
to the foliation (see p. 162). The foliation surfaces are
irtensely rough end crumpled, HEuscovite, biotite, querts
and feldspsr ecan be distinguished with 2 hand lens., The
rocks typically centein lemses, pods and thim layers of
eoarse quartzo-feldspathic material (Plste XI).

on the scale of an exposure the rocks sre ssldom
without rods ond lenses of quartz and pegmatite, or in-
folded narrow discontinucus pegmatites, The pegmaetitic
parts of the rock are usually concordant with the foliation
but erose-cutting examples up %o two feet in width are seen.
The cusrts rods are up to 1 foot by 2 feet in cross-section
(plate V) while the concordsnt pesmatite sheots range up to
3 feet in thickmess., the mergins of some infolded pegmatites
ere richer in mics thsmn the country rock (ef. Plate X and
Greenly (1923), Figssse),

f£he resulting rock sssemblage (Flate VI) is unigue
within the eres erd indeed among the Moine Series of ean ex-
tensive pert of the Highlasnds, The rocks show remarkable
eonsistency ir mods) cormposition, spart from the schist
vhich overlies marble at Achnagomalin (fable 16).

Suscovite (15-297) is commonly in parallel
growth with biotite, over whish it predominates slightly
in most specimens (Plate XXII), The plates sre well-formed,
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up to 3.5 mn long and are uwsuslly thicker them biotite
erystels of the same aise in the roek, The crystels sre
cften bent, sometimes through angles of 20-30°, The total
mica conbent (32-5i¢) is heve eufficiently high for con-
tinuwoua layers of mica $o have developed threugh the roek,

Biotite (14-36¢) forms plates up to 2.5 mw long,
which ere ucuwslly well-erystallised, even arcund the crests
of small folds, DBent cryetels sre oeccssionslly foumd, The
- 2maller crystals tend to be irregulsr in outline, dowe
plates which appear lerge in ardinsry light sre aﬁuily
composed of severzl crystsls in parallel growth, In general
the larger crystals are lese irregular in ocutline than the
smaller. 4Yhe usual pleochroic scheme ia: X = gtraw yellow;
Y,8 = dark brown or olive~brown, The most common slteration
produete of the biolite are chlorite (with anowslous purple
interfereounce colowrs) and leéser smounts of irom ore. Im
Some ¢lides the alberstion of biolite ia comple te over small
areas.,

querts (17-39L) hes two modes of occurremcs, e

large xenoblestic erystalis up to 3.0 mm long with prominent
undulose extinetion, The erystels temding to be elongate
parallel to the folistion; and ss swall equidimensional
erystals up o 0.7 mm scross, usually forwming & granoblestie
wosaie over areas of the same size as crystals of the first
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type. These small crystals lad: undulose extinetion and
in some cases are seen at the margins of the large strained
erystels, It would therefore appear that the mosaiecs of
small erystals were formed by the break-down and re-
erystallisation of the large crystals,

Plagioclase (8-4)g) forms xemoblasiic erystals,
the larger ones tending to be irregular in outline, In
most specimens the sise of the cryatals is not sbove 1.5 mm
but exeeptionally erystals up to 4.0 mm long ere found,
Twinning is sparse and the twin lamellae are narrow, Most
erystals show faint continuous zoning to & more sodic mergin,
The composition ranges fronn'oh Al”. The most common
type of alteration is to secondary mieca in the outer parts
of erystals, partial alteration to carbonate and em unkmown
dusty material have also been observed, Zoisitisation of
plagioclese has nol been observed.

An extensive suite of sccessory mimerals occurs,
the propertion of eny one minersl and of the total sccessory
minerals seldom exceeding 1¢ and 44 respectively, Pale
yellow hypidioblastic erystals of epidote occur up to 0.5 mm
in length, Jores of brown orthite ere common; unrimmed
orthite is glso found. Gernmet slmost attains to essential
proportions in meny specimens, 'The erystals sre colourless
or pale pink, rounded and hypidioblastiec and up %o 0.5 mm
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across, Skeletel erystale up 0 1.2 mm in sise are sparse,
Garnet is often altered to chlorite slong ecracks, {rystals
of iron ore of various siges up %o 1.0 mm are commonly
scattered through the rocks, Swell eryetals temnd to be
more idioblastic than the larger, Scattered smmll idio-~
blests of gpatite and idioblastic prisms of grey-green or
At Achnagonalin the pelitic rocks overlie the
marble directly, there being mo intervening band of ecale-
silicate rock, 7Thus this traet differs in two ways from
the others, firstly in the absence of cale-silieste rocks
end secondly in the absence of a cover of coarse mica-gneiss.
Within the coarse pelitic gneisses are two minor
rock types which both occur es bande and layers up to a fow
inches thick., The bands are infolded with end grade into
the gneiss and are usually but not alwaye parsllel to the
foliation in the gneiss, The bands frequently thin out
after & few feet and are occasionally seen %o suffer
boudinage (Fig.12). =2hey are pradtically sbsent at Dulnain-
bridge but inecresse in sbundance towards the east at Revaek,
Presumably they represent originsl competent beds in the
roeck, In hapnd specimen the rocks are compact, medium %o
find in grain, equigrenular, grey or pink in colour; quarts,
feldspar and biotite can de made out with the hand lems.



TABLE 17
Hodal enelyses of plagioclase-gneisses.

Thin section mo, 354 388

Hlagisoles B e
e

Biotite 21 18
Acceasory 6 7

Points counted 1700 1700

354. Plagioclase-gneiss band in
coarse mica-gneiss, 500
yards BW of the top of
¢raig Reveelk,

388. rlagioelase-gneiss banmd, 500
gu-n SE of the top of craig



When the last-named is lacking garnet snd & pale greem
mineral cen be made out, Biotite is not in diserete layers
but is seattered through the reeck, Hieroseopically two
types sre distinguishable.

(1) Plagioclase-gneisees

fhese rocks are found in bemds uwp 0 4 inches
thick, lNodal anslyses are given in Table 17; a photomicro-
greph is shown on Plate XXII,

Plagioclagse crystals (853-60¢) ere xemoblastie or
hypidioblastie, with a maximum length of 2 mm and an average
length of 0,5-1.0 mm, Twinning is uncommon or ebsent; most
erystals show slight continuous soning perallel o their
mergins, The composition remges from An,, to u“; moet
erystels have the compositiom imy,. Sericitisetion end
dusting are common, particulerly towerds the mergins of
erystals,

Guarts (15-20¢) 18 interstitiel end normelly
ocecurs a8 patches of mosaic formed of equidimensiomal grains
up to 0.7 mm in dismeter. The larger erystals have slightly
und ulose oxtiufiu while the smeller show no such signs of
stradn,

Biotite (18-21¢) is present as relatively thim,
sub-parallel flakes with & maximum length of 1.5 mm and an
average length of about 0.5 mm, The edges of the fflakes temd



TABLE 18
¥odal snalyses of plagioelese-epidote rocks.

Thin section no, 240 390

Quarts 40 31
mnhu 45 Sz

teo 10 14
Accessory 5 3

Points counted 1200 2100

240, Cramulitie layer in coarse
mica-gneiss, 50 yerds west
of top of Creig Revsek,

390, Cranulitie layer in coerse
mica-gneiss, 75 yards south
of top of oreig Revack,
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to be ragged and kr@gnu.nlvmmn irregular
erystals - in optical continuity with the larger biotites -
are often embedded in plagioclase close to the larger bio-
tites, 7The pleochroic scheme is: X = colourless; Y.i =
dark brown or olive-brown, Alteration to pleochroic green
chlorite slong the cleavages is occasionslly seen,

The commonest acecessory minersl is museovite which
occurs as bent plates of up %o 0.5 mm in length, Pale
yellow or colourless epidote forme xenoblasts with & maximum
length of 0.8 mm, The erystals sometimes have cores of
brown orthite end occwr in association with the micas.
gparse erysisle of hematite are present, the smaller erystals
being hypidicblastie, the larger ragged. Smell xemoblasts
of microcline have been cbserved., Idioblastie erystals (all

1.0 mm seross) of sphene, apatite, sircon and garnet com-
plete the list of accessories., The total sccessory content
is 6-%.

(i1) Plegioclase-epidote rocks

fhese rocks oceur ae bemds which ere never more
than sbout an ineh thiek, are pinkish in colour and are
prectically lecking in biotite. They have beemm found only
at graig Reveck, (See Plate XXIIL.)

Plagioclese (about S0%) is the most sbundant
constituent in all examples, The crystals are xenoblastic



108

and slightly poikiloblastie, up %o 1.0 mm long, A marrow
outer sodic zone is developed on most erystals; twinning
is more common tham in the plagioclaas of the plagioclase-
gneisses, The crystal to erystal composition range is Ang o
hu‘o. The erystels are commonly partly altered to
secondary mica, e¢linosoisite, or unidentifiable dusty
material in various combinations, The twin lamellae are
often bent, It is noteworthy that the composition of the
plagioclasse is more caleic that in the plagioclase- and
mica~-gneisses, end that the alteration produets are alse
correspondingly different.

Quarts (about 30%) forme interstitial patehes
of mosaie, the greims of which are unstrained and up to
0.4 mm seross, Where quartz erystals are ineluled in
plagioclase they tend to be rounded in outline,

Epidote (about 15;) is found im all slides and
is faintly pleochroic from colowrless %o pale yellow, The
form is 1dio- or hypidioblastic and the erystels are up to
1.0 mm long, They are either evenly distridbuted through
the band or concentrated fowards the middle,

Garnet, however, is gemerally founl towards the
marging of & band, independent of the distribution of
epidote, Garnet is incluled with aecessories in the meodal
enalyses (fsble 18}, The sparse ildioblasts ere pink, are up
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to 0.8 mm across, end tend %o lie in strings sub-parsllel
to the margins of the band outwith the cemtral zome which
elways contains epidote,

Accessory minerals imclude irregularly shaped
pPlates of blotite (pleochroie from X = pale yellow %o ¥, =
dark olive-brown), often altered to ehlorite; thin flakes
of museovite; xenoblastic interstitisl erystals of iren
ore, some being pyrite surrounied by thin zones of hematite;
end pinkish brown, plecehroie, xenoblastic erystels of aphene,
Accesgories seldom exceed 3§ of the rock,

A% the junetions of the banis of plagioclese-
epidote rocks with the enclosing gneiss the latter is
relatively richer tham usual in dark brown biotite, skeletal
garnet end smell idioblastic epidote erystals,

(d) piscussion of Origin

There is no evidence to suggest that large-scale
introduction of material from outside sources to the rocks
of the Grantown Group has takem place, PFurther, the varied
munamummmm:um that
1i%tle homogenisation has occurred, lHodes of the rocks give
an indication of the types of sediment from which the cale-
g8ilicate bearing rocks were derived,

Owing to the lack of chemicael amalyses the mutual
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relationships of the rock types cannot be showm on a2 eon-
ventional von Wolff or similar diagram, However, it has
boen found that 1f the modes of the rocks are plotted on

e triangular diagram whoss co-ordinetes sre [quarts +
foldspar], [mica)® and [dlopside + treomolite + epidote] the

* In the plagioelase-epidote rocks emd the cale-silicate
‘granulites’ of the Noine Series garnet partly takes the
role of phlogopite in the cale-silicate rocks of the Gran-
town Group, Therefore mica and germet ere plotted together
in modal snalyses of the two first-named rock types.

relationships of the rocks %o ome anmother are dleerly dis-
played (Pig.7). The total proportion of gquartz amd feldspar
in & rock ¢an be taken as & rough index of the sbundance of
siliea; oimilarly the mieca-feldspar line represents alumina,
end the cale-silicates lime and megnesia, Jaleite 18 not
ghown on this triangle but, as it does not occwr in sssoei-
ation with significant amounts of guartz and/or feldspar, it
would lie ou & continuation of the silica-lime side of the
triangle, The impure marbles thus fall outside the particular
triangle here being used, _

The impwrity in the original slightly megnesian
linestones, now merbles, was largely siliceous rather than
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eluninous @8 is shown by their content of tremolite emd
diopside. '

The sediments represented by the plote of three
micaceous rocks (4) were composed of a calearecus and
aluminous mixture, that is, were calcareous shales, Granul-
itic cale-silicete rocks (B) were formed from sediments with
e feirly constant smount of sandy material but with wide re-
eiprocal variation in lime snd alumina, 4% the caleareo-
megnesian end of field B the aluminous impurity is very low
endl the roeke grade into the emphibolitie eale-silicate voeks
(¢). The latter rocks lie along the [guarts + feldspar] -
[eale-silicete] line, their position depending on the erigimsl
lime content in what were essentislly caleareous saendstones,
This type is the most common in the area, Therefore the
sediments which gave rise to the ecale-silicate bearing rocks
of the Grantown Group were mainly eslcareous ssndstones with
minor sandy limestones emd celcareous shales, all being
slightly magnesian,

Pield D is defined by plots of modal anslyses of
eele-silicate "gramulites' of the Moine Series - metemorphosed
slighily esleereous ssndstones (see p.37 ot 25.). The medel
enalyses of thin plagioclase-epidote-garnet banis (Zable 18)
found in the umonoummiplmuntha trisngular
disgrem (Pig.7) and the points fell im f£1eld U, 48 cale-
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silicate 'granulites' are sbundantly fourd in both pelitic

and quartso-feldspathie rocks of the Moine Series the evidence
given above shows that it is likely that the coarse gneiss
with epidotic bands wes produced from a sediment of 'Noine
type’'.

The coerse kyenite-gneiss would eppesar to be the
normsl result of high-grade metamorphism of pelitic sediments.
The pertial replacement of kyanite by muscovite, however,
shows migration amd fixation of potash after the peak of the
motemorphiom had been passed., Minerals containing significent
smounts of soda are not found in the kyenite-gneisses anmd it
is therefore impossible to say whether seds has migrsted with
the potash or not; et least 1t hes not been fixed,

The mica-gneisses of the Dulmainbridge-Revack belt
ere 50 unmsuel as to suggest that their formetion wes con-
trolled by a factor not normally sctive in the genesis of
the other rocks of the area, any reasonable hypothesis muet
take account of all the significent faets, These gneisses
are very much coarser than any other pelitiec rocks in the
distriet (p.102). The belt of gneisses everywhere structur-
ally overlies cale-silicate rocks of comsiderable thiclkmeass
(p.768) . The rocks exposed at Dulmainbridge show that the
grain size in pelitic rocks decreases markedly outwarde and
upwards from the smome of cale-silicate rocks (p.0S),



gonteined in the gmeisses are considerable bodies of guartso-
feldspathic materisl which are virtuslly absent from the
unlerlying eale-silicate rocks (pp.82,102). The gneisses,
bearing the assemwblage quartz-oligoclase-muscovite-biotite
(pp.103,104), are of the same metamorphic graie as the
swrouding rocks, Jontained in the gneisses are thin,
medium grained layers rieh in epidote emd layers very rich
in oligoclase, The epidote is steble in the presence of
ealeie oligoclase (».10‘-100.

The process required for the formation of the
gneisses is therefore one whieh incresses the grain size
but not the metamorphie grade of the roek; which promotes
mobility of quartso-feldspathic material; and which becomes
less effective with inereasing distence from the cale-
eilicate rocks, i.e, upwerds, That this process can dbe
correleted with the presence of cale-silicate rocks is well
supported et Achnagonalin where the pelitie rock overlying
en elmost pure calcite merble is & schist lacking the
quartsose layers end the coarse grain size of the mica-
gneisses (p.105).

During the metamorphism of impure calcareous
sediments the rcactions between caleite and the impurities
to form cale-silicate minersls release large volumes of oez‘.

¥ For properties of oo. 2t geologicsl temperatures and
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pressures see Kemnedy (1954),

which, "migrating upward into zones of lower temperature,
may there pley an importent pert in motasomatism.” (Tuwrner
and Verhoogen, 1951, p.482), Turver (1948, p.145) regards
much of the caleite of groemsehists and the esledtie veins
in other low grade rocks as the product of 00, rising from
the higher graie regions of the erust, On the same topie
Weeks (1958, p.255) says, "The rock overburden is likely to
be semipermesble to gases and water vapour so that 00, can
'diffuse’ away from regioms of high U0, pressure (reaction
eites).,” i considersble volume of the impure calcareous
rocks of the Gramtowm Group has been converted aslmost en-
tirely to cale-silicate minerals, Assuming & volume of rock
4 knm by 4 kum by 80 m (everage figures from field data) con-
verted entirely to tremolite with 104 0s0, the volume of 00y
released would be 1,536 x 10" e’ at ¥.T.P, or 2,174 x 10"
en’ at 500°¢ end 2000 stmospheres pressure, the P-7 conditioms
of the amphibolite facies (Uﬂiﬂl. 1986) .

Gomparison of the high proportion of muscovite in
these rocks with the muscovite-fres schist st achnagonalin
(feble 16), end the evidence alresdy presented that potash
migrated into and was fixed in the kyanite-gneisses, Jjointly
suggest that some potash was slso introduced %o the nica-
gneisses during their formetion, Similerly the high jproportion



of oligoclase in the intercalated plagioclase-gneisses
suggeats thaet sods wes introduced (from & source not yet
identified) and wes stabilised in the guartso-feldspathie
layers rather than in those of pelitic composition,

1% is gemerslly considered that the presence of
volatiles has sn impar tant effeet in increasing the graim
gize of rocks, and may be the primary facter concerned,

Yot no chemical trace of Lthe fluxes need remain if they
acted only as carriers or catalytic agents end themeslves
remained unfixed in the environment prevsiling during and
shortly after their relesse.

It is therefore suggested that the large volume
of 60, given off from the cale-silicate rocks entered the
overlying normel pelitic rocks as a flux, thereby allowing
them %o reach & distinetively cosrse Brein size end slso
assieting in the mobilisation and differentisl fixstion of
potash smd seda, PFurther, the passage of such mobile fluxes
charged with alkalies made possible the formetion of coarse
petches of quartso-feldspathie agsregates in suitable aress,
In no other hypothesis kmown t0 the writer has the sowrce of
the migmatising and granitising fluxes been 80 confidently
mummotw,mmo1mtomnum
overlying rocks, nor has this particular concept been
previously applied to high grade rocks,
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Recently much work has heen carried out on the
influence of 00, pressure on various equilidria in meta-
morphosed impure limestones (for reference see Weoks, 1956),
Only weeks, however, discusses the eseape of coz into cover
roeks; evem so, he is very cauntious on the mtter, At
high grades of metamorphism such as are found in Hd-Strath-
spey "the release of 00, due to progressive carbonate re-
actions will be quite slow, However the permeability of the
roek (at least in deeply buried regione) will probebdly be
low.” {p.295). There would probably exist, therefore, e
atrong pressure gradient outwards snd upwards from the cale-
8ilicate rocks and presumebly migration of the 00, would
take place in response to this gradient.

| Several writers (Emopf, 1929; Hess, 1933;
Read , 1984; Haspela, 1936) have discussed the role of 00y
in the formation of minersl deposite such ss gold, magnesite
end tale, Some consider that the 00y 18 of 'megmatie’ or
"hydrothermel', 1.e, hypothetical, origin vhile others are
more ceutious snd admit that the source of the 00,-bearing
solutions which rescted with the ultrabasic rock masses to
produce megnesite snd tale is wmkmown, In each of these
cases of formation of magnesite or tale the rocks have been
partly replaced by carbonate deposited from solutioms,
Further, the paragemetic evidence indicstes that C0gy became



fixed 88 carbonate only at late, low temperature steges in
the process, although it mey reasonably be presumed to have
been present during earlier steges. In the example from
Grentown, however, there is & prolifie source for C0p but
no visible carbonate mineralisatiom, only the results of
what appears to have been mainly & fluxing effect, such as
feldspathisetion, sericitisation and cosrsening of grain,
one presumes that the temperature was relatively high end
that carbonate mineralisation would therefore only begin
et a wuch higher level in the erust, This level has now
long been eroded from the distriet, The wpward dissipetion
of the volatiles is shown by the upward diminution of the
presumed fluxing effects at Vulnesinbridge.

Although vaguely sdmitting the possibility of such
a process, Turner snd Verhoogen (1951, p.482) eite ne
examples, Accounts of the geology of areas of high grade
metamorphie rocks where cale-silieste rocks underlie pelitie
roeks are few, Of outstamding interest, therefore, are Read's
papers on the geology of Unst in the Shetlends (1934, 1937),
where some 500 feet of eale-silicate rocks of the Westing
Group dip gently beneath coarse, tough pelitic gneisses whose
lower 300 fest consists of "massive biotita gmeisses with in-
runersble eye-shaped patches emd stripes of guartzo-feld-
spathic material” and in vhich “pegmatite sheots and stripes
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are loeally well developes.” (1934, p.646)., The upper
zone of the gneisses recalls to Read the permeation gneisses
of the great sutherland ecomplexes, Hlsewhere in Umst
"injection gneisses"” are sasocieted wifth pezmatites whose
origin Read considers %o bo megmatie,

The resemblance of the Unst sequence to that seen
at Grantown is remarkable and it 15 tempting to sugzest e
similar origin for the pegmatite-bearing gneisses at both
localifties. Helated examples from -thn Seottish complexes
are characterised by the sssociation of granitic rather than
the qusrtso-feldspathic mterisl discussed sbove; they will
therefore be comsidered later (p,. 136).

The hypothesis outlined sbove appears $o be unigue
in the 1light of the geologicel literature kmown to the writer,
who hopes that it may prove espable of aprlication to meta-
morphic %errains in which pelitic schiste overlie cale-siliecate
roeks , :

(o) Status of the Gremtown Group

anderson (1915) suggested thet the Gremtown Group
wes a pass of the Dalradian Series lying in the Noine Series
and entirely bounded by tectonic comtacts or 'slides’,

In his tectonic analysis of a wide area selntyre
(1951a), although re-interpreting Anderson's work, considered
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the Grantown Group %o be 2 large Sectonie inclumion in the
yoine Series,

Exposuree of the conteet of the Cramntown Group with
rooks of the Moine Series are poor., At Legren Hill rocks of
the two formetions, i,e, rocks of two lithologiesl types,
are interbaended and the contsets ere no more tectonic then
thote between any other peirs of adjecent rock layers in the
area,

 Bvidence presented sbove (p.112) sugsests that
epidotie bands in the eoarse gneisses at Oraig Revack are
comparabls %o the eale-silicete 'gramulites’' of the lNoine
Series. MNoreover, at Dulneinbridge the coarse gneisses pess
gradually upwerds inte flaggy semipelitiec gneiscee of lMoine
gospect. Thin lenses of hormblende-schist ocewr both im
migmatitie rocks at Oraig Revack and in normal country rocks
at the mouth of the Finlarig Burn (p.6l). Therefore Apderson's
prina facie case for regariing them [the Grantown Group) es
belonging to & different group [from the loime Series]" (19185,
p.27) must be rejected,

It therefore appears to the writer thet the
gvailable faete are not inconsisbtent with the interpretation
that the Grantown Group is an integral pert of the lNoine
Series, The unususl assesblege of rocks within the Grouwp
and the differences that d4istinguish them from typical
menmbers of the Moine Series are to be aseribed to the action
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of & locslised sgency during the course of the mets-
morphisk rather than to sueh fundamental diffsrences in
oge and fgedes as would be implied by placing of the
Grantown Group outwith the leine Saries,
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2HE GRAWITIC ROCKS OF CRAIG REVACK
{2) pield Relations - Larger Gramitic Masses

ilong the crest of (raig Revack within the
grantown Group Several types of granitie rock are ex-
posed to view, There are several masses of a coarse
pegmetoid granite which is almost emtirely surrounded
by the pegmatite-bearing coarse biotite-gneisses des-
eribed sbove (pp.101 et Seq.). Im plan the gramitie
bodies sre elongate Nw to SE parallel to the strike of
the country rocks (Fig.6, emd pocket).,

The largest mase, 200 feet by 800 feet inm sur-
face area, lies mainly in miea-gneiss but sbuts againet

~ the eale-ailicate rocks on its north-western e8ide where

the contact is nowhere clearly seen; the few available
exposures indicate an interfimgering of the granite with
the gneiss immediately above the e¢ale-silicate rocks,
Elsevhere the contact can be accurately mapped and the
granite is gemerslly seen to eut seross the foliation of
the gneise., The plane of combact dips outwards, steeply -
but perallel to the steep foliation of the gneiss - along
the v margin of the granite and more gently on the SE
gnd the §E. Yo effects of conteet metamorphism were ob-
served in the gneisses close to the gramite.



rig. 11 gtructure of Craig Revack, Profile
(rig.10) constructed normal to the
average fold axis., Rquel area lower
hemisphere projection (as are all pro-
jections in this thesis). Circles,
[B-exes (4); crosses, small folds (9):
points, lineations (17).
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fhe granitic bodies never comtain inclusions of
gneiss, but have occasional lemses of quarts several inches
seross, The general form and distribution of #he gramitie
rocks ere well shown on the Geological Survey l-inch Sheet
74. Only one exposure of grenite has been found in the
cale-a8ilicate rocks and it lies close %o their upper, that
is, their south-esstern margin,

All glong the south-western side of the granite
snd at & few point® on the HE side the gneisses have ver-
tical foliation trending u.A Horth of the granite the
goneiss dips gemily SE. To the esst end S8 of the grenite
the dip is south-essterly, the strike temding to curve
around the granite mass and the dip corewrrently becomwing
steeper until on the S¥ side it 18 vertieal., Therefore the
granite is slmost emtirely confimed %o the crest of sn
asymmetricel amtiform, The relationships of the granite to
the structure of the gneisses are best Seen om & profile
(#ig.10), fthe plane of projeetion of the profile is per-
pendicular to the gversge direction of foldaxes, lineations
end 3 -axes in the gneisses (Fig.1l).

(b) Field Relations - liner Granitic Bedies

the pelitic gneisees of (raig Revaeck sbound in
Small layers, veins, lemses and irrepular bodies of granitie



Fig. 12 Profiles of structures in the pelitic gneisses of Craig Revack,

1, Plastic style in folded plagioclase-gneiss: irregular
patches of pegmatite.

2. Ptygmatic quartz vein parasllel to layering,

3. Boudins of plagioclase-gneiss in mica-gneiss
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or quartzose rock which shew greet variation in grain-
gize erd mode of occurrence. fThese bolies cam readily
be distinguished from the small lemses described above
(p.102), Kedium grained splite in ecomecordamt layers up
to seversl yerds long axd 6 iuvches thiek is commonly
found . OQuarts rods and lenses wp to 1 foot Ly 2 feet in
cross-section snd elonmgete parallel to the regionsl fold
exis are often found lying en echelom (Plate V), Ptysmatie
guerts veins eve found lying parellel to the banding of
the more gremulitiec roeks, Fegmatites occur as gently
infolded parsllel-sided veins up to 4 inches h thickness
and sometimes as mn-fcuﬂing veins up to two feet in
width, but their most common wal e of oocurremce 1o 83
irregularly shaped kmots or intensely infolded diseon-
tinvous veins (Fig.18). Memy of the pegmatitic bodies,
ineluding offshoots from the larger granite masses, do
not have parallel margins, Both pegmatites and aplites
occasionslly have gradational margins; those of the
peguatites are sometimes rich in miea (ef. Flate X).

The cale-silicate rocks comtain occasiomal cen-
cordant snd cross-cutting quartz veins and lenses;
pegratite is noticeably lacking.

{e) PRetrology

48 a1l the granitiec rocks, vhether granite,



PABLE 19
Hodal emalyses of gramitie rocks of Craig Revaek.

Thin section mo, 109 374 375 356

Quartz 32 32 31 41
Plagioclase 38 54 58 45
Mieroecline o3 - 8 e
Muscovite 8 12 3 14
Aceessory - 2 - -
Points counted 1700-2000 each

109, gramite from the lergest mass, top
of ¢graig Revack,

374, Granite, 100 yerds ¥ of the %o
of graig Revack, same mess gy 109,

375. Granite, m{uu.o:th- top of
Craig Reveck, same mess as 109,

356, regmatite vein infolded with niea-
gneisses, 400 v of the top
of ¢greig Revaek,
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aplite or megmatite, have similar mineral compouitions
and show the same micrescopic structures omly ome petro-
graphic deseription is necessary, The main exception to
the gemeral description is thet the smallier bedies of
granitie rocks are ususlly free from mierocline, or nearly
g0, Other minor exceptions are givem in the appropriate
rlaces,

The granitie rocks sre pink, and veriable in
grain size, but usuelly very coarse. No directional
structure wae detected, Large crysteles of quarts, feld-
sper and muscovite ere prominent; with the hemd lens
several specimens are seen to contein wany thin closely-
spaced persistent veins parsllel to the main HE-tremding
Jjoint plene in the reck.

Quarts (31-41¢) 45 alweys amhedral; the
largest erystals sre 3 mm across and have strong undulese
extinetion, MNost erystals sre, however, much emaller in
gizse, lack undulese extinetion and form a gramoblastie
mosaie in large patches interstitiel te the feldspars,

In soma thin sections the edges of strained quariz erystals
ave bounded by small granules which, because they sre un-
strained , are considered %o have formed by recrystallisation
of the strained crystals,

Plagioclsse (38-58¢) is sbundsnt - ranging im
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size from 0.5 mm to 15.0 mm - the crystals being always

the largest of cny minerals present,. Subhedral or snhedral
in shape, with regzed boundaries, the crystals shor meny
aigne of eataclasis, The twin lamellae are seversly bent
and displuced in a1l speeimens, The lamellae are of two
types, the first being relatively broed but 11l-defined

and heaving very ragged and ngmniahtrolﬂt
in places to have been proiuvced by displecewent slong meny
gmel)l shears in the erystal (Flate XXIV)., This type of
twin lemella is occasiomally cut across by the relatively
narrow well-dafined twin lamellee of the secomd tyve
(Plete XXIV) which ere themselves broken swd displaced
{(Flate XXI1II) but mot te the seme extent ss the first, The
second type eppesrs to be later tham the firet, The com-
rosition of the plagioclase ranges from iny, %o ing,, the
e jority of the erystals having compositions of ange OF
ABgg. Soning is relatively rere and when found is of the
nornm) continuous type, with only s few very faint zone
boundaries oceszionally being discernable,

In meny plagiocelsse erystels are fomnd groms of
smell frreguler mierocline erystals vhich are in optienl
eontinunity with esch ofher swd pgemerally have ome of thair
twin exes pereliel fo the 2lbite-twin axis of the pleglo-
e¢lase, The microeline 418 quite frosh evem whem the



surrounding plazioelese is highly altered to secondary
mica, Both minerals are occasionally broken and sheaved,
In Some erystals the microeline forms s solid but ragged
gore merely rimmed by plagiocelese (Ilate XXV ), Hleewhere
large plagioclases have & discontinuwous rim of emall micro-
e¢line erystals, The texturel relatiomships suggest that in
nost examples the mieroeline hes partly repleced the plaglo-
c¢lase, Nyrmekitic quordsz is found in a2 few plagioclass
erystals. 7The plagiociese hss Deen altered %o secondary
mica and the =lteration is intense in pany ceses; erystals
of secondary colourless nmice are up to 0.5 mm in length,
Alteration of the plagioclese to dusty materisl is uncommon
end to goieite is rave,

fhe plagioeclase, like the other crystals in the
roeck, is penstrated by 2 syntem of narrow perallel veias,
ususlly of quartz but sometives of mieroeline or muscovite.
In section the veins are elongate lensoids, either confined
to one erystal or cressing several erystal bounderies;
oeccasionally within a single erystal there sre shori parsllel
veins arranged en echelon, The veins are undeformed end
eross all cataclastie struetures in the rock; fChey sre
parallel to 2 set of well developed Joint plames in the
rock, From thie evidence it is considered that the veins
were formed under temsion at a late stege in the meta-
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morphic history of the rook,

iiovocline  (0-23() i not slways present, In
partienlar 1% 419 noticesbly absent or sparse in the in-
folded pegmatites and thinm granitic layers of the gmelsses,
Yhem precgent 1ts proportion is leas than that of plagioclase,
iAs noted above, some ragred nmieroeline erystala sre found
within plagioclase eorystala, The bulk of the microeline
oceurs as snhedrul irregularly shaped crystals, which heve
a maximum length of 9 mw bubt which usually measure lesa
then 3 wm, Boundaries botween edfjacent miecrocline erystals
tend te be crudely sutured, Hany eryztals have bent,
broken or shesred twin bends (Plete XXV), In one thin
gsection there are seversl smell mierosline erystals separ-
ated from each other by quarts. They can be recornstructed
to form & single crystal which was broken into several
fragments belween which guartz later grew., A8 in the
Plagioelase, meny eryetals are erossed by thin perallel
quartz veine, In some thin sections the large microcline
erystals contain rageed stringers n albitie plagioclase
forming a microcline-microperthite. Hyrmekitic guartz is
found in the mierocline erystals of some specimens (Plate XxvI

Muscovite (8-144) 1o always present except im
one of the amall concordant aplitic layers in the gneiss,
1% oceurs in some specimens as smell secondury erystels
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{(up to 0.5 mm long) in the plagioclase, but in gemeral
the mineral forms large plates which are usually bent
end are up to 5.0 mm long. The smaller crystels occur
in elumps or sirings. Thin quartz veins are found slong
the musecovite cleavege only where the latter is oriented
perallel to the narrow vein system of the rock,

Bot all thin sections contain eccessory minersls,
0f these clinosoisite is the most common (wp %o 2¢),
forming fresh snhedrsl end oeccesionally euhedrsl erystels
up to 0.7 mm im length, The erystals are occasionally
elustered but they usuaelly oceur singly, associated with
elumps or layers of muscovite, Irom ore occurs as sparse,
smell, rogged erystals which can usually be identified es
hematite, which sometimes has & core of pyrite., Orystals
of dark browm biotite, brown rutile amd pinkish spheme
have been detected but are rare.

The mutual relationships of the minersls in the
granitic rocks deseribed above make it possible o outline
& time-sequence of events during eamd efter the emplacement
of the rocks, Fot all of these events are necessarily
resorded in every specimen; but the events that are
recorded are elways in the same order, loreover, the
sequence holds good for all rocks whatever the oceurrence
and whatever the aspeect, gremitic, aplitic or pegmatitie.
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fhe one exception is that the smaller bodies lsek the
quarts-filled joints found in the larger mssses,

The first recorded event was the erystallisstion
of the plagioclase and the formmtion of the broeal, now
ragged, twin lamellse, Deformation resulting in the
breaking of these lamellse, and the formetion of the secom ,
relatively narrow, Set of lamellse followed, Later some of
the plagioclase was replaced by microcline ome of whose twin
axes coincided with the aldbite-twin axis of the plagioclase,
It would seem likely that most of the microcline in the
rocks erystaellised at this stage. While deformation and
replacement were affecting the plagioclese, primary muscovite
erystallised, followed by some quartz, The crystallisation
of the last two minersls, however, camnot be related in
time to the sequence of events taking place in the plagio-
clase,

A1l the minersls being mow im erystallime form,

e second phase of deformstion left em ubiquitous imprint
in the form of breken and bent twin lamellae in sll feld-
spars, bent miea, strained and partly recrystallised gquarts
end meny grpBulated intererystel bounmdaries, This deform-
ation , however, does not seem to have been intense.

Subsequent to the second deformation there was
sericitisation and "dusting” of plagioclase, recrystellimtior
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of quartz, end possidly chloritisation of biotite, all
taking place while the rock was under 1ittle apprecisble
stress,

The final stege in the sequence of events was
the opening of ¥E-trending temsion eracks amd joints which
were filled by quartz sccompanied by lesser amounts of
mierocline and muscovite, presumably derived from still
mobile, or mobilised, material, This atage is not re-
presented in the minor bedies, The grenitie rocks have
thus suffered three recorded periods of deformation of
which the second and third wers probably less severe than
the first,

(d) BDiscussion of ‘m

The Revack gramitic rocks sre distinoct among the
grenitic rocks of the distriet in that they sre not seem to
penetrate the rocks structurally beneath the coarse con-
taining gneisses in which they ere emplaced. These gneisses
ere themselves unusual (p.102) emd it sppeers not unlikely
that the origins of the gremitie rocks and the gneisses sre
closely inter-related eand, at least partly, contemporsneous .
fhis conclusion is stromgly supported by the restrietion of
the coarse pegmatoid granitie rocks to the crest of am
antiform in the coarse pegmatite-bearing gneisses, by the



absence of contact metamorphism around the gramitic rocks
and by petrological and struectural evidence, The complex
consists of two rock types of 'igneous' andi 'metamorphie’
espect and is therefore & migmetite complex (Sederholm,
1907).

Close to the min body of granite the gneisses
contain a high proportion of quarts-feldspathie materiel,
much of it concordant with the foliation of the imeiss,
and most of it gemerated during the feolding anmdl meta-
morphism, as for example were the guarts rods anil ptygmetie
veins (pig.le). Irregularly shaped petehes of pegmatite
(Fig.12) and pegmatites which have been gently infolded
with the gneisses are petrographically similer to the
larger grenitic bodies, both concordant and cross-cutting,
A pegmatite found at the junction between hormblende-schist
and mica-gneiss containe large erystals of hornblende
identical with those im the sehist (see p.69). Therefore
mueh of the pegmtitic material was formed essentially in
vlace by a proeess involving replscement or segregation or
both, These pegmatitic and aplitic bodies are up So several
feet in thickness and are not found in the underlying cale-
gilicate rocke, The enclosing gneisses form an asymmetriecal
antiform plunging SE, the vertieel limb being onm the 5W
side (F42,10). Swmell folds and lineations in the gneisces
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lie in & close sheaf (Fig,11), parallel to the fold exis
in the non-gramitic roeks of MHd-Strathepey (p. 164),
fhese structural trende have therefore not been disturbed
by the emplocement of the gramite.® Rather the gremitie

* Unlike the post-tectonie Grantown Gramite. See pp.173-178.

bodies have inherited the seme structural tremd as the
country rock, The main bedy of granite has on two sides
steep cross-cutting contacte with the enclosing gneisses
but there is no visible feeder in the underlying rocks
nor eny evidence pointing to & mechanism whereby the pre-
existing country rock could have beem removed. Towards
the lower margin of the mein granite mass there is evidence
of interfingering of gremite with gneiss, On the miero-
scopic seale cateclastic struetures are widespread in the
granites. The granitic rocks show considersble variadility
in grain sise and there is evidence of late replacement of
plagioclese by mierocline, Gomtact metamorphic effects
are totelly lacking, indicating that the gramitie rocks
formed at & tempersture close to or lower them the temper-
ature of metamorphism of the counbry rocks.

1% hes previously beem postulated (ppill2-118)
that the large volumes of 80p given off durin: Yhe mefa-
wmorphism of the impure limestones of the Grantown Group



essisted in the production of the coarse gneisces with
their small guartszo-feldspathie lemses, The evidence
relating to the granitic rocks of Uraig Revack strongly
suggests that, aided by these sbundant fluxes and by
introduced sods end potash, a considersble volume of
quertzo-feldspathic meterisl wes segregated” in the

* Throughout this thesis 'segregation’ is used in the
gsense of s setting epart, a separation , a metamorphie
differentiation, in which acid meterial is more easily
mobilised amd tremaported them relatively bassic materiesl.

gneisses and migrated perticularly to the crest of the
growing Revack sntiform where, presumebly, the stress was
lower then elsewhere, thus favouring sccumulation and
erystallisaetion of the mobilised material. Goncomitantly,
smeller guartzo-feldspathic bodies formed both by replace-
ment snd by segregation in the mearby gneisses snd were
involved in the same sequence of deformations as the
larger granitic messes, Silice was mobile throughout the
sequence from the peak of deformation onwsrds. The
resulting bodies were composed essentielly of quaris,
plagioclese and some muscovite, Aas folding fwriher pro-
ceeded and the temperature was still relatively hizh the
large plestie granitic mass was deformed so that it
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penetrated the overlying, also plestic, gneissen, That
pegmatite wes atill forming at this stage, however, is
shown by the small pegmatitic offshoots from the granite
inte the gneiss, The movemerts leading to the penetration
of the overlying gneisses by the granite can be tentatively
corrolated with those responsible for the breaking of the
first set of twin lamellse in the plagioclase crystals of
the granite., The influx of mobile meterial continuned
until adequate potash had passed into the main messes to
replace some plagioclese by microcline. This influx is
tentatively correlated with the late slight potesh meta-~
somstism in the kysmite-gneisses of legean HIll to the
west (p.99), Ilater slight movemenis caused mieroscopic
deformation structures to form in both granite and gneiss.
Joints, now mainly guartz-filled, were the last struetures
to form in the gramite. They ere roughly parsllel to the
a¢ plene of the country rock fabrie,

If this differentiation into gquartzo-feldspathic
and pelitie fractions occurred with the minimum metesomantism
the original rock must have been more guartszose tham the
present pelitie gneiss, in which case it may have corresponds
roughly in composition to the semipelitic gneiss exposed
at the River Dulmain, the nesrest mon-mobilissd ecountry
rock, However this may be, it 48 clear that once agein a
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hypothesis involving metasomatism snd metamorphic differ-
entiation, aided by sbundant volatiles adequately explains
the observed faets., again the passage of CO,, the pre-
dominant distributive sgent, is marked by coarsenmess in
grain,

fhe petehy nmeture and non-parallel mergine of
many of the smaller pegmatitic bodies sugpgest ean origin
by replacement while their mica-rich margins give many
peguatites & bulk composition mot far removed from that
of the enclosing gneiss, Therefore smell scale meta-
somatism mearly in situ thus yrobebly aided the main large
scale metesomatism, mobilisetion and plestic flow in the
formation of the gramitic rocks of Oraig Revack, In faet
it 18 likely that "These geochemical migrations , ., .
would no doubt enhance the mobility of the rocks and
gssist in the development of the fold,” (Reymolds, 1942,
p.62).

the presence of kysnite im the pelitic gneisses
of Gaich Hill and Laggen Hill indicates that the temper-
ature during erystellisation was of the order of 450°C
(Jemes, 1955, pp.1468,1485) 1.0, in the field corresponding
to that of the lower amphibolite facies, It has recently
been shown by Remberg (1949, 1952) that meny quartso-
feldspathic roeks in metamorphic terrsins besr mineral
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essenblages indicetive of P-I conditions below the field

of magmatism, 4s aeid silicates saturated with x'o begin
to form melts only et about 600°¢ (Goremsen, 1932) and the
Grantown Group gneisses, which lack signs of contact meta-
morphism, appear to have been formed at about 450°C it is
instruetive to examine the mineral sssemblages of the Oraig
Revack granitic rocks in the light of Remberg's findings,
The presence of muscovite and miceroeline in the granitie
rocks indicates thet sbout 800°C was not exceeded during
erystallisstion while epidote in equilibrium with plagio-
clase of composition Ang o %o algn indicates & temperature
of formetion of the order of 400-450°¢ (Ramberg, 1949, p.33;
1952, p.137), Purther, the seversl types of surrounding
gneisses contain épidote which is in stable equilibrium
with oligoclese-sndesine (pp.99-109). Such roeks cennot

be considered other than metamorphie in origin, I1f
Ramberg's inferences be accepted as valid the above evidence
constitutes strong suppert for the metamorphic-metasomatic
origin of the Uraig Revaeck granitic rocks,

(e) Qompsrative studies in the Highlsnds

Kany have been the reviews (amd reviews of
reviews) on the nature emd origin of migmatites since
Sederholm (1907) introduced the term to geologiecal
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literature, There is therefore little need for a gemeral
discussion of migmatites in this thesis. However, & brief
study of the so-called "Injection Complexes™, or aress of
syntectonic migmatisation, which cover such wide areas of
the Seottish Highlands is sppropriste in view of the present
findings in Mid-Strathepey. At the outset the grest vari-
etion in scale and intensity wust be emphasised. The
intensely migmatised Sutherland oceurrences stuvdied by
Reed cover about 700 square miles, while the migmatitie
gneisses of the Grantowm Group cover lese tham a square
mile in a distriet vhere migmetisation is only loeally
severe,

The earliest deseription of granitic gneisses
was given by Barrow {1892, 1893) who studied the roeks of
Vorth Angus, He considered the non-foliate potassie
pegmatites to be the sweated out portion of the foliate
sodie granite-gneiss which wes itself considered to be &
representative of the '¢Older Granites’ formed prior to or
during the movemenis snd metemorphism, The grenite-gneiss
is variable in texture and Baerrow noted that "The gneissose
etruceture . . . 48 developed only when the outerops have
e bresdth of 100 yerds or movre ., ., . " (1893, p.331).
Host of the rocke stulied by him are well-erystallised and
lack cataelestic structures,
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Because of the intimate sssoeiation of granite
and eoarsely erystalline gneiss in Bastern Sutherland Horne
and Greemly (1896) found 1t A4ffieult to believe that the
granite was "wholly foreign matter” (p.647). They realised
that both rock types formed et the same high Semperature
end that there were many exemples "where lenticles of
granite occurring in the sehists could not be sesn to have
any conmumication with eny ether gremite masses" (p.850).
Greenly (1903) elaborated on the above work, noting thet
the permeation phenomena are founi in a "flsky or wavy
biotite gnelss” (p.210), He faveured formstion of the
granite "by quiet diffusion rather tham by foreidble in-
Jeetion" (p.212).

In & peper on the metamorphism arourd the Ross
of Mull gremite Bosworth (1910) deseribed the infolded
thin granite veins in the coarse kyanite- snd millimenite-
bearing gneieses at the conteet of the gcranite with the
rocks of the Hoine Series. Secsttered through the gneissces
up %o & distance of two miles from the contact and in-
timately comnected with the folding are irregularly shaped
patches and veins of pegmatite which sometimes comtain
large kyanite and towrmaline erystala. There is s complete
gradation between these pegmetites amd the quartzo-feld-
spathic stresks which are elsewhere found in the gneisses.
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Bosworth therefore considers that "these pegmatites are
dus to segregation of the more mobile eonstituents present
in the original sediments rather than to intrusion of
material from en wnierlyimg source.” (p.391)., It would
now seem likely that the Ross of Mnll grenite was emplaced
in the rocks of a high grade migmetite complex and hed
1it%le contact metamorphic effect as we now understand it,
(Bosworth was influenced by Barrow whose views on regional
snd contaet metemorphism are well kmown,) '
The complex of Oromar, Deeside, (Read, 1927)
econtains seversl features compersble with the roeks of
the Grantown Group. The thick impwre Desside Limestone
dips north below the 'injected’ rocks which ere in the '
gillimenite sone of motamerphism, Found in the 'injected’
rocks avre relict layers of siliceous, ecalcareoous and horn-
blendic composition, Pegmatites ocewr muech more sbundantly
in the 'injected’ rocks than in the comntry rocks, but the
rocks of the complex "vary from those possessing dominant
country-rock characters to those with dominant igneous
eharagters” (p.321)., Sillimemite erystals are surrounded
by 'shimmer ageregates’ of guscovite, believed by Read to
be produced during the "injection' process., ZHead postulated
that at the endi of the generel metamorphiom more volatile
constituents separated from the 'megme bedy' and pemetrated
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the pre-eoxisting rocks alomg their foliation planes. The
keynotes of this movement phase - keynotes which were
recognised by Horme and Greenly in 1896 - were that the
country rocks were at 2 high tewperature, that the region
was under strong stress, amd that 'intrusions' were con-
cordant. .

Read (1931) made & further contribution to the
subject when he deseribed the great 'injection complexes’
of Loch Choire emd Strath Halladale in the Geologicel Sur-
vey Hemoir for Gentrsl Sutherlsni,. The former complex
containe an sbundance of pelitic roek as host to the granitie
membors, A Zone of Veins at parnet-staurclite grade under-
lies & Zone of Injection at eillimeanite grade, The Zone
of Veins contains cross-entting amd thick concordsnt gran-
itie layers, while amimnr the rocks merge into messes
of granite. Within the injection sone bamde of rock in
which the host is dominant slternate with roeks rieh in
granitic materisl., lany of the 'injections' have selvedges
rich in biotite. The injected pelitic rocks are much
coarser then the pelitic rocks outside the complex, The
Grantown Group rocks differ from the above in that they ere
all at the same grade of metamorphism whether rich or poor
in gramitic material. Noreover, at Grantowm concordant
granitic layers are more common than cross-cutting veins .
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Read considered that the injection took place under con-~
ditioms of high temperature and strezs, the injected
material representing the volatile-rich sodic phase, 1.0,
oligoclese and querts, from a grenodioritic wagme which
lay down-dip %o the east, Fotessic solutions became sctive
only at & late stage and to & lesser degree than their sedie
precursors, Hetamorphic differentiation in situ by itself
is rejected by Read as & tensble hypothesis, ss some influx
of materisl must have been imvolved, Nyrmekitic quarts in
plagioclase and muscovite rime around silliremite are taken
t0 represent lote influxes of sods smd potash respectively,
presumably after the rock was solid, The hypothesis put
forward by Read covers some of the phenomena observed by
him but does not explain others, There seems 1ittle doubt
thet there wes some addition of potaeh ard sode but thet
the source should be regerded ss heving beer directly down-
dip seems highly umsatisfeetory when 1t is remombered that
the sone of cross-eutting veins underlies the injection
gone. It appesrs more likely that mamy of the veins with
biotite-rich margine would be formed by reconstitution enmd
differentiation of the host rock in the presence of & flux;
those rocks in which gramitic materiel is dominent may
originslly have had & quartzo-feldspethie rather than @
pelitie composition, The high mwetamorphic grefe within
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the complex need not have been directly due %o the in-
Jeetion process, becamse 8illimenite-end kyenite-bearing
rocks of the Moine Series are foumd to the east of the in-
Jection complexes, A seriec of chemical emalyses are
given to 1llustrate the role of soda in the permeation of
the pelitic roeks but such is the scale end distridbution
of the permeation phenomens that these analyses give ne
more them a general indication of the rele,

4 detailed re-investigation of the buehray Hill
Gneiss, one of Barrow's Older Granites from Glem Shee, was
carried out by williamson (1935), The gneiss ocecurs in the
Ben Lui Schist and again a limestone, the Loch Tay Limestone
dips balow the 'injection complex’. Intercalated in the
gneise are "zemolithe, thin stripe or thick messes” (p,390)
vhose longest dimemsion is perallel to the folistion end
whieh presumably represent siliceous, calearvous amd horm-
blendie lsyers in the country roeke, The injected rocks
are coarse in grain but appeer to be 2t the pame metemorphic
grade a® the country roeks, namely, in the pgarnet and
kyenite zomes, For the concordant pegmetiten and aplites
willismson rejecte formetion by resrrengement in place,
There is evidence for intredvetion of potash but at whieh
gtage is net clear, He considered that the injection meta-
morphism post-dated the regionsl mwetemorphism, Willismeen
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‘«uzuu (p.418) that

" « « the Older Granite, or Duchray Hill Umeiss,
m generated by the invasion of the pelitie fraction

of the Ben Lui Schist by oligoclase-guartz magma,
with the produetion of ite oli e-muscovite-
biotite-gneine, bearing siliceous, -8ilicate and

ouorluuruh mcnmbum»m
inveding megms.*

In 1ts intercalations, which compare closely with
the undoubtedly non-xenolithiec layers in the Grantown Group,
this example i3 similar to the rocks of the latter. It
therefore eppears that this Older Granite is partly syn-
tectonic; whether its foliation is magmwetie or metamorphie
is a moot point, ‘

As noted sbove (p.117) Read (1934, 1937) hes
deseribed "injection gneisses” from Unst, Shetland, The
same gemeral theory of origin is epplied here as to Cemtral
Sutherlend and Cromer; but in Unst there are sbundant esle-
silicate rocks to provide volatiles at & low level in the
structural pile,

Fernando (1941) elaborates on the origim of the
pelitic gneisses of Unst deseribed by Read, These sre the
rocks whieh overlie a belt of thiek csle-silicate rocks
(the Westing limestone), The particular sugen-gneisses
deseribed by Fernando overlie a "well developed talcose
sone”, and have suffered "local and sporsdie® feldspath-
isation, He postulates & permeation of the rocks by
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alkaline solutions of magmatic origin percolating slong
the foliation planes, but admits the diffieulty of accounting
for & sequence of solutions appropriate to the sequence of
chemical slterationme inferred from thin section evidence.

A detailed petrochemical study of 2 smmllerea
within the north Sutherland complex was carried out by
gheng (1943) who showed that the migmatitic rocks resulted
from the continued percolation and passage of alkaline
solutions through a varied sequence of lMoime rock types.
Pelitiec rocks suffered soda-metasomatism and semipelitie
rocks potash-metesomatism, while in the chammels along
which moet alkali wae trensferred discrete gramitic bodies
formed, The material introduced to the rocks was, there-
fore, in & very tenuous form, but of "magmatic and anatectie*
derivation, Cheng d4id not attempt to relate the migme-
tisation to the main metamorphism but 1t seems likely from
his sccount that migmatisation wes contemporameous with,
or slightly after, the regional metemorphism, This study
ie valuable in that it shows how little materisl need be
added to change radically the aspect of the rocks, He
considers thet some of the metasomatic potash wes released
by reactions going on in the rock and was not necessarily
introduced from without,

4 useful summery of the distribution of the
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migmatitie complexes of the Northernm Highlands hai been
given by Fhemister (1948), Migmatitic rocks are now seen
to ecover large tracts of North Argyll, Western Irverness-
ghire and South Ross-shire, He rightly urges eaution im
the use of genetic terms to deseribe these rocks, In Hoes-
shire the early Survey workers were divided as to the origim
of the quartso-feldspathic sugen end folis in the gneicses -
e.2. whether they were segregations or injected pegmatites,.
It is suggested by Phemister that the present of an inveding
magme would have assisted in the production of the folds im
the gneisses. The injecting "magmes' are tentatively
correlated with those thought to be responsible for the
Older Granites of the Grempians, and it is considered poss-
ible that the injectioms represent the first phase of
galedonian igneous setivity; 1later this activity eulminated
in the production of the Newer Granites after movements
associsted with the metamorphism hed ceased,

In discussion of the metamorphism of the Noine
Series north of the Grest Glem, Mescgregor (19%2) considered
thet the "0lder Granite” migmetisetion, the thermal soning
and the folding were penecontemporaneous, snd (eledonisn in
age, the "0lder Gramite” injection causing the thermsl soming,

In e recent peper Flimm (1954) hes deseribed a
local ised permeation whieh took place later tham the regional
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metamorphism of the Delting area of Shetland ., He claime
that permeation by recrystallising solutions had the
effect of thermally metamorphésing the regiomally meta-
morphosed rocks with the production of sillimenite end
aendelusite. The ares is free from discrete grenitic bodies
but the permeating agents have been respomsible for the
growth of sbundant mierocline in the rocks. 4 thick, but
rather pure, merble iec found in the rock succession of the
area,

A eritieal survey of work om Scottish migmatite
complexes shows thet in the pest too genetic - ard therefore
hypothetical - a terminologyhes been used in deseriptions
that should be strietly objective; e.z. injection gneiss,
permeation gneiss, snatectite, imbibition reck, and so forth,
The use of the more purely deseriptive terms such as migma-
tite (mized-looking roeck), granitie rock, veined gneiss or
pogmetitic gneiss keeps the resder free from the bias that
is inevitably emgendered by the previous terms, The use
male of struetursl and geometriesl eriteria has so far or
hitherto been slight. usny exemples of vein systems (e.g.
Read, 1931, p.111) erecte so serious a space problem as to
suggest that the veins must be, at least in part, of replace-
ment origin, There has been little work showing the
relationship between migmatisation end structures visible
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in the field and mome on the mierofabrie of the so-ealled
injection rocks, There is consequently still great 4iffi-
eulty in essigning to the foliation of granitic gneisses
en unequivocel origin, Too often it has been tacitly
assumed thet the foliation has been the result of flew im
& magme when both flow and magme were purely hypothetiecal
concepts, In meny cases appesl hes been made to the in-
Jection of & 'magma' when mere rearrengement in plaece with
the eddition of a few mobile constituents would suffice to
aceount for the rock types concerned. In many examples e
source of distridbutive volstiles in impure limestones can
be proved or inferred. Furthermore, even these introduced
active materials coming from deeper perts of the mountain
chain are as likely to be of metamorphic as of magmatic
origin, There has also been too rigid a separation of
granitie roeks into Older and Newer., Among the Older
Granites there has beem confusion between the syntectonie
granites and the pre-tectoniec granites, Nor is there amny
reason why grenite should not form et eny time durimghhe
wax and wane of the metemorphiec process and take on cher-
acters appropriate to thet time,

liany of the sreas detailed above show resemblance
to Hid-Strathspey, and in particular to the rocks of Uraig
Reveck, BHo single migmetite complex appears to be exactly
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homologous %o the Gramfowm Group., Seversl complexes show
a few of the main features, sueh a8 & previously existing
underlying source of abundant voletiles (Cromer, Glen Shee,
Unst), evidence of potash =md sods metasometism (Sutherlamd ,
Gromsr, Glen Shee), resistent reliet layers of the origimal
comtry rock (Sutherlamd, Oromar, Glem Shee), unusually
cosrse grain sise of the roeks (sll complexes), localisation
in areas of high metamorphic grade (all complexes), and the
presence of segregative and replacive granitie rocks
(sutherland , Ross of Mull).

Various origins have beem proposed for the
Seottish migmatitiec rocks discussed immediately above, Yet
in almost every imstance there are many fects which are
quite umsccountable by the hypothesis proposed, and in
elmost every hypothesis there is an unnecessary desree of
meertainty introduced, e.g. by the invocation of ‘megma’,
Detailed study of 2 small but well-exposed part of the
Grantown Group has demonstrated an adequate source of
fluxes, a lack of feeders for granitie materisl, and a
structural control of the localisation of granite, The
process of migmatisation smd granitisation was here, there-
fore, am integral part of the metamorphie deformation and
recrystallisation, 48 there is no doubt that metamorphism
has taken place there is no need in this case to postulate
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exceptional mechanisms to sccount for the migmatisation.

- It is wnlikely that eny one hypothesis can account
for all the varied rock suites and rock structures of migme-
tite complexen, partieularly & hypothesis which has been
devised to correlate the evidence collected from s small
ares only. It is wmcertain how far the hypothesis here
proposed to accoumt for the rocks of Uraig Revack can be
successfully spplied further efield, but the extension of
cale-silicate rocks snd marbles below the lsrge complexes
of Unst, Oromar end Glen Shee supports the hope that this
hypothesis may well be applicsble to other end larger sress
than those so fer deseribed in iid -Strathepey.
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THR GRANTOWN GRAWITE GOMPLEX

(a) The Problem smd the Method

The salient features of the CGremtown Granite
and the essence of the problem it presents were summsrised
by Hinzmen (1923, p.50) thus:

"The grenite contains meny inelusions, large and
small, of the surrounding pelitic uﬁw The
-ﬁuguud mﬁ..&:f:u. rtnhu

o
foliated rocks uiaih the granite mass; the
fragments are often at all

inelud od
angles, having evidently been torn off earried
along with the .

eomizy Toek, 1h6 Win bemsbaries of ihe Insresie

and ite apophyses and the inclnded fragments
a !ntm of the town Gremite, as

m == - , end -i.ynuu,!‘m some

Avderson (1915, p.39), in unuthg the southern
half of the mass, recorded that the inclusions "sometimes
occur more than half & mile from the margin® and thet *the
country rock is veined with granite uwp to a wile from the
mein mese", thus emphasising the difficulty of drawing e
definite boundary to the body.

The problem of the Grantown Granite is to account
satisfaetorily for the numbers, sise and orientation of the
ineluded blocks, that is, to elucidate as far as possible
what Hinxmen has called "the mature of the intrusion", and

to suggest an origin for the granite, It is necessary to
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determine the source of the blocks and whether they retain
their original positions or have mwed in the granite. I1f
the blocks have moved one must look for evidence from whiech
it might be inferred how they moved.

The imvestigations directed towards a solutiom of
these problems require e detailed stuly of the field re-
lations and petrography of the granite, & comperisom of the
structure of the country rock with the structwre of the
inclusions, and @ stuly of the structures within the gramite
itself,

The lack of a regular joint puttern, and of either
folistion or lineation within the granite itself uskes the
maes singularly unsuitable for study by the methods of
granite tectonies devised by Uloos and described im English
by Balk (1937). The presence of s large mumber of inelusions
all characterised by the structures common in the country
rocks suggested thet the geometrical snd statistical methods
of structural geology would be the most suitable for s stuly
of the imterior of the granite. These methods have entailed
the sccurete measurement of 211 the available structures
end the statistical study of the resulting date with the aid
of the Schmidt or equal-area projection, the most satis-
factory two-dimensional device for the representation of
three~dimensional structural data, These methode are
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usually applied to foliated rocks to demonetrate areas of
homogeneity of fabrie but there is no velid objection %o
their use to demonstrate degrees of inhomogeneity of fabrie,

(b) Field Relatioms

£he Grantown Granite complex lies a fow miles to
the By of Grantown-on-Spey and extends for 3% miles from
north to south and for sbout 2} miles from esst to west.
The relief within the granite is about 600 feot, The mass
contains meny inelusions of e veriety of country rocks
renging in size from & few inches ascross to neerly 100
yards long, The bleecks are foundl throughout the granite
and, as stated sbove (p.23), their total surface sres com-
prises & large proportion of the surface area of the com-
rlex,

The contacts of the granite with the country
rocks are both concordant with and trensgressive to the
prominent foliation dut do not follow any other directed
struoture in the country rocks such es axisl plane
foliation or joint surfaces. Both granite snd country
rocks are cuf by granitic and pegmatitic veins, some of
vhich are seen %o be offshoots from the main msss, The
outer contact is ill-defined and is only exposed at three
localities, Huntly's Jave, Beimnm lhor and Oresgen na
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h-Qthaisge. The reason for the lack of defimition lies in
the feet that one pesses outwards through a zone of contaet
from roecks with msny granite &ills o rocks rich in granitie
and pegmatitic veins and them %o roecks poor in veine., The
boundary line of the granite on the text-figures is there-
rmhhromlduwmnmatpmu
corresponding %o the roecks rich in granitiec and pegmatitie
veins, At Hantly's dave remmpping by the writer shows that
8 series of thiek granitesills dip east along the foliation
of the gnedss, The muber snd thickness of the sills de-
ereases to the east, On Beinn ihor in the south there are
again several sills, dipping SR, which contain numerous
inclusiong vhose folistion has & veriable attitude, The
outerop of one extensive mess of quartzo-feldspathic coumtry
rock projects for some distance bDetween two of the granite
8ills, At Oreagan mea h-Othaisge the western contect zone
of the granite is steep.

It is Qifficult te represent accurately on the
6~ineh seale the intricate detail of grenite emclosing
gneiss; on the Geological Survey 6-inch maps (unpublished)
this difficulty has been overcome by the insertion of notes
on the mep indicating that numerove inclusions are present
in the granite., The mapping of very large ineclusions by
the Swrvey ie misleading as it cam be seen ¢n the ground
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CNEISS

rig. 13 Displaced blocks of gneiss within the
crantown Granite or its offshoots.

1,2, west side of Creag Liath
3. ®Bast side of Creag Liath,
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that the bloeks do not have the great latersl extent

shown on the published (1l-ineh) maps; the inclusioms

are much intersected by sheet-like masses of granite and
pogmatite., The genersl pattern of the granite outerops

on both the large and intermediate seales is retienlate,
formed by intersecting dykes smd sills, There is no
evidence o suggest that the dykes amd silles formed at
different times. The dip arrows on the Survey maps give

a rather generalised picture of the attitude of the various
inclusions,

On the scale of an exposure Seversl examples have
beon discovered of small blocks of gneiss embedded in
grenite edjacent to large blocks, and displaced relative
to the large dlocks (Fig,13). The displaced blocks are
found both in thin veine of granite amé in the larger
granite bodies, Jisplacement on this scale was elso noted
by officers of the Survey (1923, p.50), lLerge inelusioms
of gneiss ean be chown to be plenar perallel to their
foliation but of much less horizonmtal extent then indicated
on the l-inch maps, The largest exposed ares of granite is
slongate merth-south, messures sbout 300 yards by 100 yerds,
and is eitusted on the enst slope of Creagan na h-Othaisge
towards the widdle of the grenite complex.

Nany of the mue and pegmatitic veins are seen
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1,2. Dilation veins of gramite in blocks
of gneiss, Creag Bheithe lfhor.

3. Plot of 14 modal anslyses of Specimens
of the Grantown Granite (points)
compar ed with five modal analyses of
quartzo-feldspathic rocks of the
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427 and 461 in Table 1,
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to be dilation veins (Coodopeed, 1940; Jaeger, 1951)
when the displacement of layers in the country rock by
them is studied i three dimensioms (Fig,l4).

(e) Zetrogrgphy

In hand specimen the granite is medium grained
and is pink or grey im colowr; quertz, feldspar, biotite
and garnet ean be recognised., Joints are comuon and well
gpaced, end show 1little significant pattern (».,178 ), In
thin seetion quartz, plegioeclase, microcline, blotite amd
museovite are the most sbundent minerals; thelr texture
15 equigremuler snd grancblestic, Unlike the mejority of
the Newer Grenites the Grantown Granite is prectiecslly
never porphyritic. (See photomicrograph on Plate XXVI.)

The most abundant comstituent is guerts, which
occurs as enhedrsl erystels up to 3 mm across, The range
of size in a single thin section is considereble, as it is
with 811 the other conmstituents, The eryestels usually lhu
undulose extinetion; only one thin section shows granular
gones and bounderies snd 'deformetion lamellse’ in the
guartz, Intergremular boundaries tend to be sutured. Un-
strained quartz is found o8 imelusions in feldspar crystals
mnmuqmmma-ma in the outer sones

of some plagioclase crystals,
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the plagioclase crystals are up to 3 mm seross
end are for the most part subhedral, with square, rectangular
or triangular outlines, The crystals are therefore
enboidsl in shape. The renge of grain size far plagioclase
is smeller than for mierocline, Plegioclase temds to be
eoncave towards quartz and mierocline, Twimning on the
elbite law is sperse and the twin lamellse are thin;
twinning on two laws is rars, The composition range of
rlegioclase within the mass 18 Angg to Angg. Goning of
the normel discontinuous type is common; wup to seven zones
have been observed im a eimgle erystal, The sone boundaries
are sub-parallel to the erystal mmrgins, but most erystals
show slight changes of shape with stages of growth, The
gone boundaries sre not offset by twin lamellse. The
evidence in a few crystasls indicates that there was rounding
of cormers snd formationm of re-entrant angles at an early
stage of growth, Ome crystal containe whet sppears %o be
@ erack passing through two of the immer sones and filled
by material cortinuous with en outer sonme, Other erystals
ghow, by the abrupt intersection of zome with erystal
boundaries, that it is likely that they were derived by
disintegration of & larger crystel, It is not, however,
poagible to reconstruct the size end shape of these large
erystals owing to the scettered occurrence of the fragmemts,
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In 8 fow erystals 1t was possible to determine the zomgl
composition renge a8 from u!' to iny o from interior te
mergin, ¥o examples were recorded in whieh the twin
lamellzse were confined to a paerticular sone or sones,

A8 in 50 msny other rock types in the area, the
rlagioclese erystale commonly contain ragged, pm tehy in-
clusions of mierocline, which has one fwin axis parallel
to the albite-twin axia of the plagicclase. This eon-
sisteney in optiecal orientation eem hardly be attridutable
to & chence slice of an irregularly shaped microcline
pertly ewbedded in an aqually irregulsr plagioclase, or
vice versa. sSmsll plagioclace erystals are occasionally
seen in the larger microcline crystals in & reletionship
the reverse of that deseribed immediately sbove. Alter-
ation of plesgioclase o seconmdery mica is common, the
only distinguishing features of the cross-cutting veins
in the gramite from the grenite itself being the more
intenze alteration of plagioclase in the veins, ZThere
is oeccasioral preferential alterstion along nones or less
commonly along twin lamellae., Zoisitisatiom of plagioclase
iz rave.

The erystals of mierocline ere smhedral, are uwp
to 3 mn scross and show wide variation in sive within &
single thin section. Approximetely half of the specimens
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eontain microeline crystals twimned on the (arlsbad lew
in sddition to the uwsual aldbite and pericline laws, The
minerel is often found intergrown with plagioclase as
deseribed above, As in many other rock types the miero-
eline often econtains extremely thin veins of plagioclase
prranged enm echelon, There occur occssionsl patehes amd
veins of 'porphyritie’ granite whose comtact relations
sre novhers clear, Petrographicslly these rocks are
similsr to the rest of the granite except that each
"phenoeryst' is composed of =m ageregate of large miero-
eline erystale which shew distortion of lamellse and
peripheral granulation, At their margine these large
mieroeline erystels contain inelusionms of the groundmass
minersls, gontiguous large microcline erystals are almost
in optiecsl contimuity with each other and sppear to heve
formed by the bresk-down of & mueh lerger crystal, Patehy
stringers of cligoclase are common in these microcline
erystals, %The mejority of the erystels ere therefore
microeline -microperthites.

Piotite occurs as ftabuler erystals up to 1.5 mm
long, with the pleochroic scheme: X = yellow-brown or
strow yellow; Y, = red-brown or dsrk brown, Red-bfown
biotite is twice 28 sbundent ms dark bromn biotite; there
is no correlstion with the yresence or Bbsence of accessory
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sphene as in the pelitic rocks of the Moine Series (p.36).
In some thin sections the blotite is slightly chloritised.

Eusecovite also occurs aa erystsle up to 1.5 me
long bubt is less common than biotite. The erystels are
either tebuler or anhedrsl and ere oecasionally dent,
vhereas the plates of biotite chow mo eignn of deformation,

The accessory mimerals, which do not exceed 1g
of the rock, inelude eubedral garmet, subhedral eline-
zolgite avd epldote, anhedrsl megnetite, euhedral pyrite,
apetite, zircon and sphene, the four last nemed seldom
excending 0.2 mm across, vhereas the first four sccessories
have & maximum sige of 0.5 »m, The germet is a pink
veriaty, theklinozoisite 1s colowrless and the epidote
pale yellow, Garnet is confined %to six of the 40 epecimens
eollected; elinozoicite, epidote, iron ores, apatite and
gireon ere uvbiquitous; ephenme iz rare. The garnetiferous
specimens are sll from locelities in the north-eastern part
of the granite., iuhedral erystals of pyrite uwp %o 10 mm
gcross are found in e speecimen consimting elmost entirely
of mieroeline from a loecality on Gorton Hill, This rock
grodes into gramite of the normal type over a lhﬁuo of
ebout one foot,

ore com be deduced of the history of the plagio-
clase than of sny other mimersl in the rock, Flagioclase
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erystallised in an enviromment favourable to zoning,
There was Little limitation on the development of good
eryetel form until a late stage in their history, emecept
that during an early stage some crystals suffered embay-
ment by & means &8s yet wmknown, Twimning of the erystals
followed growth to their present size, Alterstion to
secondary miea, internal development of mierocliine and the
breaking of some large erystals all pest-deted Swimning
but in what time segquence camnot be determined from the
evidence aveilsble. Late outgrowths of plegioclase eon-
tain post-twimning blebs of guarts.

sny thin seetion from the Grantown Cranite shows
homogeneity in texture snd minmeral composition, but on the
scale of an exposure there is & distinet but variable
irregulsrity in the biotite content of the vock, Sometimes
the veriation is eleerly shown by small plenar aress rich
in biotite which can be seen to be parallel to each other
only over distamces of up to several feet, Their oriemt-
ation over the grenite msss es 2 whole appears %o be hap-
haserd. A more vague discontimuity in composition is shown
by faint irregular swirl-shaped patches slightly richer im
biotite them the surrounding granite, Flanar orientation
of biotite hos nowhere been found,” Fourteen molel analyses

* Ppetrofebric snalysie of two specimens of the gremite hass
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shown that the orientation of g-axes of quartz and of
poles to (00l) cleavage in biotite are rendom,

of thin sections from wilely seatiered localities wore
rlotted on & trisnguler disgram which has quertz, total
feldspar, apd mies + accessories a% the spices (Pig.l4),
The snalyses sll fall within a relatively small area. The
ratio of plagioelase to mieroelina, however, varies from
8:1 %0 0.,.25:1, but in half the specimens the proportions
are arproximately equal, ¥ies * sccessories do not exceed
20¢ of the rock, It may be noted that the mineral assemblage
and the mineral prepertions are elosely similer to those of
the quartzo-feldspethie roeks of the Noinme Series to the
wost of the gremite (Fig.l4).

The petrogrsphic avidence throws 1ittle lisht om
the problem of the origin of the Grentown Granite, dut showe
that there was mechenical break-down of some of the feld-

spars sfter their erystallisation,

(i) The Structure oi the Coumtry Rocks

1, PFabrie axee and fabric elements

The structure of rocks can be expressed in terms
of plamar and linear structursl elementa, which together
constitute the fabrie. It is customary te refer the elements
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of the fabric to three muinally perpendicular awes, 8, b
end @, whose orientetion is based for comveniemce on geo-
patricsl features of the febric. In sccordance with the
usage of Semder (1948, p.125) the penetrative planar
gtructure, whether foliation or bemding, is named gb and the
most comspieuous linear siructure is b; ¢ is mormal to ab
end @ 18 mormsl to b in the gb pleme. Vhere b is em axis
of flexural f0lding 4% 4o named 3. These are descriptive
or symmetrologiecal axes (see Weiss, 1955, p.229) whieh,
when the roeks have monoclinie symmetry, coineide with the
kinematic axes, The reflection of the symmetry of the
deforming movements in the symmetry of the fabrie of the
deformed rock is & fundamentol postulate of structwral
geology and petrology.

In Nid -Strethspey the prominent mica foliation
or mineral bending present in most rocke has been memed
gh = 5. Flexural nltmorhmuv.r!uﬂs-n.
folds and perallel linestions mﬂ and 51 respactively.
Therefore 3 =P, =7,. The rarked um veriation
normal N& luggutl mtglrmm the original
sedimentary layering. The other plamer elements are _l'.
a foliation whickh is umeually dut not alweys an axial plane
foliation, i developad in pelitiec layers and is oblique %o
8,; snd g, 8 slip surface which is steeply inclined to 8,
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end usually oecurs where 31 is steep or vertiesl, .ﬂ_l‘ end
p_‘toﬂl Mmm‘glhalmwdhlug. Unfortunately
the nature of the exposures hes prevented the mensurement

end statistical trestment of g and 5!. gl iz sometimes

geen to be o fransposition foliation of cleosely spaced slip
surfaces (Tlate VI). 48 21 and g’ ere in the plome econtaining

B they are hOl plemes with resard to the fsbrie axes.* Inm

* By snalogy with erystallography ratios of intercepts on
the 8, b end g-axes ere denoted by the indices h, k end 1

respectively,

aome exposures 21. ‘I_‘ and ’! ean pll be observed (FPig.4).
The lineation ;1 is formed by the parallelism of miea
erystale, ribbons of quartz, or erystals of horzblende or
kyanite depending on the roek tyre. In pelitie rocks %
is formed by the imtersection ofg‘nll.. m"!u
are mullions, boudins, gquartz rods and folds of gll sizes
up to severzl yards in amplitude.

Joints have not been stndied in detsil but the
mest prominent are related to the fold fabrieg, Fost-
tectonic quarts, grenite snd papgmatite veins follow joint
directions,

with the exceptiom of g‘ ell the elements npamed
sbove are found in the imeclusions ir the Grantowm Gramnite,



Fig. 16 Structure of the country rocks of Mid-
Strathspey.

1, Poles of 785 foliation surfaces;
full circle, axis of girdle:; contours
1-3-5-7¢, per 1l area,

. Axes of 160 small folds; contours

1-5-1%,

Axes of 157 lineations: contours 1-5-

157,

4. Synoptic diagram of 1%, contour lines
from the 13 fa-djagrams of Fig.l5.
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2. Flenar febrie

fhe orientation of 3y in the country rocks is
given in Pig.16,1, in which the T ~poles of "1 are plotted.
The T-poles lie in a girdle sbout en axis which plunges S8
et approximetely 30°, The apresd of the maximum contour
represents the regional ddip of 51 to the east, SE or south
depending on loecslity. So persistent is this regional dip
that no indication of the gemersl fold style ean he obtained
from the diagram (see Weise, 1954).

In the menmer suggested by Wegmenn (1929) end
Sander (1948) the srees has been subdivided into smell aress
to test the homogeneity of the fabrie, If the folds are
eylindroidal the intersections of 21 surfaces in a par-
ticuler ares define a S-axis for thet srea. The intenstty
of the [-axes is given by contouring the conmcemtration of
intersections. The orientation of the 3 -axés is them resd
from the Schmidt met and indicated in the subarea, In Mid-
strathepey the 43-axes are parallel to the B-axes. The 4 -
@iagrams from 28 subareas in and sround the Grantown Grenite
are shown on Fig.1l5 (emd pocket), and the results from out-
side the granite are summarised in Fig .16, on which the -
diagrems are represented by sll the 15{ contour lines from
the diagrem. In an areas which has insufficiently vaeriable
data for plotiing es a' [ -diagram the average foliastion
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surface is represented by the great eirele drawn nmormal to
the TT-pele haximum, The dip and strike of the aversge
foliation surface are then indicated in the appropriste sub-
area, In genersl the A-axes plunge SE, with a swing towerds
east in the NE of the erea and towards south along the Spey-
bulnain watershed., The intensity of the A -axes hss a
regular varistion which is diecussed later (p, 188 ),

Polding of il. is common throughout the area, the
fold style varying both with rock type and with loeality.
In general the style is monoclinal, the folds being over-
turned from the NE, Im pelitic rocks end migmatites the
style is plastic and the sense of overturning is sometimes
difficult to determine., Figs.l7 and 18 show a series of
fold profiles from lnnlitiu selected to show the pro-
gressive change of style from north to south, Various rock
types are represented ineluiing dlocks contained in the
Grentown Granite. The semse of overturming is the same in
the country rocks es im the ineluded bloecks, In the ER of
the area the style is simple, only the micaceous layers
showing dishermonic foldimg. In the 5¥W, both micaceous and
guartzo-feldspathic layers have a plastiec style, many of the
‘ examples showing an equivocal sense of overturning. The
sense of overturning on the largest possible seale in the
migmetitic roeks of the Spey-Pulnein watershed is consistent
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Fig., 18 Fold style in the southern part of ldid-
Strathspey.

1 "uartzo-feldspathic gneiss, Carnloch,

2,3, Uigmatite, Creag an Thithich,

4 Migmatite, Stac an Toisich,

9,6, NMigmatite, Cresg an Fhithich,
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with that shown elsewhere in the area, This faet is only
appreciated when the dip and strike of%hnvabun measured
over sn area of several hmndred square yards,

?1 is nearly slways comstant in orientation with
a Gip to the =NE. nn-hu-g'u-mnnm
folistion parallel to the axial planes of the folds,
fhroughout the migmatitie rocks the orientation of g' is
varisble, commonly dipping south or 5V as in Fig.4. §, is
disgramatically indicated im Pig.17,1,4. At Craig Revack
8, is prominent in the cosrse pelitic gneisses (Plate VI)
but is veriable in oriemtation, with a tendemcy %o &
southerly dip on the 8¢ 1limb of the Revack smtiform and an
easterly dip on the ER limb, nﬂthg'._a' is most con-
spieuous where 3, is steep.

Shmmumikmunpﬂattho engle
of plunge of the fold axis, and ere only developed where 3
has a steep dip (Fig.4). 35 19 @ surface of actual or
ineipient slip. Thin sheets of granitic rock are sometimes
found along S, (see pp. 55-55). Kinemetie interpretation
of the movements on 3, can uswelly be made. The thin
sheets have their maximum length parsllel to the regional
B-axis,

The rocks of the area are well Jointed, meny of
the joints being geometricslly related to the febrie, Time
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hos not permitted sn extemsive study of the jJoint pattern,
a¢ joints sre everywhere prominent and provide excellent
profiles of the folds, besides giving many hills a searp
feature to the EW, The sc Joints are best developed where
mullion structure is found (Plate VI). hk0 joints ere alse
common, the fold exis intersecting either the acute or the
obtuse angle between the jJoinmts,

3. Linear fabrie

A aynoptic disgram of the orientation of fold
axes and lineations is shown in Fig.16,2,3. All the
lineations are B-lineations parallel to the exes of visible
folds and ﬂntuolm;‘d%mboomuom
Jointly. The mexime for ¥, and hnmucﬁthm B -
axis maximum, The apparent girdle of fold axes emd
lineations ean be sccounted for by subdivision of the in-
formstion sccording to lecality and by consideration of
the regional dip of §,. The coincidence of the plane of
the regional dip with the girdle of B-axes shows that all
the linear elements lie in the plane of the folistion, The
small concentration of southerly plumging sxes is foumd in
a small area near Ochnoir on the Spey-Dulnain watershed.
The larger concentration of elements with an eestward plunge
is found in the NE of the area, to the east of the Grantown-
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Porres railway line. Over by far the greater part of the
srea the axial elements plunge SR at approximetely 30° end
the locsl variations mentioned ebove are irregularities in
the regionsl trend,

There is s small concentration of elemente which
plunge gently to the NNE. These axes sre restricted to
three smell ereas, viz, the summit of laggan Hill, Baster
Duthill end Gsrmloch, in eale-silieate, migmatitie and
quartso-feldspathic rocks respectively, The style of these
folds is jdenticel with that of folds of regionsl tremd in
similar rocks nearby, The sense of overturning is con-
sistently from the SR, At Laggen Hill the §B plunging
folds form the top of the hill; their relatiomship to the
underlying SE plunging folde is unfortunstely obscured.

At Gernloeh the relationship between rocks with fold axes
of Sk end NE trend is seem to be & normal interbanding with
no evidence o ﬂolut tectonie discontinuity between, It
must be noted that the axee in ad jacent rocks in two of the
above cases are approzximately 90° apart in the plame of the
regional foliation surface amd that there are no axes of
intermediate tremd. There i no evidence to suggest that
the folding at such localities Sook plece in two distimet

phases .
The neceseity for = statisticel trestment of folds
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end lineations i3 well shown on Creag sn Fhithich where
on large exposures some of the small folds die out slong
their length; P is, however, the direction of lesst

-l
change and is sub-parallel over a wide area,

4, Kinemsatie interpretation

?he foliated roecks of Mid-Strathspey have mono-
elinic symmetry sbout en s¢ plene which is inelined steeply
P¥. This symmetry reflects movement in the pleme gb (3, )
and sbout the B-axis, g being the direction of shortening.

fhe necessary risk involved in kinematie inter-
pretation and extrapolation has been minimised in this
stuly by sttempting as far a8 possible to treat the meterial
statistically, The text-figures are representative of
lerge numbers of structures in the field. The scale hes
been continually borme in mind, 211 the examples here
given are found in areas of up to 200 yards square, bub
ususlly much less, The picture, however, is so consistent
on this intermediaste and smell secale that it is likely that
the movement picture over the area &s a whole is similar to
that provided by single exposures,

Unless the regional foliation attituie is known
the overturning of folds gives a semnse of rotation only
and not o sense of relative movement, The mode of inter-
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pretation of folding of, or slip om, &. 5_. end gs is
indicated in Pig.19. 7The presence of a consiztent pene-
trative plansr surface on which slip cen take place (_l_l).
the consistent orientation of the exial plamne foliation
(g'iuuommmammmnmmm
folds up to the scele of the Revaek amtiform (Pig.10) show
that in the penetrative movements which affected the dis-
triet the upper layers moved W relative to the lower
layers, In the belt of steep foliation on Oresg sm Fhithich
the south-western layers moved down relative to the nmorth-
esstern layers. The sense of overturning of the folds does
not mecessarily give the sense of tectonie tramsport, The
direction of tramsport 8 was sub-horisontel end trended NE,
while there was concomitent flexural folding sbout em axis
plunging 5% at 30°, There was therefore crustal shorteming
in the direction NE-3w; this study gives no information
about change of shape in any other direectiom,

Kinematiec interpretation of structures in the
migmatitic rocks of the Spey-Dulnain watershed has been
esrried out with caution beeause, for example, of the
equivecal semse of overturning in some folds, g,_u)-
nmuynufum.-mumm is steep and
highly contorted over the whole of Creag sn Fhithich emnd
Stac an Toisich, Here 1' ie well developed. Further south



171

aMmM%mMaMluh&ou.

On the largest visible scale at Stac an Toisich the roeks
are monoclinmal in style and are overtwrned from the R
indicating slip of upper gl layers to the 3% relative %o
the lower end, where 51 is steep, of south-western layers
down relative to north-eastern layers, aixial plane slip
surfaces (Pig.4,2) on Oraig Garten conform to this move-
ment as does the sense of relative movement inferred from
8lip en i (PFig.4,5). In the highly folded rocks of Oresg
en Fhithich g' is varieble in attitude and 45 not a
reliable guide to movements om a larger secale.

The relatively large arvess of steadily dipping
rocks without many foldes suggests thet the tramsport need
not have been large-scale, anmmmolnrp
movement horisons beem locsted although they are kmown to
exist e short distance to the south (Weiss, Melntyre amd
Eursten, 1955), Locally smell shears and displacements
are found but they would appear %o be small fsults much
later in age than the folding,

liovement %o form folde which tremd NE hes alse
been monoclinie, the upper layers heving moved NV relative
to the lower (Fig.18,1), ©he folds of SE and I¥W tremd
cemnot be shown to be of different ages but some shortening
in the Ny-8E direction hae taken place at least on a smsll
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seale,

The spresd of the tremd of the B-axes in &
girdle from south %o Hi parasllel to the regional foliation
surface presents a diffiecult problem., The geometry suggests
one of the following kinematie interpretations: (a) lecal
torsion by a horizontal couple, the effect dying out in
depth; (b) marked inhomogeneity in the originel sediments
leading to complex movements, or (e) movements superposed
on a pre-existent merkedly oriented structure, that is,
complex movements, The occurremce of B-axes of various
trends at the same Stectonic level suggests that (a) iz mm
dnlikely explanation, The absence of steep secondary fold
exes characteristic of rocks which have suffered two de-
formetions® suggests that (e) hes not been a major factor

* Orsl communication from Dr. L. E. Weiss,

unless the fabric before the second deformation agreed in
eymetry with the second phsse of deforming movements,
There 13 ne evidence either for or against (b), 2Zhe
question mumt remain open, The spresd of the cheaf of B-
axes in the migmetitic roeks of the Spey-Dulnein watershed
ecan be explained by inereased mobility of the rocks during
nigmatisation (see pp.188-191).

There i8 in this area no evidence to ssaist in



rig. 20 Structure of the included blocks in {

the
Grantown Granite,

1. Poles of 266 foliation surfaces; full
¢ircle, axis of girdle; contours, 1-
3-5-7¢, per 14 @res.

2., Axes of 47 small folds: contours, 2-
5=-15% .
P A M . N
3. Axes of 36 linsastions: contours, 2-

51 5
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4., Synoptic diasgram of 15 contour lines
from 12 lﬂ-&izgrgms on Fig.l5.
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the elucidation of the problem of the regional fold axis
in the loine Series, Whether this exis formed in its
present position or was rotated into its position by later
movements is nd eclesr,

An extrapolation of the kinematic picture here
outlined beyond the limits of the area is not justified,
g8 sn ares of complex kinematics lies immediately %o the
south (Weiss, lMelntyre end Xurstem, 1955).

(e) Structure of the Inclusions in the Granite

1. Orientation of the febrie

The fabrie of the ineluvded blocks is summerised
in Pig.20 and given in detail in Pig.15 {end pocket). The
ﬂmdhtmalmnndm girdle than in the
country rocks., There is therefore less homogemelty of
febrie within the emall ares of the Grantown Granite than
in the rest of Mid-Strathepey. The full eircle in Fig.20,1
parks the spproximate exis of the TT-pole girdle and
ecorresponds closely with the maxima for folds, lineations
and pQ-sxes (Fig.20.2.3,4)., When the sub-aress sre
examined im detsil it is seen that the folds, lineations
end B -axes which form Small concentrations in the SE
gquadrant 1ie in the plane of the foliation whose T7T-poles
mark 8 minor meximum in the N¥ quadrant, Furthermore, these
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south-easterly plunging elementa are confined o the
north-eastern and southern margins of the granite mass,
the atyle of folding and sense of overturning of folds
are identical outside and inside the granite,

The sheaf of p-axes from the inclusions is
spproximately the same width es the sheaf of g-axes for
sny ares of the same sisze in the neighbourheood of the
granite (ef, Pig.20,4 withffig.25); the average maximum
contoup velus in A-ddagrems is slightly lese for sub-
sress imside the gramnite then for those outeide (Tabdle 20),
indiesting that on the scale of the sub-area the fabrie of
the inclusions in the granite is comperatively homogeneous.
The ecomparison of inclusions with country rock is graphiesll;
illustrated in Pig.,15 (emd pocket), where for clarity the
information is presented for only a narrow some of country
rock close to the granite boundary. The sub-areas are
arbitrarily defined, mainly by abasence of exposures beyond
their mergina, and each contains a large number of in-
elusions, large and small, separated by granite sheets,

A8 previously deseribed (p.165), in areas of constant
foliation attitule an average foliation surface is obtained
from the T -pole maximum, The average foliation surfaces
within the granite 1ie in the same plsme as the A -axes and
B-axes for mearby sub-ereas, The nature of the exposures
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prevents & direct meszurement of the degree of rotation
guffered by the small inclusions (Pig.,13), but does not
prevent an estimnte of the degree of rotation on 2 mueh
larger scele. The B-axes for the sub-aress in the granite
e 8 vhole ere given otatisticslly by Fig.20,2,3; in sny
sub-ares the B-axis conforms closely to the g-axis.

Three zones of orientation can be identified
within the granite (Pig.21).

In Zone I the orientstion of the B-axis for the
blocks is up to sbout 30° away from the regionel B-axis
in a verticsl plsne, This gone i3 developed along the
north-esstern and southern margins of the granite where
the contaet ies ususlly concordsnt with the foliation of
the country rock and dipe esst or SE. The B-axes in this
zone generally plunge gently S3E but the amount of deviation
from this generalisation is shown by 2 conmparisen of sub-
areas XVIII amd XX with the rest.

gone 11, which oecupies the larger part of the
interior of the granite mees, containe sub-areas whose
B-axes plunge IV st angles of wp to 30°., These inelusions
have been rotated from the regionsl B-sxis by from 30° to
60° in a verticsl plame. The aversge foliation surfeces in
the zone d4p gently BW or more steeply SN, The sub-areas
XI1 end XI1J on Oreag Bheithe wovld appear te be the
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continustion within the grenite of the steep south-westerly
8ipping foliation at Lymmaecgregor. Although structurel
measurements were made in eo msny inclusions the homogeneity
of febrie in this szone is remerksble, equslling in constaney
the sub-areas of the country recks, Towards the east side
of the zone the AS-oxis is wesk imdicating inerveasing de-
perture of the foliation surfeces from the eylindroidel.
Gone III is corfined to ome sub-area (VI) at the
western mergin of the granite vhere the comtaet is eteep.
The S-exis and $he B-axis plunge steeply to the FW and
the former has s week meximum, This G-axis has been
rotated by from 60° to 90° from the position of the regional
3-axis, uub-ares V lies astride the grenite contaet zome
and conteins & weak Q-gxis plumging at 45° to the SR,
The average foliationm surface in sub-areas west of the
granite is generally steeper than the regiomal foliation
dip of 30°.

2, EKinematics of the granite

The similarity in fold style, symmetry and
therefore kinematics of the follated rocks inside amd
outedde the granite, the coincidence of aress of similar
dip snd strike seross the granite contact some at Creag
Bheithe, and the fzet that nmowhere else in Nid-Strathspey
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neneralised geometrical rotation of blocks
in the Grentown Granite,

R, regiornal B-axis; open circles, B -axes

of 7Zone T; <cCrosses, A-axes of Zone IT;

bleck circles, A -axes of Zone III; A,

general axis of rotation, sense shown by
arrows,
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bat in the granite are IW plunging folds to be found sll
indieate that prior to the formstion of the gramnite the
blocks now in the granite were oriented with their B-axes
plunging SE at sbout 30°,

The progreszive rotetion of the blocks in the
grenite from their eriginel position is 1llustrated by the
rotation from & through I and 1I %o 11I on Fig.22, This
general ised rotation is ebout a sub-horizontal axis, 4,
which trends NE, But rotation is here used in a geometrical
end not & kinematic sense, The sense of geometrical
rotation in the gramite is enti-clockwise to an observer
looking HE slong the exis, because the upper surface of
layers snd folds in the country rocks corresponds to the
upper surfaced of layers and folds in the inclusioms,
Einematically there was extermal rotation of bloeks in the
plastic granite but meither direction ner sense of movement
can be inferred from the present date,

There must have been considersble wovement in the
granite to sllow the imclusioms, both large and small, to
take up their present positioms, loreover, the regulsr
pattern of orientation suggests thet the inclusions d4id not
move 8clely Ly gravitation in the plsstie granite dut were
carried o their positions by movements in the granite
itself, movements which were not, however, sufficiently



178

strong o disturb the bordering country roekn, Novement
in the granite in a plsne parsllel to the regionsl
foliatlion swrface and therefore parallel to the lomger
axis of the mass anéd %o the granite 1lls along the north-
sastern and southern wargine eould secount for this laek
of disturbence, It is not Imown to what extont movement
of the granite end the inelusions was reciproesl and
relative,

The regularity of orientation in Zome 1I is
perhaps due %o the faet that the Zome consists of a few
very large ireluled bdlocks seperated by thin plansr
granite sheets along the folietion surfsces, a condition
which would result in the meximum of eylindroidal homo-
geaneity.

in the absence of a penetrative structural
element in the granite the kinemetie picture must remein
inecomplete, The results can be summarised by steting that
the displacement in the attitude of bLlocks wes greater to
the weat side of the mass than to the east, Petrogrephie
similarity of inclusions end country roecks indicates thet
movement of the blocks in a vertiesl direction was mot great.

(£) structures within the Gremite Itmelf

Nowhere has the granite been sesn to contsin a
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directed strueture of its comstituent minersls, either by
form or lattice oriemtation, At several localities the
granite contains thin impersistent biotite-rich sheets or
'sehlieren’, Their orientation was messured and the planes
of the sheets ere rendonly oriented with respect to visible
eontacta, but over the granite as a whole tend to dip to

the southern hemisphere at variable angles., The significance
of these sheets in the structursl picture is not clear and
there i no evidence to suggest that they can be regarded

as "flow planes’',

Joints are common in the grenite anmd their
orientation has been measured at msmy locelities, The
great majority are steep or verticel with variable tremnds,
Lerge numbers dip either east or west at intermediate
eangles. In the rosd and railwey cuttings near Carm Luig
and at Tom a' Chaistell meny of the westerly dipping joinmte
contain thin quarts veina on which there are slickensides
plunging towerds the WNW at 50°, The grooving of the
slickensides shows that the planes were reversed faults,
the throw being unimown.

The Grantown Granite is therefore umsuitable for
study by the Cloos-Balk methods of granite tectonies,



(g)

180

Sumery of Evidence

(1)
(11)

(141)

(iv)

(v)

The eountry rocks sre characterised by:-

A regional dip to the SE and esst,

A regiomsl plunge of linear elememts st 30°

to the sSm.

Flexursl folding about B, The complexity emd
plastiecity of etyle and degree of inhomogemeity
increases southwards with migmetisation, The
8tyle is monoelinal, the folde being overturned
from the NE,

lovement was of upper layers to the W
relative to lower layers,

Lack of contact metamorphism by the granite.

The granite is charscterised by:-

(1)

(11)

(111)

in sbundence of inclusions of all sizes whieh
rotain all the features of the country rocks
except orientation.

Flanar and linear elements in the inclusions
tend to plunge NW at inmcressing angles eamd with
inereasing irhomogeneity away from the easterm
eontact,

Petrographic homogeneity and a lack of
internal structures.
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{iv) The granite mess is lenticuler in outline
end has a ateep western contect amd & gently
dipping conformeble eastern eomtact, Intern-
ally the granite forme a reticulate pettern
of dykes and 8ills between the inclusions,
There is a tendency for the foliantion of the
ecountry rocks te curve around the granite mess,

(h) Dbiscuseion of Origin

The Grantown Grenite is a eross-cutting blotite-
granite later in age than the metamorphism of the Noine
Series, and ecan therefore be considered to be a Newer
Grenite, presumebly of Caledonisn age, It is petrographicall
homogeneous and is scomevhat similar to the other Newer
Grenites of NE Scotland, but differs from them in that it
is seldom porphyritic, is fine in grain end has & unique
suite of inclusions - features which lead ome to believe
that only the upper part of the granite mass is exposed.

Kieroeline which i® in an arrested stage of
mechenical break-down forms the sparse phenoerysts (see
PP.155 ot Seq.). Some of the plagioclase crystals have
been embayed at ebout half their present size and have
all been zoned throughout their history. Some plagioclase
erystals are fragments of larger crystals, This petro-
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graphie evidence suggests that there is perhaps some
support for the kind of concept propounded by Duff (1842),
Ho considered that granite was emplaced at high pressure
end low tempersture as a mush of crystals lubriceted by a
small quantity of water, The crystals were derived from
& pre-existing rock,

The inclusions furnish evidence to show that at
the time of emplacement the granite was plastic end was at
e tempersture close to that of the country rock, that is,
probably below sbout 500°C, Gramite veins cutting the
inclusions show that there wes dilation on & small scale;
the ewrving of the strike of the foliation of the country
rocks erouni the mess suggests that there has been dilation
on 8 large sesle, Leedal (1952, p.39) comsiders this
feature to be typical of Scottish granites of Jaledonisn
ege.

It is concluded that the granite was generated
in a place and by e process unknown and thet it subsequently
moved into its present position along the foliation of the
country rock, making room for itself by foreible dilstion
of the latter, It is visualised that at the time of em-
Placement the granite consisted of a mush of crystals,
some being broken, with a 1ittle lubricant (es in Sosman,
1948), There was no tendeney for the granite to take on
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& directed structure, Inclusions of country rock, some
of which ere very large blocks, remained throughout at
least the upper visible 600 feet of the mass and suffered
increasing degrees of disorientation Sowards the western
margin of the gramite, but were mot greatly displaced in
a vertieal directionm,

If the granite be regerded ss & rheomorphie
derivative of pre-existing rocks there is e sufficiency
of mterial of similar composition (Pig.14) in the Hoine
Series to the west and south of the granite, Noreover,
the quartso-feldspathic rocks of the lMoine Series are
ecarried below the surface position of the granite by the
regionsl dip and plunge, If rheomorphism is to be invoked,
then the major difference between the granite snd the
quartzo-feldspathic rocks, viz, the zoning of the plagio-
elase, provides a clue toewserds deciphering the rheomerphie
history of the gramite.

The only other recorded complex which resembles
the Gramtown Granite is that described by Rumner (1943)
from the Black Hills, South Dekota., The Harmey Pesk
granite contains mumerous ineclusions which dip radielly
outwards to form s dome-shaped structure., The granite has
8 reticulate pattern formed by intersecting sills and dykes
along end scross the folistion of the inclusions. Rummer
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considers that the sills and dykes were successively formed
and that the inclusions were therefore never totally em-
closed by granite which was in the process of formation of
emplacement .

Rotated inclusions in granite masses have been
recorded from several localities (Lelubre, 1938; Uogné,
1950; Pitcher, 1952) end have been discussed by Roubault
{1952) emd Perrin (1954, 1958) who hes stulied some of
"the relatively rare cases of so-called displaced in-
clusioms, i,e, with discordent schistosities, suggestive
of displacement by s liguid."” (1956, p.12). Perrin has
devised & series of explamations for displaced inclusioms,
such as granitisation of a folded migmetite, gramnitisstion
of lavas containing inelusions, eruptive breccias or
development of new schistosity in the inelusions, yet he
has to admit that "there are certain execeptional cases of
displaced enclaves, described by suthore who have given
sketches thereof, that atill puzzle me" (1956, p.12).
‘The Grentown Granite furnishes clear-cut examples of dis-
placed inclusions whieh appear to the writer to be in-
consistent with formation of the gramite im situ,
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Statisticel treatment of pegmatite, granite
and quartz veins, Spey-Dulnain watershed.

1,

2.

Poles of planes of 441 pegmatites;
contours, 1-5-7¢; maxima normal to hOl
and hkO, o
Poles of pleanes of 51 granite veins:
contours, 2-10-1%}; maxime normal to
hOl and hkO,

Poles of nlanes of 57 quartz veins:
contours, 2-10-15; maximum normal to
ac pleane,
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SOME CEWERAL ASFWOTS OF THE GEOLOGY
OF MID-STRATHSPEY

(a) Post-tectonic Acid Veims

Ae ypart of the inmvestigation of the relationship
between grsnitie rocks end structure in Nid-Strathspey, a
statistical study was made of the orientation of the sbund-
ant post-tectonic quarts, granite and pegmetite veins whieh
eut the migmetites of the Spey-Dulnain watershed, The
results are sumarised in Pig.25. The veining is most
intense where the migmatisation and the deformetion have
been stromgest, viz, on Oreeg an Fhithich, dut the veins
mdoubtedly post-date the migmatisation phase, The veins
are not visibly connected with eny granite mass,

The veins are planar and seldom excoed two feet
in thickness, liany can be seen to thin out laterally, only
$o be succeeded by a further, neighbouring vein en echelon,
Nost of them ere responsible for displacements of structures
in the country rock which cam only have come sbout by
dilation mormal to the plame of the vein (Goodspeed, 1940;
Jaeger, 1951), As recorded by Himxmen end inderson (1915,
PP.39,45) many grenite veins are found to grade to a
vegmatitic mergin, and although Apderson (p.39) considered
the granite to be a later intrusion slong the middle of the



GNEISS

W
PEGMATTE

. 2rer 4

GNEISS

&
: 3
PEGMATITE &
% & GNEISS
” -
3 / areET | _zrer S

rig. 24 Plan views of various post-tectonic acid veins of the Spey-
Dulnain watershed,

Y o

'O Craig Garten,

1 -
4 g
2,3,4. Creag an Fhithich,

Q 0%



186

vegmatite, Hinzwan (p.45) saw no grounds on whiech to decide
which part of the vein formed firet, Ramberg (1958, Zlates
1 and 9) has reeemtly figured exeellent examples of the
same phenomenon which he considers to be the result of
peguatite replacing the pre-existing granite vein., On
Oreag an Fhithich the writer discovered examples of com-
pound veins with pegmatite developed on ome side enly,
end with ome exeeption the pegmetitie mergins occupied
the upper sides of the veins, Purthermore, in some com-
pound veims the pegmatite is restricted to the middle,
vhile in meny pegmstites the middle is rich in quarts.
These compound veins are cheracterised by complex structures,
either the merginsl or the intermsl portions sometimes
branching from the mein vein into the country roek (Fig.24).
The sppearence of the large feldepers in some compound
veins suggests that they grew in the granitie matrix after
emplacement (Plate X).

fhe pegmetite veins comsist of gquarts, oligoclase,
mierocline, biotite, mmecovite end cccensionsl evhedrsl
erystels of red garnmet up to 5 mm acrose, The mices sre
usually concentrated at, amd lie with their cleavege normsl
to, the vein mergine, The granite of the veins is pink,
medium grained and biotite-bearing ond canrot be die-
tinguished from specimens of the Grantown Granite mess,
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Statistically the pegmatite and the grenite veins
have the seme orientation (Fig.23,1.2), It has mot been
found possible to separate compound from simple pegmatites
on & structural besis, The atronger of the two TT-pole
maxima represents veins in planes which are h0l with regard
to the regiomal fabrie, while the lesser meximum is normal
to an hk(0 plame. A few degrees latitude from the ideal is
eéllowed in indexing the plare, In both Pig.23.1 end 2
there is a slight spresd of the contours towards am hkl
plane whick is vertical and trends NEW, and 8 very weak
distribution in the s¢ plane, By contrast the Tl-poles
of the plames of quartz veins heve & strong meximum normal
to the s¢ pleme with a slight spreed towerds am hkO plane
(rig.23.3).

The field evidence shows that the pogmatite snd
granite veins are iwveriably euvt by quarts veina, The
vegmntite and granits veins transgress the quartso-feld-
spathic segregations formed during migmatisation (Plate VII).
The plamar extent of many of these veins and their re-
lationship to the fabric indicates that they f1lled joints
or ineipient Joints, The close asssociation of the pest-
tectonie veins with the syntectonic acid segrogations
suggesta, but does not prove, that the later material was
formed by & re-working of acid meteriasl already presemt in
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the migmatites,
The sequence of evente in this district ean
therefore be summariced as follows:

liovements and plenes
available

fype and localisetion
of veins

1.

Regional monoclinic move-
ment; slip on 3,, folding
lhlt!:&_lﬂ!'m
planes of struetursl en-
isotropy.

Stresses lesding to open-
ing of planes h0l smd o
& lesser extent hkC,

Stresses lesding to open-

ligmatisation; iw?
feldspathic segregation
along 9.!. granitie sheets
along !,-

bilation of openings and
filling by grenite and
regmatite; latter possibly

formed later by recrystall-

isation of granite (%).
Pilation of openings and

ing of ge end %o a lesser  filling by quarts,
extent hkO plames,
(b) The Relationship between Wigmetisation snd Structure

Vhen the first indicetions of distinet migmatis-
etion of the rocks on & large secale are plotted onm a



([

LOCHINDORS | 2 j
U//// )/) Nor ™™ //)//

V)
Y =

—
—_DuLNAaIN
BRIDCE

>z

A - B-axes
B -oxes of small folds

C - lineations

Number o measurements in top left hand
corner of each diagram. Broken line marks

onset of general migmatisation. Structure
generalised by torm lines of foliation strike.

o ! 2 3 4 miles $

rig. 25 The relationship between migmetisation and
structure in Mid-Strathspey,



189

structural map of Mid-Strathepey, the migmetite boundery
or '"fromt' is seen to trarogress the structural levels
obliquely (rig.25). Therefore migmatisation has not been
controlled entirely by tectonic depth, progressively
higher structurel members being migmetitic towards the 5.
Noreover, the unique position of the migmatitie rocks of
the Grantown Group ies further emphasised. The Revack rocks
aere outwith the zome of genersl migmstisstion end do not
show an inerease in structursl inhomogeneity compared with
their surroundings as do the rocks of that zowe to the
south (ef, Fig.ll with southern plots om Fig.25). 4s ne
metemorphic zone boundary crosses the ares it is not
possible to determine whether the isograds coincide with
the migmtite front or with a particulsr structural level
or with neither,

It has been stated, e.z. by Wegmenn (1929, p.108),
that inereasing mobility of rocks resulte inm am ineressing
spread of the sheaef of axial elements., No example of such
8 Spread has been recorded in the literature kmuown to the
writer., The structural mep of the Spey-dulnain watershed
provided by Melntyre (1951) lesds one to believe that there
the astruetural homogeneity is as greet as in other parts of
uid -gtrathepey, It has been showm (p.165) that there is a
regular inerease in plasticity of fold style with the
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bata from structurel diagrems on Fig, 25.

District Mor gggu :2811-1 Apieal Avmnl
e, e, ve of
lnmunanmoof %u -numiu
-axes folde 1l1ineations

Borth- '

eastern 7 14° 34° 52° 39y,

middle 13 56° 60° 77° 26¢
Southern 18 95° 108° 120° 2lg

ngh 15 80° 88° ° 1s0° 244
Grantown

granite
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inerease of migmatisation to the south, To demonstrate
this statistically the thesis ares has been sudb-divided
into three districta desimmated north-esstern, middle amd
southern, for which the Grantown-Forres railway end the
River pulnain are the dividing lines, By symoptic treat-
ment of the data therein, the progressive decrease of
struetural homogeneity with inerease in migmatisation cen
be shown, The results of plotting the S-axes, small folds
and 1ineations for sech district are shown i» Fig.g5, snd
the apicel engles of the sheaves or comes of elemenis es
measured on the Sehmidt met ere given inm fable 20, The
enguler syread of the sheaf of a1l three elements ineresses
markedly to the south, PFPurthermere, in each distriet the
A=-axes form the closest sheaf, followed im order by the
small folds amd the lineatioms, It i thus clear that A3-
diagreme - representing the attitude of the foliation - are
more reoliadle indicators of homogeneity than diagrams of
folds or lineations although the last two give a good
indication of the regiomsl fold axis, With the widening of
the sheaf of alements to the moutk so the average value of
the mexime in the g-disgrams decreases regularly indicating
en inereasing departure of the foliation surfaces from the
eylindroidal, The veriation in homogenmeity in Mid -Strath-
spey ie not markedly affected by the presemee of different
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rock types as the middle district contains a wide variety
of types both competent end incompetent, The apieal angles
of the comes are not absolute indicators of inhomogeneity
but give & relative indiecation of the departure of the
folds from the ideal. This treatment brings out the close
connection in time between folding end migmatisation.

For comparison the figures for the conical sngle
of the sheaves of elements from inclusions within the
Grantown Grenite are added (see slse Fig,20)., The inclusions
in the granite have am imtermediste degree of inhomogeneity
between rocks of the middle and southern districts, 7The
eause of the inhomogeneitly in the two examples is, however,
quite distinet, The inhomogemeity of the country rocks is
due %o syntectonic migmatisetion amd mobility, while the
flowege of the post-tectonic granite has caused the inhomo-
goneity in the oriemtation of the inclusioms.

the evidence comstitutes statistieal proof that
the dispersion of the Tl-poles from the great eirecle
increeses as the granitisation of the rocks becomes more
intense. IV also gives an approximete messurs of the in-
homogensity o be expected in migmetites at the kysnite
soue of metamorphism,
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(e) Grede of Repionsl Netemorphism

The mineral assemblages developed in the several
rock types have been compared im order to determine the
grede and facies of metamorphism attained by the rocks,
Farthermore, the stemderd Barrovian somes in pelitic rocks
ean be related to the metamorphie facies, a system of
classification which applies $o ell rock types., The roeks
of uid-strethepey are found to lie within & single meta-
morphie mone - the kyanite sone - whieh is the equivalent
of the lower ssphibolite feeies., The presence of the
kyanite mone in Mid-3trathspey is not entirely in accord
with Kemnedy's thermal map of the Highlemds (1948, p.230).

1. <uertzo-feldspathic roeks

fhe most common sssenmblage is quartz-caleie
oligoclese-microcline~-biotite-muscovite with occssional
garnet; this grouping is slso found in most of the gramitie
rocks of the aerea, Quartso-feldspathic rocks of this type
are kmown to be stable over a wide range of P-¥ comditions.
1t is therefore difficult to aseign them to a particuler
narrow grade of metemorphism, RKamberg (1952, p.150) has
suggested that the soisite = ang, equilibrium be used
to define the base of the amphibolite faeles., Small
l-ont' of clinogoisite in apparent equilibrium with
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plagioclese (ang,) occur in the quartso-feldspathic rocks

of the area, This evidence indicates that the P-T conditions
under which the rocks formed were approximately at the
boundary between the epidote-smphibolite and the awphibolite
facies,

2., Pelitic and semipelitic rocks

The pelitie rocks of the area contain the
sesenblages biotite-muscovite-kyanite-quertz-caleie
oligoclese and biotite-muscovite-garmet-quartz-caleie
oligoclase end thus can be sssigned to Barrow's kysnite
sone of metamorphism, Moreover, the presence of in,, in
the semipelitic rocks also indicates the sone of kyanite
or sillimenite (Vogt, 1927).

Gorrelation of metamorphic facies with Barrovian
zones of progressive metemorphism has been attempted by
Turner (1948, p.78). 1f, as is believed for example by
Harker (1950, p.224), the staurolite end kysnite zones are
more or less coincident, with steurclite equivalent to the
lower kyanite zome in rocks of appropriste composition,
then the kyanite some occupies moat of the lower part of
the smphibolite facies,

3. Semi-galcareous rocks
The standard sugcession of motamorphic zZones in
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these rocks hae been deseribed by Eemnedy (1949) from
Western Invermess-shire, The usual @evelopment of minerals
in the Nid-Strathepey calc-silicate 'granulites' is quarts-
rlagioclase (An., %o n“)-mut-homm—opuwo with
occcasionsl caleite.

As discussed sbove (p.49) the presence of horn-
blende, intermediate plagioclase smd epifete, and the
eboence of pyroxzene indicate that the rocks are in the
kyenite zome and belong to the lower smphibolite facies
(1949, pp.50,53).

4., Impure marbles and sssociated
cale-8ilicate rocks

The merbles contein the assemblage caleite-
tremolite-diopside-phlogopite-microcline with eccasional
quarts. furner (1948, p.80) snd Remberg (1952, p.150)
regard the lower limit of the emphibolite facies as the
point at vhich diopside takes the place of tremolite in
presence of caleite. The rocks therefore belong to the
lowest part of the amphibelite facies; all the tremolite
has not yet been mede over to diopside althourh ealeite
and qusriz sre both available in the rocks, Chemiceally
the roeks are rich in lime and mwagnesia, have intermedinte
amounts of iron oxides and are poor in silica end alumine;
potash is abundent relative to soda,
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fhe non-galeitic cele-silicate rocks have the
assenblage tremelite-pllogopite-epidote-plagicelase-~
mieroeline-diopside-quaris and are closely associsted in
the field with the impure marbles, %he presence of sparse
but stable diopside, snd plagicclase ‘"ﬂ’ end epidote
together, again indicate the lower smphibolite facies,

5. Basiec igneous rocks

The occurrence of rocks containing hornblende-
piagioclase-biotite-garmet-quartz, as the end-product of
the changes in & basie igneous rock, indicates once agaim
the lower amphidolite facies (Turmer, 1948, pp.78.82).
Lhe preseunce, at Craig Hevack, of a schist with the
a8semblage hornblende-plagioelsse~epidote~-bictibe-quarts
is also consistent with attribution to the lower amphi-
bolite facies (Turmer, 1948, .69). The plagioclase in
both the shove exsuples is andesine or labrasiorite end ie
in equilibrium with the epidote,.

(d) 4cid end Besie Rocks -~ Contrasts emd Couperiseme

Within the compase of this thesis there have been
described seversl distinet types of meid snd basie rocks
which can best be compared and contrasted under the headings
of time of emplacement, wode of erigin end emplacement, and
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structurel control over emplacement .

Yime of emplacement In general it cen be said
that recrystallisation continued after the mein movements
hed cessed. The completely metsmorphosed basic rocks of
the valleys of the Spey snd Dﬂmummpr;u te
or during the metamorphism, It hes been chown sbove that
the migmatitie rocks in the south of the area are syntectonie
ia age, a8 are the grenitic rocks of Oraig Revaek whose re-
eryestallisation, however, continued until late in the move-
ments, The basic igneous rocks near Lochindord were in-
truded late in the metamorphism and suffered chemiesl
rather then physical break-down et & relatively high
teuperature, Both the large granitiec mass of the Grantown
Granite and the acid veins of the Spey-lulnain watershed
ere post-fectonic but their relation to each other in time
is not elear,

iole of origin eni owplacement  The formatiem
of the migmatitic rocks of the south involved the segregation
end rearrengement of quariso-feldspathic material from the
pro-existing roeks into small, irregularly distributed
bodies. Smell quantities of alksline fluxes increused the
ehemical reactivity ani physical mobility within the roeks,
The granitic roeks of Uraig Revaeck originated in essentially
the same way, but here the presence of copious supplies of
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fluxes euhenced the mobilisetion of materiel, the tremsport
of alkalies end the segregstion and fixation of moderately
8iged granitie bedies, all without disturbing the pre-
existing struetural trends in the perenmt rocks. Smsll
Scale replacement sccompanied these Segregations. The
physieal conditions in the sbove oxemples were those of
high grede metowerphism, mnemely, moderate tempersture and
high pressure.

fhe Loehindorb besic roeks retein undoubted
igneous textures and were intruded se lenseid eills,
taking up very few fragments of the coumtry rocks, Move-
ment inm the country roeks afber imtrusion was #light dut
the Vemperature remained suffieiently high for considerable
roconstitution of the basie vocks to take place. The
sbsence of hornfelses suggeste that the temperature differ-
ence between intrusion end wsll-rocks wes not high,

The pest-tectonic granitic rocks were emplaced
prineipally by the dilation of joimts im the cese of the
thin velns and of the foliation in the csse of the larger
uasses, The large, mimeralogicslly homogeneous Gramtown
mass took wp amd displaced numerous imelusioms of cowntry
Tock and wes therefore in & plastic stete &t the time of
emplecement, The vertical displacement of the inclusions
was not, however, great, 45 with the basie roecks the laek
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of hornielses indicates thai the temperature difference
between granitiec and country rocks wes not great, but the
temperatures were lower then in the basic recks, It ie
postulated that the grenite wes empleced under considersble
pressure. %The origin of the grenite, however, remsins
obscure., Some of the pogmetite veins in the south have
possibly been formed by e process involving reerystall-
isation of pre-existing granite veins.

structural control over emplacement At every
stage in the plutenic history of the region the structure
hae exerted strong control over the localisation of both
granitic amd besic roclks,

the syntectonic roeks tended to form aleng
surfaces of diseontinuity which were then being mie svail-
eble, Segregation was most common where deformstion was
moet imbense, 4% Oraig Revaek the granitic reeks oeeupy
the erest of en sutiform and were presumebly fixed st a
site of vrelabively low stress, They heve loeslly pierced
the cover rooks in & diapiric fashion late in the movements,
The late-metemorphic besie rocks formed as concordsnt lenses
rather then eills. In contrsst the post-testonic rocks
woere formed in positions controlled by pre-existent surfaces
of structursl snisotropy sueh a8 jJoints and folieotion sur-
faces.
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SUMMARY OF OOECLUSIONS

(a) The rocks of the Moine Series attained their
present condition by the regional metamorphism, without
much metasometism, of & series of siliceous, pelitic and
subordinate semi-calcereous sediments, In partieular:

1. The foliation and banding are parsllel to
the original bedding.

2. Tourmaliniferous bands in pelitic gneisses
represent a concentration by fixation of boric oxide
originally dispersed through the swrrounding rocks,

3. Layers and nodular bodies of cele-silicate
‘grenulites’ were formed from esleereous layers snd con-
erotions in the original pelitic snd siliceous sediments,

(b) The Grentown Group

1, The roeks of this group have besn formed
from a variety of caleereous and eluminous sediments of
which four types can be recognised.

2. The Group a# a whole is an integral part
of the Noine Series,

3. The cosrse gneisses on the west side of the
Group sre considered to have been formed from normal
pelitic and semipelitic roeks by the fluxing action of
earbon dioxide released during the metamorphism of the



impure limestones structurally und erlying themn,
4. The uwprising carbon dioxide assisted in the
mobilisation and differential fixation of alimlies.

(e) The granitic roeks of Uraig Revack within the
Grantown Group.

1, These are syntectonic in relative age.

2. Fo poseible feoder for the grenitic rocks
has anywhere been found,

3. The greanitie rocks pierce the overlying
gneisses at the crest of the Reveck antiform,

4. 7The eorigin of the granitie rocks lies in an
extension end intensification of the process outlined in (b)
3 and 4 sbove. The carbon dioxide transported alkslies and,
in favourable loealities, the distribution of which was
eontrolled by the structures them forming, feecilitated the
formation of granitie rather than gneissie rocks,

{a) buring the regional metamorphism snd deformation
the Moine Series and the Grantown Group suffered a single
monoclinie deformation about e B-axis plunging east oy SE.
The sense of movement shown by all structures on all scales
is of the upper layers moving to the 3§ relative to the
lower layers.

{e) The post-tectonie Grantown Grenite was emplaced
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in & plastiec state at a temperature close to thet of the
country rocks, Space for the granite was provided by the
foreible dilastion of the country rocks prineipally slong
the foliation, DNumerous blocks of country rock were dis-
placed from their originsl positions by the greamite, the
amount of displacement incressing towards the weat side of
the mass, Amongst these blocks The grenite forms a complex
of thiek dykes smd sills, It is temtatively suggested

that the granite mey have been intruded a8 2 mmsh of crystals
which were in part derived from the pre-existing rocks by

a rheomorphie process,

(2) The basie rocks in the Moine Series nesr
Lochindord are slightly meteamorphosed gabbros, which were
intruded as lensoid eills at a late stage in the meta-
morphism when the temperature was still high, High
temperature rather than pressure appears to have been the

governing faetor in determining the metamerphie changes
suffered by the gabbros,

(g) General aspects.

1, 7The post-tectonic acid veina in the south
of the ares were empleced slong joint plenes controlled
by the regional structural sxzes,

2. In the Moime Series both plasticity of fold
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style end migmetisetion incresse towsrde the south,
digmatisation wes mest intense where the deformstion wee
most promounced, The sheaf of S-axes, folds and linestions
becomes progressively wider towards the south, indicating e
ecorresponding inerease in the mobility of the rocke, The
planes along which migmatised material was preferentially
formed were planes of weakness controlled by the structursl
axes,

3. The minersl assemblages from the five rock
types which predominate in the area indicate that the whole
of Nid-Strathspey lies within the kysnite szone of meta-
morphism which is equivalent to the lower amphibolite fecies.
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Plate




Todules of cale-silicate °* uwlite' in bgnde
of quartzo-feldspathic gneiss, Carn &' Chille
Chearr (p.25). The meldules are concentrically
zoned, the outermost zone being relatively
rich in bictite, Some bends sre charseterised
by several nodules,
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Layer of eale-silicate 'granulite’ with e
leached caleitice interior, 50 yerds BW of
the top of gern nql ne Caorach (p.26).

uigmetitie quertso-feldspathic gneiss, Stac

an Toisiech, The roek is hi?ly contorted
and the folietion is ltm p.51).
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Lens of garnetiferous lite in the

e L A
e

(left), 400 yards south of Carmloeh (p.58).

Thin ateep sheet of hornblende-'granulite’
cutting messive amphibolite, 400 yarde south

of garmloech (p.56). The sheet can be seen
to contain feldsper porphyroblasts,



Plate TV




PIATE V

menivs PYMisltte with watn yhemie aetd
ve e
(beneath hesmmer hemdle), 350 yards south of
carnloch (p.60).

Quarts lemses in coarse pelitic gneiss, west
side of graig peveek (p,102).
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PIATE VI

erossed eteep slip surfeces S,
pegmatite in baeckgroumd,
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PIATE VII1

Block of migmatitic gneiss in the medium-

greined Grantown Grsnite . Mh mil
end ite are cut w:utl
{r.154). West Iuc

c‘nnmc of ag:rtcu Granite :itﬂ‘ m‘lg::;n
specimen ghowing lsck contaet -
ation (p.24). Prom west side of ¢reag Liath,
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PLATR IX

rusnhr %' surfage in
migmatitic ul ( Stae an Toisieh, Thin
biotitie wails prod m’érug‘ into the
granite (p.53).
gphitic texture in messive amphibolite (265)
fron interior of matemorphosed lens of
gabbro, garn nsn (p.58).
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¥igmatitic 88 con £ thie 8
Y“:a ’utahn-gch "Wlsm“:l:m m-ug“
’0 .

omm tite, Stac an Toisieh (180),

appear to be blaste
:ho gramitic metrix (p.186). 3-'.'.’ on

m;im merks eontact of vein with country
roe
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PIATR II

o8e
These roeks overlie

ilicate rocks.,

Specimens 179,
ing upwards) are from Wester

of the pulmainbri

Burn and the River

¥ie rooks

specimens to illustrate the
8ize and loss of
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Plate XI




gﬁ:ﬂ gquertso-feldspathic gneiss of the

Series (45), Creag Bheag (p.28).
groased unl:. )n.u 2.7 me lo:s. :

Large irregulerly shaped quarts erystal in
qugn«toum'{u gsou: (48) , Creag Bheug
(p.28). crossed nicols, rield 2.7 mm long,



Plate XII




PIATE XIIX

tmahrm, of mierocline in ieal
continui ﬁthmuothcinapxg:m

erystal (
Shilloehen (p.29)., Crossed nicols, noil
2.7 mm long,

Garnetiferous muscovite-biotite-gned y
go;-o-!rl&.u). Ordinery light, n!'h'”"
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PLATE

de gneiss (293)
lese and biotite, Carm a'
Orossed nicols,

%

11

. plaioe
o/ mm 1

Typieal s
uartsz

ghille

rield 2

te in pelitie

Thin albitie
interior of the
Pield 2.7 mm long,

grystel of mi

gneiss (102), Creagan :
veins o‘nr)hnth L T
erystal, Croesed nicols,
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rypical ecale-silicate 'gremulite’' (246), Carn

&' ghille gheerr (p..z. ¢linozoisite,
garnet and poikiloblastic hornblende (all hi
relief) are set in & matrix of quartsz and plagio-
clase., Ordinary light, PField 2.7 mm long,

Reliet ophitic texture in amphibolite (266),

gern nsn gabhar (p,.62). Augite with smell
iron ore ineclus

dons is rimmed by hornblende.
ordinary light, rield 6.5 mm long,
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PIATE XVI
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PIATE XVII

ophitic texture pseudomorphed entirely by
hornblende (450), Bv slope of (am Sgriod
(g:.u-t). Iron ore erystels within horn-

; Some biotite present; in
e tendency for an og:?mur hmgw.hiu—
foclase mosaie orm, Ordinery

light, prield 2.7 mm long,

garnetiferous bolite (257), south of
garnloeh (pp.66-7). Regged garnets are
surrounded & gone in which plagioclase,
hernblende and biotite are intergrown,
ordinary light, Pield 2.7 mm long,
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PIATE XVIiI

:m marble (95) conteining a of diopside

ular c::.!gi h&t)-‘l’:g:ll Bil1l ¢ .!07-8)
gran e " PP. .
Crossed nicols, Pield 6.5 mm lomg,



XVIII

Plate




PLATE IXIX

micaceous ecale-silicate rock (468), Pinlarig
wood (P.BO). Thie roek contains phl ogﬁc.
end plagioclass,
6.5 mm long. _

grenulitie cale-silicate rock (177), 2&!
Eill (pp.92-4). This rock conteins g 2
epidote and biotite. Ordinary light,
Pield 6.5 mm long.
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Amphibolitic eele-silicate roeks, comasisting
of actinolite, diopside, gquarts and mierocline,
Top, 110 from graig Reveck; bottom, 175 from

Quarry. Ordinsry light, PFields
2.7 mm long,



Plate XX




Diopsidic cale-silicate rock (355), Craig

gxuk (p.95). 7The irregular poikiloblastic

it can be seen, (rossed nicols, Pield
6.5 mm long,

S kysnite is muscovi

biotite encloses small prisme of accessory
tourmaline; gquartz forms the remainder of
the roek, ordinery light, rield 2.7 mm long,

ite- 88 (538), Gaich wood(pp.99-101).
Eyanite-gneiss (338) ~ FD”
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goarse muscovite-biotite-gneiss (108) from the
Dulnainbridge-Revack belt, east side of Craig
Revack (?.10:-100. A small garnet ie seen on
the right, A hand specimen of this type of
roek is shown at the foot of Plate XI. ordinary
light, pield 6.5 mm long.

Plegioclase-gneiss (358), graig Reveek (pp.106-
107). The rock consists mainly of oligoclase
with lesser amounts of gquartz end biotite,
¢rossed nicols, Pield 2.7 mm long.
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PIATE IXXII1I

Plagioclase-epidote roek (240), Craig Revaelk
{pp.107-109) ., In this specimen epidote, dusty
2 oclase and quartz ecan be recognised,

nary light., pield 2.7 mm long.

Broken plagioclese erystel in the Reveek ta
gm) (p.125), The shears do not extend into

he surrounding minersls, (rossed nicols,
Field 2.7 mm long.
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mmum-mo:mmmcmm

%n u;uc ggnml of the nmk gnnito
’. . .’ H b."-. .
oc f lemelise are displeced by 31
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Irregularly shas mierocline crystel with e
disecontinuous oclase border, Reveck granite
{ﬂ:) (p.126). orossed nmicols. Pield 2.7 mm

peformed tal of microcline in the Revack
granite (109) (p.127). crossed nicols, TField
2,7 mm long.
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Eyrmekitie quartz within tals of microcline
in the Revack granite, (387) (p.127). Crossed
nicols, Pield 2.7 mm long.

?ypicel field from thin seetion of the Grantown
granite (111), gortom Hill (pp.155-161).
Subhedral biotite and zoned ol

enhedral quartz and mierocline eam be recognised,
groesed nicols. Prield 2.7 mm long.
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