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ABSTRACT

The area studied, approximately 12 sq. km. in extent, lies at the
landward end of Loch Laxford. Field mapping on a scale of about
1: 2,500 was followed by detailed petrographical, geochemical, and
spectrochemical analyses.

The rock groups can be divided into 1. four groups of gneisses,
namely the Claise Fearna, Badnabay, Weaver's Bay and Laxford Bay
gneisses; 2. the Early Igneous Rocks, comprising metaperidotites,
hornblendites, garnet-pyriclasites, amphibolites, plagioclasites, and
metadiorites; 3. the Trondhjemitic Injection complex; and 4. the
Granitic Injection complex.

It is concluded that two metamorphic episodes have affected the
rocks thust an Barly granulite facies (= ?Scourian) metamorphism and
a Later amphibolite facies (Laxfordian) metamorphism.

The gneisses are metasedimentary in origin, the parent rock
being greywacke. The metagreywackes have suffered both metamorphisms
and are now represented by trondhjemitic, quartz—dioritic,
granodioritic, and granitic gneisses. They were intruded by those
Early Igneous rocks that appear to form part of differentiating
igneous series, that is, the metaperidotites, hornblendites, the meta-
gabbro-anorthosite rocks, and the metadiorites. This igneous series
has also suffered two metamorphisms. Certain amphibolites appear to
be equivalent to the Scourie dyke swarm and are considered to be
meta~tholeiites intruded after the granulite facies metamorphism dbut
prior to the amphibolite facies metamorphism.

The Trondhjemitic Injection complex developed during the early
part of the Laxfordian 2?§§iﬁ§?and was accompanied by an extensive
sodium metasomatism. Some trondhjemites are folded whereas others
cut the Laxfordian foliation.

The Granitic Injection complex developed during the Laxfordian
metamorphism and may have partly overlapped the Trondhjemitic
Injection complex. The Injection complex proper (The Cnoc nan Cro

group) has produced a series of microgranites, granites and



pegmatites intruded concordantly into the pre-existing rocks.

Extensive potassium metasomatism, associated with the complex, has
produced the Badnabay group — a series of microgranites,

microsyenites, and other granitic rocks - and microgranite~trondhjemite
bodies. The Laxford Quartzofeldspathites are granitic bodies
developed locally by anatexis.

The Laxfordian phase of folding has produced NWSE folds
plunging SE and an associated axial plane foliation that dips to the
SW. A late phase of E-W folding is also seen. NE-SW and WNW-ESE
jointing, occasionally filled by pegmatitic material, represents the
final phase of the Laxfordian metamorphism.
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I. ZIiL!'RODUCTIQNL

Geological baci :round

In tne Lewisian co iplex of the North est Highlands,
three zajor :ones were recognised and described by the
Geological survey (Peach and others, 1907, PpP. 126-7
and pp. 172-190). these are (fig.l) (i) the northern
zone, extending fro: Cape “wrath to a line between Tarbet
and Ben vreavie; (ii) the centr2l zone, extending from
this line to Loch Broom; and (iii) the southern zone,
extending southwards from a line between Gruinard Bay
and Loch na Shenllag, to include all remaining outcrops
of Lewi:ian rocks. Ac _ording to the Survey the northern
zone consi:ts otf interbanded grey biotite-gneiss,
hornblende-biotite-gneiss, hornblende-gneiss, and
amphibolites, intruded by later granites and peg.atites,
which are most abundant towards the southern nargin,

The central zone is typified by grey pyroxene-granulites
and pyroxene-gneisses, The southern zone is similar
to the northern zone excupt ror the occurrence of
metasediments in the Gairloch and Loch llaree districts,
the occasional patch of pyroxene-granulites, and the

absence of granites.
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The.;e zones were contir:ed by Sutton and «+atson
cnd used to define the Scourian and Iaxfordian coplexes
(5utton and Vatson, 1951, p.292) the foruer occupying
the central zone ot the Geological Survey and the
latter occupying the northern and southern zones. Un
the basis of the progressive eta orphis. of a series
ot Li/-JE trending dolerite dykes, _utton and VWatson
(1951, +.295) -eparated the two eta-orphic complexes
in time as well as svace, thus establishing a metavorphic
history for the Lewiszian, a 101l ws:-
(1) An earlier metamorphism (Scourian) which gave ri.e
to charnockitic gneisses in the north and hornblende -
and biotite-gneiscses in the south.
(2) The intrusion of a series of MW-JE trending
dolerite dykes.
(3) 4 later metamorphism (Laxto:dian) which resulted
in the roraation or.hornblende - and biotite-gneisses
in the north and south and the transfor ation ot dolerites
into a phibolites, 1n the north granites and pegmatites
were associated with this meta iorphism, while the central
zone was unatrfected by it,

This sequence of events has been partly confirmed
by age determinations. A range of ages from 1900 million
to 2460 1illion years has been obtained for pegnatites

occuring in the Scourian (Giletti and others, 1961, p.241)

2



while specimens rrom the Laxtordian yield a ranze of
ages from 1160 million to 1620 million years, It has,
thererore, been suggested that the .courian metamorphism
occurred at least 2,460 million years ago and the Laxtordian
metamorphism occurred between 1,600 :illion and 1,500
million years ago (Giletti and others, 1961). lore
recent age-determinations have distinguished around
Lochinver a further meta:orphism (Inverian) of almandine-
amphibolite facies occurring 2,200 million years ago
(Evans & Lambert 1964).

The area between Loch ILaxrord and Loch Cairnbawn
(tig 1) is furt:er divided by Clough (in Peach and others,
1907, p.126) into three belts, thus:
(1) The southern belt, which belongs to the central
zone (Scourian).
(2) The niddle belt, part of the northern zone, where
the hornblende and biotite gneisses are partly granulitic
and are invaded by acid veins and cut by shear belts
(Transitional).
(3) The northern belt, in which the hornblende and
biatite gneisses are invaded by numerous sheets of granite
and pegnatite and shear pelts are absent (Iaxfomiian),

Watson (in Sutton and Watson, 1951) recognised a

series of 1tive zones on a structural and mineralogical
basis, representing a gradual transition from Scourian

rocks into Laxtordian rocks at the northern junction

- 3 -



between the two co.plexes (map 1). These zones are

(1) The Jcourie zone (part ot Clough's southern belt)
wvhere the eftrects of the .courian metamorphism are stiil
do :inant; this zone is cut by occasional Laxfordian
shearbelts,

(2) The Claist'earn zone (equivalent to part of Clough's
middle belt) where the acid charnockites have been

co pletely metanorphosed, There is a constant KW-SE
strike and shearbelts are more numerous.,

(3) The roindle zone (also equivalent to part ot Clough's
middle belt) which charges in character from the south-
west to the north-ea. . t. Gradually the original banding
is obscured and a new toliation ot Laxiordian age is
produced.,

(4) The padnabay zone, equivalent to part of Clough's
northern belt, where the gneisses are plane-banded and
intruded by numerous sheets ot granite, The tolds are
plastic and the toliation parallel to their axial plane,
(5) The Laxrtord zone, also equivalent to part ot Clough's
northern belt, where an axial plane toliation is not
developed, and the mineral banding appcars to represent
original Scourian banding. The gneisses exhibit plastic
derornation.

The Scourie, roindle and Badnabay zones represent

"g progressive structural series whose evolution is

controlled by the increasing aobility produced by

-4 -



weta.orphism" (op.cit., p.279), Vatson sugrested that
these three zones together with the Laxrtord zone show
a cequence or changes indicating that granitisation
advanced rrom the north-east and cul :inated in the
de.eloonent of numerous granites and pegiatites in the
Badnavay and Laxtord zones., A series o1 mineralogical
transtormations associated with the development of

a .phibolites from metadolecrites suggested that the degree
of alteration is a .easure of the intensity of the
Laxfordian ueta orphism, In the ILaxford and Badnabay
zones metadolerites have been completely altered to
a..phibolites.

Nutter (1953),who carried out unpublished research
on the trace elemnents of the granites and pegmatites of
north-west Sutherland, reached only general conclusions:
that the regional variation in the trace ele:xents was
consistent with Watson's hypothesis (op.cit.) that the
Laxfordian .:etamorphis:, acconpanied by the intrusion
of a series of NW-3SE trending granite and pegmatite sheets,
advanced fro:: the north-east to a line one mile or so
gsouth-west of Laxford Bridge, and then receded to the
nor%h-easéi?%hat the granités and peguatites, although
not all of the sa:e age, were derived from a com.i.on source
which was undergoing continuous differentation resulting

in minor changes in the composition of the intruding

material,



lHitchon (196C) who also investi-ated some of the
Lewisian pegmatites, concluded that :iost ot the pegmatites,
which occur as a series of concordant sheets, are of
ag@atic origin, ile also pointed out the close chemical
similarity of the peguatites to the rocks which they
intrude.

Recently the hypotheses of Sutton and Watson (1951)
that the Laxtordian rocks represent Scourian rocks
trandbrmed by the Laxfordian meta .orphism and that there
is only one swarm of dolerite dykes which are anorogenic
and occur between the two metamorphisms, have been
questioned by a number of workers. Bowes (1962a)
sugge ted that, north ot IJcourie, the Laxtordian complex
represents "folded and meta .orphosed zetasediments and
netabasites"™, tectonically moved into its present position
against the Scourian complex, However, detailed evidence
in support of this suggestion iz lacking, The use of
the dykes in separating the two _.eta orphic couplexes
has suftered rather more criticism. Park (1961, 1964),
Bowes (196)&Wright (1962) have all suggested that there
is more than one series of dolerite dykes in the Lewisian,
sone of which are late Laxfordian in age. Tarney (1963)
confirued that the dykes are not all of the same age; he
also confirmed that the dykes of Assynt were intruded
at great depth under uetamorphic conditions, as suggested

by C'Hara (1962) for the scourie dykes.

-6 -



S0es, Yri-h*t and Park (1964) have described a
ceries of layered bacic and ultrabasic intrusive rocks
“ron the Lewisian between Loch Laxtord and Loch Torridon,
“‘hese rocks exhibit nineralogical banding and :zedimentation
teatures. One group has undergone granulite facies
metaorphisn (= Scourian); and second group has undergone
a hydrous metamorphism (= Laxtordian); and a third group,

which is later (post Laxfordian?) shows only uralitization

of the pyroxenes.



sumary of the results of the present investiesation

The area studied, apvroximately 12 sq. km, in extent,
lies on both sides of Laxtord Bay at the landward end or
Loch Laxrord (fig.l). The boundary is marked by a line
Joiring the following landmarks (map 1): Badcall Quay,
Loch na Fiacail, Laxfo d Bridge, Duchess' Pool, Cnoc Bad
na h-Achlaise, Loch na Claise Fearnma and Weaver's Bay,

It lies entirely within the northern zone of the Geological
Survey, that is within the Laxtordian as dexined by Sutton
and Vatson (map 1). The south-western edse lies within
Clough's =iddle belt (p.3 ), and within the rKoindle zone

as defined by atson (p.4). The area also includes parts
of Watson's Badnabay and Laxford zones. Part of the
arca lies within that -avped br Watson; the renainder

has not been napped since the Survey's work.

In many places the rocks are covered by a thin layer
of drift, generally peat, However, exposures are on
the whole excellent and many coastal sections yield
complete exposure,

Previous discussions of the granitic rocks of the
Laxford area (Peach and others, 19G7) and (Watson, op.cit.)
have shown that they exhibit considerable variation, for
example Clough (op. cit., p.145) has described banded
granites from several localities and Watson (op.cit.p.287)
has stated that the granite sheets contain basic horizons;

these writers have respectively ascribed a magmatic and

-8 =



and 1etasomatic origin to the granites, It was,
theretore, considered that a detailed study ot the
sranites was required,

An area of small extent was chosen so that detailed
mapping could be carried out. In order to establish
the origin of the granitic rocks it was considered that
a detailed inowledge of the other rock-types was required
and therefore the mapping was primarily concerned with
the position and relations of the various rock-types:
the acid gneisses, the basic and ultrabaszic :ocks, the
metadiorites, the trondhjemites and the granitic rocks;

a detailed structural analysis was not attempted, The
thesis is a study of these rock-types with particular
emphagis on the origin ot the granitic rocks and
associated phenomensg, -

FPield 2apping was zollowed by detailed petrographical,
geochemical and spectrochenical analyses of representative
specimnens and as a result rour rock groups have bheen
recognised thus:-

1. The Gneisses: Quartzose streaky or striped gneisses
subdivided into the Claise Fearna, Badnabay, Veaver's Bay
and Laxrord Bay gneisses, each sub-group exhibniting
distinguishing reatures (op.67-8). Their geographical

distribution is shown in map 1.

-9 -



2 The Earl&ilgneous Rocks: metaperidotites, hornblendites,.
garnet-pyriclasites, amphibolites, and metadiorites. The

evidence suggests that many of these rock-types may represent
the metamorphosed products of a series of related igneous
rocks. The amphibolites that represent metatholeiites are
probably equivalent, in part, to the Scourie dyke swarm.

e The Trondhjemitic Injection Complex: trondhjemitic
rocks. The injection of veins and sheets of trondhjemitic
material was accompanied by widespread sodium metasomatism.
4, The Granitic Injection Complex: granitic and syenitic
rocks. The Cnoc nan Cro group, composed of microgranites;
granites, pegmatites, and migmatites forms the injection
complex, sensu stricto, while the Badnabay group, composed
of granitic, syenitic, and granodiofitic types represents the
products of potassium metasomatism related to the injection
complex. The Rudha Ruadh and Loch na Seilge sheets (map 1)
(pp.141-50) are prominent members of the latter group. The
geographical distribution of these two groups can be seen in
map 1l. The NE-SW pegmatite dykes represent the final stage
of magmatic activity. The Laxford Quartzofeldspathites are
bodies that appear to have been formed by local anatexis

during the development of the injection complex. Potassium

metasomatism is associated Qith this complex.

The Laxfordian complex has suffered an earlier granulite
facies (= Scourian?) and a later amphibolite facies
(= Laxfordian) metamorphism, The injection complexes were
associated with the later metamorphism.

- 10 -



‘.ethods of Research

.appins ol the area was carried out using enlarged
acrial »hotogranhe on a scale of anproximately 25 inches
to a i1le. Data obtained in this way were later
transterred to a 6 inches to a ile Ordnance Survey sheet,

While in the field an attewpt was made to ascertain
the mineralogical variation in the arca by collecting
gspecimens with one fairly ilat surface at richt an-~les
to the foliation or as near to that ~s possible. This
flat surface was dipped into hydrofluoric acid, care being
taken to ensure that the entire surface was etched by
the acid. After two inutes the specimen was removed
and allowed to dry, when it was placed in a saturated
solution of sodium cobaltinitrite for four minutes, The
specimen was then removed and the excess sodium cobaltinitrite
wached away. ‘then the specimen was dry, quartz appeared
glassy, plagioclase jreyish white and potash felspar bright
yellow; the mafics remained readily identifiable. A
vicual estimation of the a ount ot each mineral present
was then made,

While field estimation of the amounts of the minerals
present was ot limited accuracy this technique proved

extremely usetul. tranitic rocks were quickly identified,

- 11 -



trondhjemitic, tonzlitis ond notnch teldepar-rich
sranodioritic ~neis.es vere readily difterentiatel, and
cevernl other interesting veatures (described later)
wer. discovered, Thi.: technique could he used with
succe.s in any ismatite ares., especially vhere

.

0%

73

s.ium metasomrticm ic thousht to have occurred.

— - — — ——

A srea. many hand  recimens ere cuit at richt
anzles to the toliation and -tain.d in the laboratory
by the method ;uct dezcribed. the smooth .urtace
resulted in a better +tain; textural retationships
were more readily obscrved,

Numerous thin sections were exrmined in the
conventional manner, 10 enable textural and mineral
relntisnehips to be carerully exanmined meny or the thin
secctions were stained using either Charyes!' sodium
cobaltinitrite method for potash telspar (Chayes, 1952)
or Bailey and Stevens' method vhich used sodium
cobaltinitrite to utain potash felspar yellow and
potassium rhodizonate to stain plasioclace pink (Bailey
and stevens, 1960), Thi.:. staining also tacilitated
mineral idéntitication during modal analysis,

The universal atage w8 used to determine the optic

angle nT pyroxenes ond otash telspar (Winchell, 1937).

- 12 -



The 'reat majority ot the specimens waiich were
analysed chemically were alzo analysed modally using
the Swift automatic point counter. Bach analysis was
made by identitying and counting the mineral on the cross-
wire intersection, the point counter staze moving a
distance of 0.3 mm in an east-west direction on each
count. The east-west traveises were spaced 0.6 mm apart.
in most cases between 2100 and 2500 voints were counted
usually over one thin section, The total area traversed
was 400 3Q. 1 OT more,

The IC number (Chayes, 1956, ppe. 72-73) was
deter ined for each thin section, This was never less
than 70, except in the case of granites and peg atites.
In thin sections with 1C numbers of seventy or greater
Chayes established that the analytical error in point
counting an area of 400 sq, um is equal to or less than
fZ%. On the basis of a graph established by Barringer
(1953) the maximum analytical error involved is f2% (tor
2,500 counts) which was the error for 50% of a mineral
constituent; the analyticallerror decreased as the
amount present increaced or decreased from 504 (Table 1),
If the aount present is 0,2% or less the analytical error
is greater than or equal to the amount present, so that
percentases of U.2 or less, obtained from point countings,

are meaningless, In the modal analyses which follow,
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amount present in per cent analytical error

0.U5 X 0.10-0.09
0.10 I C.14-0.1%
0.2 I 0.20-0.18
0.50 t o0.31-0.28
1.00 I 0.45-0.40
5.00 z 1.00~-U,9u
10 and 90 I 1.40-1.25
15 and 85 I 1.65-1.45
20 and 80 I 1.80-1.60
25 and 75 I 1.90-1.75
%30 and 7u I 2.00-1.80
55 and 65 I 2,10-1.90
40 and 60 I 2.15-1.95
50 I 2.25-2.00

Table 1. #rrors in modal analysis using a point
count of 2u00 to 2500, based on a
chart by Barringer(1953%),



all Llneral constituent: that are ﬁ?ésent in a thin
ccervion (includan thogse which ay not have been point
counted) but which account for 0.2,7 or less by volume of
the rock, are desiznated as "trace", 'able 1 should

oe rererred to whenever a knowledse or the errors

involved in any modal analysis is i ‘portant,

After testing variosus methods of silicate analysis a
sche e based primarily on the methods of Riley (1958a and
1958b) and vhapiro and Brannock (1956 and 1962) was evolved

(Table 2).
TABLE 2.
OXIDE M 2THOD | COLI LKT
810, Riley (1958a) Slightly :odified
see (1) below,
A1203 Riley (1958a) or See (2) below.

Shapiro & Brannock (1962 )

Total iron | Riley (1958a)
as Fe203

FeO Shapiro & Brannock Slightly woditied
(1956) See (3) below,

1O . See (4) below tor
& g Riley (1958a) removal of

Cal
interfering ions,

Na,0 ) .

0,0 ; Riley (1958a) .

Ti0, Riley (1958a)

P205 Riley (1958a)

n0 Riley (1958a)

Hy0 Riley (1958b)

co, Riley (1958h)
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(1) solution A wa. srepared following Riley (1958a)
except that the acid used to neutralise the tused caustic
cake, (25.:1 of 2,5L HQSO4) vags replaced by 2021 50 per
cent HC1. Solution A is used to detcrmine 8102 using
Riley's molybdenum blue method (Riley, 1958a) and the
change made in the preparation or Solution A required

a slizht adaptation fo be made to the acid molybdate
reazent which was, therefore, prepared as tollows:-

8g a i.onium molybdate A.R. were dissolved in 5001 water;
201 concentrated HC1 A.R. and 12.571 N HZSO4 were added
and the vhole diluted to 1,00Qml.

(2) Solution A was used also to determine A1203 using
the Alizarin Red-S uethod of Shapiro and Brannock (1962).
A1203 was also detcr.ined in Solution B using Kiley's
method (Riley, 1958a).

(3) The Shapiro and Brannock (1956) nmiethod for the
determination of FeO was sli htly moditied as follows: -
Atter weighing 0,5000g of the rock powder into a platinum
crucible 10ml 50 per cent H2804 and 5n1 HF were added

to the crucible. The contents were heated on & hot-plate
for at least 25 minutes at a surface temperature or 200°C,
to ensure that the contents had been boiling for at least

15 minutes. The rest ot the method was unaltered.



(4) 3efore the chelatometric debtermination of Ca0 and
150, iron and alw:iinium, which would otherwise have
interfered considerably, had to be removed. This was
done by precipitating them as hydroxides at pH 5., using
a dilute solution of a w.onium hydroxide, 1¢Cml ox
Solution B, to which 50ml water was added, was used;
atter the hydroxides were precipitated the solution was
rade up to 250ml in a volumetric flask and was then
tiltered through what.an's No.40 filter paper; the
filtrate which had to be clear was then used for the

determination of CaC and lgO,



Discussion of the methods of chemical analysis

To determine the precision ot each method, replicate
determinations ot each oxide were rade over a range of
concentrations, The results are shown in Table 3. The
precision of each method is not signiticantly uvifferent
troi: that abtained by lercy (1960) who states that the
errors in his methods are "within the maximum limits ot
error for single determinations postulated in normal
analytical practice® (.ercy, 1960, p.1l0U6). It is
considered that the precision of the riethods used to
obtain the chemical analyses for the present research
is quite saiistactory.

Unly the determinations of CaO, IgQ, A1203 and
SiO2 require turther comment, Since MgO is deterniined
by the subtraction of the Ca0O titre from the Cal and
¥g0 titre its accurate de'ermination depends on the
accuracy ox the CaC deter.ination. In the CaO titration
the end point, which is difficult to detect, must, therefore,
be established with <reat care,.

The alizatrinRed S method tor the determination of
Al,0, (Shapiro and Brannock, 1962) is not particularly
satisfactory as the A1203 content st tall within a
certain range. In addition the use ot either G - 1 or
lNational Bureau ot Standards Felspar lumber 99 as a
standard introduces an additional variable. The use

of a . tandard prepared from "Specpure" aluminium, as in
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Uxide Fercentage concentration Absolute error

| 70 0.5

810, 60 O.%

50 0o%

20 0.15

Al U, 15 0,15
273 10 0.15

8 062

te. 0, 5 0.1
2 1 0,02

10 062

#eO 5 0.1
1 0.02

10 0.2

MgO 5 0.2
1 0,05

10 0.2

CaU 5 0.2
1 0,04

10 0.15

K,0 5 0.1
1 U.03

10 0.15

N320 5 0.1
1 0.03

2.5 0.02

710, 1.0 0.02
- 0.1 0. 005
1.0 0.03

£ 50 0.1 0.01
5 0.01 0.003%
O3 0.05

MnO 0.1 0.02
0.01 0.005

5 0.15

L0 1.0 0.1
0.1 0.05

1'able 3. Precision of the various oxides over a
range of concentrations.



Riley's .ethod (Riley 1958a) is prefe-rred. Although
both 1miethods have been used, it is considered that
Riley's method is cuperior.

The errors involved in the deter ination of SiO2
are large because of the hish concentration or SiO2 in
the rock. Table 4 shows a serics of duplicate
determinations of SiOQ, the concentration from each
fusion bheing deter.ined tour times spectrophotometrically
(Riley, 1958a, p.416). Halt ot the 810, concentrations
quoted in the analyses are the avera:e of two fusions.
The duplicatez quoted in Yable 4 are a random selection
and sug~e.t that a high degree o1t precision can be
obtained tor SiO2 11 conditions throughout the determinations
are constant,

The precision of each complete analysis was also
tested by analysing G - 1 (a sauple of ‘Westerly granite,
supplied by the United States Geological Survey) and
524 (a sanple of a Loch Laxford microgrenite) in replicate
(Table 5). This was done during routine analysis when
G-1 and S24, in duplicate, were used as controls in
each batch of analyses, ln addition several sampnles
were analysed in duplicate (Table 6). The evidence
fro: Tables 5 and 6 suggests that one analysis is
sufficiently reliable tor the only trwe check on the
accuracy of any analysis is the final total which should

approximate to 100 per cent, The limits of 99 per cent
to 101 per cent set by the laboratories of the United
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Rock No,

1117
L12
Lo51
1189
112
1214a

Table 4.

Analysis 1

71,11
45,12
69.71
6545
71.61
0755
51.60
70.50
7240
69.26
67.81

Duplicate SiO2 determinations with

Analysis 2

71,00
45,71
69.65
63545
71.64
6'7.50
02.01
69.90
72.13
69.26
67.61

.ean
7Lle07
45.41
£69.08
65.45
71.062
0732
©l.81
70.2C
72426
69.20
67.71

mean and deviation in each case.

Deviation

I0.28
Y0.%0
10.03
Ic.00
fo0.02
1o.02
20.20
fo0.30
0.13
f0.00
$0.10

the



Oxide 1 2

6i02 72.25 72.-8
Al,“()5 14.17 14,19
Fe205 0.88 0,87
FeO 0.94 0.95
NMgO 0.38  0.40
CaO 1.40 155
NagO %.50 5453
k0 5.32  5.%5
Ti0. 0,25  0.23
ng; 0,08 0?07
MO 0.03 U.0%
11,07 0.50  0.31
Total 19.50 99.49
(a) G-1 Standarad
Oxide 1 2
5102 65.21 68,70
A1,0, 15.38 15.30
Ee;oj 0.98  1.09
FeO 1.09 1.00
MgO 0.84  0.88
Cal 2e23 214
NaQO 4,01 4454
KLU 5.8 5.54
TiO2 0,40 0. 34
PEOS Vel Ue2l
Mnu 0,04 QeU%
H2o 0.53 0.%5
Total 99.65 99.92
(b) S24  Standard
Table 5.

3 4 5
72.69 72.56 72.40
14,11 14.36 14,17

0.93 0,93 0.90
0.93 0.93 0.93
0.42  0.39 0,33
1.56  1.34  1.35
5.40  3.252 %.30
5.55 5.60 5,50
0.2° 0.30 0.25
0.08  0.07  U.09
0.0% 0.02 0,03
0.25 0O.22  G.35

100.1% 100.14 99.65

aeviation= C.Z»

5 it 5
68.57  68.54  68.20
12.4%  15.41 15.20
1.03 1.04 0,96
1.02 1.05 1.09
1.05 Ce 36 0.92
2.0 2.20 2e20
.98 4,20 4.10
5.82 5.54 5.65
Ue 58 0. 54 0.%0
Qe O.21 .21
U e O4 V.04 O.04
0.30 0.32 0.55
99.90 99.75 99.28

deviation= uw.21

6
72,04
14.25

0.90
0.93
0.42
1.57
5432
5.57
0,27
0. 09
0.0%
0.3%6
100.15

68.10
15.18
0,98
1.10
0.95
224
4,10
5.60
0. 56
0.22
Ul Ul
O.5¢
99.19

Average
72.52
14.21

0.90
0.93
0.40
1.%6
5427
547
0.26
0,08
0,03
0.%3
99.86

Avcrage
68.55
15.32

1.01
1.06
0.90
2.22
4,12
pRyele
0.26
O0.21
0, 04
054
99.59

Replicate analyses of (a) G-1 and (b) S24



157 T8 =5
1 2 1 2 1 2 1
Bi0. V2.0 72065 ©9.25 59026 72.00 72,60 ©9.90 70.04
Algd5 14,78 14,79  15.1C 16.18 14.97 14.55 14,60 14.46
FeLOB Oofty  Uu4l 0.9% C.9C 0,65 0O.o2 1.357  le.itt
e 0.56 0.3 0,87 0,8 0.28 0.30 1.70 1.61
{20 0.66 0.06 0,68 0,69  0.4C 0,41  1.00 0.98
Cal 1.89 1.96  1.71 1.6%  O.41 0.45  1.45 143
2., U 3,57 5.37 4031 4.25 3,10 2,90 5.32  3.26
R>5 4,27 4,30 5,09 5.02 8.00 8.0C 5.62 5.72
ﬂiog U188 Gul4 O o3 0,02 .02 0052 0451
Folg UeUS Ul 05  Uul2 Ul.11 0.02 v,02  U.11 0.11
n 0O 0.01 0.01 0,02 .02 (.01 0,01 L. 0,03
SR 0.15 0,20 0,66 0,60 04,20 0,15 0,54 0,30
Total 99.55 99,88 100.19 99.97 100,46100,1% 99.77 v9.71
L56 B47 Le6 B34S
L 2 1 ‘ 1 2 1 2

810,  59.32 59.58 45,50 45,57 57,14 57.64 51.1% 51.00
A1205 15,15 1%5.2% 25,38 25.19 19.64 19.84 10.81 11.10
Ee205 2.25 2.20  1.81 1.75 1.69 1.62 2.26 2.30
FeU 2.74 2,75  3.82 %.91  2.92 2.95 4.22 4.30
Mgz O 5.0 5.53 5,02 5.10 2.49 2.5 7.71 7.50
CaO 4,79 5,00 10.36 10.32 6,94 6.82 10.10 9.92
Na,0 1.16 1,11 2.07 2.10 5.99 6.01 1l.48 1.30
K0 7.65 7.35 2,57 2.55 1.00 0.93 7.05 6.85
Ti0, 1.25 1.21 0.31 0.35 O.46 0.51 1.94 1.90
P205 1.27 0.97 0.0% 0.03 0.05 0.06 3.07 2.84
MnO 0,08 0,09 0,11 0.,12 ¢.08 0.07 0.11 0C.11
H,0 1.10 1.17 2.65 2.50 0.66 0.58 0.87 0.81
Total 100.C6 99,99 99.61 99.49 99.05 99.59 100.75 99.93

Table 6.

Bight duplicate analyses, showing reasonable

agreement.



states Geolopical Survey (shapirs and 3rennock, 1967),
vere uced in the nresent research.

The accuracy of ~hemical an~lvcec ~lgo depends on
the choice ond preparation of <trondards,. This hos
alrcrdy been mentioned in the determinati n of :‘leO3
(pp. 17-8). 411 standerds were nrepeored ag sus "ected
by Riley (19582),

The optical denoities of each otandard were
frequently checked azainct those recommended by iiley
(1958a ) and were in clo.se a reement (Table 7). Thus,
the table .ucgests thet the stendards have been
correctly prepared. Standard: used in the dete:mination
of mazu, Kéo, Ca0, 130 and PeC could not be checked
apoin.t thoue of Rile-, but there is no reacon t: suspect

that they were in error.

1. 2.
510, 0.745 0,743
Al,04 0394 0.392
Fe ;05 0.430 0.421
Ti0, 0.565 0.569
P,0g 0.386 0.383
MnO 0.265 0,272

Table 7. A comparison of the optical densities

of Standard Solutions, determined by
(1) Riley (1958) and (2) the writer.

0

Fe2O5 includes FeO expressed as Fe2

50
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Collection and preparation of material for chenical and

spectrosrapnic analysis.

Spccimens were collected during routine field mapping,
and a dcetailed record was made of the locality and field
relati ns ot each. Grain size was the -ost important
tactor in deciding the weight or size of specimen required;
in gneissic terrain the degree of streakiness or striping
were also important, The tollowing scheme, which is
bacsed on that sugzested by ager and Brown (Smales and

Wager 1960, pe b ) wa. used:-

GRAIN SIZE SAMPLE WEIGHT #ISLD DisSCRIPTION
1l cm, 1,C00 gm. Full fist size
lciie - 3cm. 2,000 gm., same weight as

4 1b. han er.

Iiost of the specimens collected were of such a size
that a chemical analysis would be possible. Vhen a specimen
was chosen Tor analysis it was washed, dried and either cut
into slabs 3 mu thick or broken into pieces no larger than
1 cm. in size, rrom the slabs and pieces of material
150-300 gm, of theflcm. size or 500 g. ot the)lem, size
were taken, all weathered material being discarded. It
was then crushed to about -16 mesh using a manually
operated rock crusher sinilar to that described by Wager
and Brown (in S:ales and Wager 1960, fig.l). The -16
mesh material was crushed to -60 mesh using a mechanically

driven roller crusher or the type described by Wager and
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Brovn (op. cit. rig III). After the -6C mesh material
was carerully .i:ed and quartered, 25 - 30 -, were ;jround
to =120 mesh in a ~echanical agate mortar and nestle;
the reraining material vas stored tor other purposes
such as ..ineral separation, The =120 :esh powdor was
stored in a small glass bottle with @ tightly fitting
plastic ._topver.

Before analysis, each rock nowaer was dried at

120°C for 2 hours, to drive orf hysroscopic water.
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_vectro-ravhic techniques

The onectrosravhic deter.ination of trace ele-ents
vie.. carricd out using a Hilger and Vatts automatic,
Litt row tyve optical spectrograph with interchan-eable
quartz and glass prisms, The optical system was as
followes:=
At the olit: a 30,2 cm tocal length spherical

lens which}?%corporated in the
step-sector,

12 cm Trom the slit: a 30,2 cm focal lenzth spherical lens,
27 cm from the slit: a diaphragm with an aperture 5 mm wide.
41 cm from the slit: a 6.4 cm tocal lenzth spherical lens.
The arc was situated 52 cm trom the slit,. The arc gap
was 8 ma with the central two thirds of the arc being
focussed onto the diaphragm. The camera slit width was
set & 11 rm, To facilitate the preparation of working
curves a seven-step rotating step sector was placed at
the slit, thus varying the intensity along each spectral
line. The ratio of the intensity of one step to that
of the next step was 2 : 1. The voltage used was 250
volts D.C. on a clear circuit. falladium was used as
an internal standard over some wavelength ranges being
introduced into the unknown powder by mixing the latter
with a palladium-graphite mixture containing 1% of

tetrammine - palladous nitrate. Electrodes were prepared

ag rollows:—
- 22 =



b)

Le Anodes were cut trom Johnson Latthey granhite
rods, ither J.1.2 or J,0.220 zrade and caviiies of
various cizes were used as described below.

2 Cathodes with a tapered end were cut frowm J...1106
or J.Lk.1205 carbon rods.

The optical density (or intensity) of three steps
on each analysis line was measured using a Joyce Loebl
automatic recording ricro densitometer.

Vorkin ; curves vere then brepared by plotting the
tollowing for a range ot concentrations:-

Internal standard (constant concentration).

log. concentration of unknown ppmn
Ve

intensity o unicnown
intensity ot standard

log.

Internal standard (variable concentration)

concentration or unknown pig
concentration of standard

log.
V£

intensity ot unknown
intensity of standard

log.
The prism, the current, the wave length, the photographic
plates, the plate processing, the shape ot the anode and
the internal standards varied from one wavelength range
to another and the details are described below,

The standards used in the preparation ot the

working curves were G-1, V-1, a 1 : 1 mixture of G-1
and V-1, whose trace clement contents are listed in

Table Myand other suitable standards which were prepared
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G-1 w-1 G-1/W-1

Ba 1220 225 72%
Co 2.2 58 20,1
Cr 22 120 71
Cu 13 110 62

F 730 200 465
Ga 18 16 17
La 150 30 90
Ii 24 12 i8
Ni le.2 73 3761
Rb 220 22 121
Sc 4 43 24
Sr 280 220 250
v 21 240 131
Zr 210 100 155
Table 7a. Trace element values of

G-1, W-1, and a 1:1 mixture of G-1
and W-1, used in the preparation of
working curves during routine
spectrographic analysis.



by diluling a trace-element ixture containin; all the
important tracc ele :ents in pre-deterined provortions,
with L78, a rock powder from Loch Laxford. In the case
of fluorine the standards were orepared by mixing a
synthetic rock powder in various proportions with a
rluorine mixture (powdered Can).

The tollowing ethods were used to determine the
trace element content of the rocks:=

1. rluorine (F)

Glass optics; wavelength range: 4520 to 9000 A.U,
Current: 5 a-ps

Anode: 3.2 x 3.2 mm deep

S1it width: 0,02 mn,

Photographic plate: TIlford HFP3

Developer: R Universal; strength1#9; time 6 mins,
Stop bath: 3% acetic acid; time 6 :2ins.

Pixer: Kodarix, strength H3; time 6 mins.,

Samples were nixed 1 : 1 specpure CaCOB: 1 graphite
and arced for 25 seconds.

Analysis line: CaF 5291 bandhead,

Internal standard line: Ca0 5488 pandhead,
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3e

Alkalis (Ii, Rb, Cs)

Glazs optics; wavelength rance: 4600 to 9600 AU,
Current: 4.4 aups,

Anode: 2,4 x 2,5 .m deep

S1lith width: 0,02 mm.

Photographic plate: Xodak I.R.E.R.

Developer: Kodak D.19b; strength 1+2; time 5% min.,
Stop bath: 3% acetic acid; time 30 seconds.

Fixer: Kodarix; strength 1+3; time 5% minutes.
The samples were arced neat and the shutter opened
immediately before the arc was struck, The burn
continued until the end ot the alkali distillation,
The spectral lincs used were:-

Analysis lines: Ii 6707, kb 7800, Cs 8521,

Internal standard line: Na 5688

In practice Cesium was always below detection limits
so that Cs 8521 was never used.

Se, Cv, la, V, Ba, Sv

Glass optics; wavelength range: 3850 to 5480 A,U,
Current: 6.8 a.ps.

Anode: 3.2 x 4 mu deep or 2,5 x 5 mm deep.

S1it width: 0.01 mm,

Photographic plate: Ilford ordinary N30,

Developer: PQ universal; strength 1+19; time 3 mins,.

Stop bath: 3% acetic acid; time 30 seconds.

Fixer: Kodatrix; strength 1+3; time 5 minutes,
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The sa:iples were .ixed with 2 parts ot the graphite/
rd  ixture. ‘he shulter vas opened i mediately
atter the arc was struck and each sample burned

for tour mirnutes.

Spectral lines used were:-

Analysis lines: Sc4246, Cr 4254, la 4333, V 4379

Ba 4934.

Internal standard line: P4 3958,64.

Ga, llL, Cu, Zr, Co.

Quartz optics; wavelen;th range: 2470 to 3550 A.U,
All other conditions were the same as in the
previous group, except that each sample was burned
to completion and then for a turther 10 seconds

to obtain all the Zr excitation,

The spectral lines used were:-

Analysis lines: Ga 2944, Ni 3050.8, Cu 3274,

Zr 3438, Co 3453,

Internal standard line: Pd 3258,.8,
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Discugsion of the gvectrozraphic results

In order to contirm the reliability of the methods
used for trace element deterninations a sample (L78) was
analysed at the Depart .ent of Geology and lineralogy,
University of Uxford and the results obtained from each
spectrosraph were compared (Table 8). In zeneral, the
Kceledeteriinations are lower than those from Oxford,
althoush the order ot magnitude is similar, It is
suzgested by G, I, Power that the differences may possibly
be due to ditferent methods of eztablishing working curves.
There is no reason to sugpect that the present set of
trace element Jdeter inations is less reliable than those
obtained trom other laboratories, The relative deviation

of each determination is shown in Table 9.
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Uxford Keele

isa ORIV 2115
Co e &
or L o0
Cu 40 05
Ga 15 15
Li 2 e
Ni e 9]
=b 111 11¢C
3c nyd. 2.8
ST 400 o605
v 52 2
Zr 162 39

Table 8. A comparison of the trace element values
of 178, as determined by the Jepartment of
Geology and Mineralogy, University of Oxford
and by the writer at the University of Keele.
At Oxford all samples were mixed 1:2 with a
1% Pd/graphite mixture with the exception of
samples burned to determine Rb,Na,Cu andGa,
in which case the samples were burned unmixed.
The Oxford results are the average of two
determinations, except those of Cu,Ga and V,
which are the average of four. The keele

results are the average for eight determinations.

The trace glememt values are given in p.p.m..



Hlement Relative deviation

Ba 12
Co 20
Or 25
Cu 15
i 16
Ga 8

La 15
Li 5

Ni 14
Rb 12
Sc 14
Sr 15
v 9

Zr 18

Table 9. The relative deviation of each trace-
element, determined by spectrographic
analysis.



Prcsentation ot results

Chemical analyses can be presented in a number of
ditterent ways. hey are usually shown as weight
percentages ot the ..ajor oxides although in this form
they are not easily compared, They are better compared
it they are converted in the first instance into cation
percentages recalculated to 100% together with the amount
of 0° that would combine with these 100 cations (Eskola 1954).
From the cation pcrcentages various values, including the
catanorm, mesonorm and epinorm (Barth, 1959) and ratios
can be calculated. Niggli nuzbers based on molecular
proportions, can be used to obtain userul information
(Nisz1i, 1954). In the calculation of kizgli numbers
and ¢ation percentages the equivalent molecular proportions
and equivalent atomic proportions ot the weisht percentage
ot each oxide were obtained tfrom tables drawn up by
currd (1959).

In the present research both the catanorm and the
mesonorm were calculated, the former peing equivalent
to the molecular norm rirst suggested by Nigsli (1936)
and later moditied by parth (1952) and uskola (1954).
Hietanen (1962) co:pares the catanorm with the CIPW norm
and finds that the respective values zre closely similar
so that it can be used in place of the CIPW and the vélues
g0 obtained compared with the CIPW norm values in the

literature., The mesonorm, however, is designed for
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rocks belonsing to the mesozone, that is roclks ot
approximately a phibolite facies, Since the Laxfordian
eta.orohism is an anphibolite tacics metamorphism

(see pp. 275-0 ) "he mesonorm is narticularly suitable

in the nrecsent research as it retlects the actual nineral
co position of the rocks and can be directly compared
with the mode, Ligzli numbers are also used and are

probably most useful in the study of amnhiholites

(Lvans and Leake, 1960U,.



The Tavfordian conplev arowmd o axtord ny ¢ neists

i : oyl P e A N P, N gy T N
ol interoanded ey bilotite cnelsces, ornplonde-viotite

B 3 =y . ey I . N Y EREY 3 SN Y . -0 - SR Ly B 3 - -~ 3 Sl il 1 e -
neisoos, Bormblonde nodissces, and orngiocolites, intruaded

ny o lator "eranites" and pogsmatitos (r2ach and others, 1907,
e 107 ) Jlouzh {(or, cit.) sub=divided the cneisses
into " ranular" and "pranulitic’ tvpes. In the fiecld
this gsub-=division is easily recognised although in current
usage granular and graonulitic are synonymous (seec Holmes,
1421, pr. 39%1-222 3 Rice, 1955% .. 1t aprears that the
terms "granular" and "granulitic-, as used by .lougnh,
respectively refer to medium grained rocks with
inequidimensional grains and fine grained rocks with
equidimensional grains ( see Peach and others, 1907,
Plates (IIT and XLIV ). watson ( op.cit. ) divided the
Laxfordian complex into zones based on structural and
mineralogical criteria. 'he three classifications are
compared in Table 10,

Lther gneisses are present in the laxford aren,
for example the 'noc nan Jro gneisses ( v.9% ) but for
reasons discussed later ( n.197 ) they are considered
to renresent isneous rocks and are described in a

separaise chapter.



"Mneceification o

coloricnl Zurvey,

NagsiTication

~atson.

. resent

clansification,

“ranulitic sneisses

“oindle zone

Al

“laise Pearna

malsses
= -—

sranular gneisses

sadnabay zone

adnabay sneisses

veaver's Bay

sneigses

Ilaxford zone

lraxtord Zay

fFneisses

Tabla 10

A comparison of the cla-sifications of the

gneisses used by the Geological Survey ( Peach

et al. ), Watson(1951), and the present writer.



‘he Jlaise ‘Yearna ‘neisscs

This grouo of ~neisses occurs at the north-east
marsin of YWatson's ‘oindle zone ( p.4 ) and at or neocar
the junction between Zloush's middle and northern belts
( p.% ), forming an extensive tract both aloni; and across
the strike, Traverses to th: south-west show tnaat
similar gneisses crop out for a distance of at least
200 metres across the strike, although that part of the
belt mapred in detail is little more than 1 O metres
wide., Aloni; the strike the gneilsses can be mantad as
o contiiuous unit from north-west to sout =-cast tor a
distance of about 5 ka.

e neisses 1wve a well develo ed [oliation whaich

strilkes "ii-=50 and adips stesply to bLhe south=rost, becomin:

[0

veitical in some nlaces, as for exanple in Lo crans
Jnst nort+n of Toch na Tlalse Feurna. Yoliding i oiten
soon (ilate 1), the toliantion Ledng parallel Lo the Nu-38

N

axi~1l plare of the ifolds whic™ plunge to tae soulh-east
. R -0 SYe) R C e s A

at an les varyins from 57 to 3>7. 4 lineation(kl te 2)

which pitches to tne soutn-cast at anples commonly up to

50 and up to 700 in excepticnal cases, is commonly secn.,

5
r.ost of the .tneisses have a fla gy aonperrance,

rerlectine their micaceous, .ranulitic nature and thus

are equivalent to “lough's granulitic gneisses. Although

never homogeneous, they do not exhibit striping to the

same extent as the other groups of gneisses. More
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co . .only they are s reaky (pla.e 3} and ofton tend t-w-rds
homo reneity, althourh Aany sneisses chow well devel 'ped
sireaking and striping (pla‘e 4. Streaking, 1 mm. or

o Lhici, rrades into striping ceveral centi-etres thick.

Dis“ribution of the minerals

— e m—n mem e e GEme Gmn G e e cmen | e meee

The anount of potash feldsvar shows a noticeable

variation, At the extre e south-west mar-~in of the
area polash feldspar never exceeds 10 ner cent of the
total rock volume and is oftcn absent, with the gneisses
trendin = towards a trondhje itic cowposition, when
prescnt, po'ash feldspar is often distributed in
alternating siripes ot varying thickness. As the south-
west argin of' the Loch na Seilge sheet is approached,
the olume of potash feldspar in the gneisses increaseg
to as much as 30 per cent of the total rock volu-e, the
vellcw cobaltinitrite staining emphasising its streaky
and striped distribution (plate 4).

The leucocratic lenses and stripes of the gneisses
themselves contain variable amounts of potash feldspar,
in some cases as much as 60% of the total rock volume
and in one case 95% of lhe total. Within any one lens
or stripe the potash feldspar often exhibits a streaky
distribution (plate 4) while adjacent lenses and stripes
often carry markedly ditferent arounts. Although these

lenscratic bodies generally contain more potash feldspar
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than ‘he immediately adjacont 'nor al! sneiss, ‘he
reverse has been observed in several instances,

The distribution ot potash feldspar does not appear

to be influcnced by the a: unts of the ~ther minerals
prcsent in the gneisses, apart trom the fact that the
ore naric gneisses tend to contain s.aller amounts than
the less .atic gnelsses, ror example, although a
ditterence ot 10% in the marics (5% and 15%) Trom one
stripe to another is seen in one specimen the amount of
potash teldspar is the saue in both stripes.

Plagicclasc is oirnipresent, varving from 10% or

less in some of the leucocratic stripes to more than
65% in the trondhjemitic gneisses. Typically it has
a gtreaky disiripution and appears to have an antipathetic
relationship to pctash feldspar,

Quartz is prescnt in aliiost ever; specimen, usually
forminz between 5% and 354  Thin streaks, 2 mm. or
less thick and up to 3 cme. long, ot this mineral are
rairly comron, several of These streaks being linked
together by very thin streaks in some specimens,

licaceous varieties of gneiss predominate although

biotite is the »nly mica seen in the field. Hornblende

and epidote are the other mafic minerals, occurring
trzether with biotite in about one third ~f the zgneisses,

l.ore than 50% of the remaining gneisses contain biotite
with or without epidcte, while the rest contain hornblende,
- 33 -




Ucually the bistite gneicces have a maximum colour index
of tventy vhereas the h rmhblende rmeisses have -
axivwm value of thirty,
Variati ns in the iatic mineral content nroduce
the 1ore obvious stripes in the sneisses. The variable
distridbution of quartz and the telds.ars also produce

ciripes in the gneisses, although this is no* readily

apparent unless The =zneisses are ztained,
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+LATE 1

Folds ot Laxtordian age, tolding an earlier

foliati~n and striping. Claise iearna gneisses,

BLATE 2

A lineation that pitches to the south-east, as

seen in the Claise rearna gneisses,



Plate 2



FLATE 3

Plazgy, streaky Claice resina biotite-gneiss in

vihich striping is absent,

JLATE 4

Claise Pearna hornblende-biotite-gneiss in which
streakinz ond striping are well developede The
lovest strive (1.5 ¢ . thick' is a leucocratic

quartz-plagi clacse (vhite) strip’ with streaks ot

potash teldspar (grey).
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The Badnabay ‘neisses

The Claise Fearna el sces very rapidly srade into
the underlyins Badnabay -neistes which tend to be slichtly
coarserin srain, ‘he transitisn, which has been
descrined hy Clowsh (1907, no. 136-137) can be seen in
several wlaces to the west of the small glen which runs
south-west fror 3adnabay, in addition to the locality
described by Clourh, To the east of this zlen the
south-west margin of the Loch na Seil~we sheet (wp1 )
obscures the juncti-n,

The Badnabay gneisses are well exposecd throughout

the area, torming a series of rid es which mark the
junction between the gneisses and the thicker sheets
ot microgranite. In zeneral, they appear to be more
registant t~ weathering than the adjacent granitic rocks
of the Badnabay sroup. Granitic material is commonly
a~sociated with the gneisses, and migmatites occur in
many places although the granitic part ox the migmafites
often cannot be clearly distinguished from the gneisses,
In contrast, icrogranite and gneiss are easily distinguished
in the Cnoc nan Cro migmatites (p.132 ),

Foliatioﬁ is well developed throughout the gneisses
and can he recognised as a sec nd toliation that is
varallel to the axial rclane of folds of an earlier toliation
and banding (plate 5) (see Vatson, 1951, p.277 )« The

toliation strikes IW-SE and dips steeply to the south-west
- 35 -



at angles varyin. from 450 to 700. the tolds, usually
isoclinal, plunze to the south-east at angles varring
rrom 5° to 250. A lineation can be observed to plunge
in the same direction as the minor folds. The roliation
is due to mineral orientation and to stripes ~r streaks
r ditfe ing maineralogical composition. The lincation
is due to a mineral orientation, T:is evidence contrasts
with the staterent ot Vatson (1951, p.279) that "there

is no planar or linear orientation of the minerals" in
the gneisses of the Badnabay 2zone, In some o1r the
gneisses s all relict fold clocures, a tew millimetres

in gize, of mafic :minerals result in what has been termed
a nepulitic sgneiss (Sederholm,1926 ). The zoliation

ig occasionally flexured, being rotated through as much
as 90° with the angle ot dip becoming vertical.

The gneisses are essentially hormblendic with well

d:veloped striping due to the distribution of the félsic
and matic components (plate 6). They zorm a somewhat
monotonous series interlayered with numerous a phibolites,
Hornblende-biotite gneisses are relatively common and
biotite gneissés unc-m.:on, although the latter predominate

in some localities.

No syste atic regional variation in the distribution

of potash teldspar was observed. In many specimens

adjacent grains of potash feldspar appear to be linked
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tozether by thin veins of the sare mineral. Aucen,

vihich —ay be more than 1 cm. in size, occur rather sparsely.
A Tew of the amphibolitic stripes contain potash teldspar,
In some cases, where lemcocratic stripes alternate with
stripes containing 25 per cent or so of hornblende, no

n ticeable variation in the awmount ot potash feldspar

can be detected fro- stripe to stripe and this evidence

is considered to indicate that the distribution of potash
feldspar is not due to metamorphic differentiation.
Co-monly, however, the lencocratic stripes contain nore
potash feldspar tha: the adjacent :ore mafic stripes,
althouch the reverse has also been seen. Potash feldspar
often exhibits a sireaky distrihution, some streaks
containing up to 70 per cent of the mineral (plate 7).

The t>tal amount present in anv specimen, however, rarely
exceeds 25 per cent, As the aount ot potash feldspar
increases the gneisses change in character from trondhjemitic,
through granodioritic, to granitic,

Plagioclase is present in a'l the gneisses, sonme

containing as "uch as 704 It iswually a milky white
colour, while in a few specimens it cxhibits a light blue
schillerizatiog. Streaks ot plagioclase are a common
feature of this group and the mineral itself appears to

bear an antipathetic relationship to potash teldspar,
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quartz, which is present in a: ounts varyinz from
5% to 3C%, often occurs as thin streaks or lenses.

Specimens of gneiss exhibitins folds, to which the
main toliati'n is related, have been examined closely
for evidence bearing on the mechanism ot potasBiutm
metasomatism. Xlthouzh there is no evidence suggesting
that potash feldspar accunulated in £°1d elosures, in
specimen B96 trom 75C etres south-south-east of Weaver's
Bay potash fcldspar is evenly distributed across a fold
closure, irrespective ot the izineral composition ot the
stripes and streaks which coiprise the fold, possibly
indicating a move.ient or potashmarter the pericd of
deformation, In anothcr specimen from hearby (B373) a
potash teldspar-rich stripe is flexured, but it is not
clear whether the rlexure has detormed or is associated
with the main foliation,

Gneisses 1 mediately adjacont to, or in contact
with a 1icro-granite sheet are ncot enriched in potash
teldsvar relative to the gneisses further away, indicating
that, it potaswmmetasoratism has occurred, the . icrogranite
sheets were not the source. At one locality a potash
teldspar-rich iayer,is tlexured in the same manner as
the adjacent layer rich in mafics, suggesting that it
there has been a potashm .etasomatism, it has been

followed by a phase orf deformation.,
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The aric .inerals include hornblende, biotite

and eonidote, the latter two bein~ abhsent in many cases,
Biotite rarely makes up more than 15% of the zneiss and
epidote may reach 5% at ~ ost, whereas hornblende varies
from almost zero to 95%, often Toriins ztreaks and clots
in the ~neisses, The more mafic lavers of the gneisses
wnet ¢ moonly occur in a series or alternations with the
riore relsic larecrs ~ivins rise to the striped gneisses
(plate 8). The ~atric ~tripes vary in thickness trom

1 mm. to several centil.etres, and in some cases consist
or a thin layer composed almost entirely ot short

stu-py hornblende grains.
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Folaing o. earlier striping and .oliation.
The secona (Iaxiordson) roliation is parallel
to the earlier t:liation where 1 :1ding is
isoelinal (bottom right) and produces &
"gtreaking-out" ot the stripes at the told

noses (below hand lens). Badnabay gneisses,

PLATE 6

Typical striping of the Beadnabay gneisses.,



Plate 6



P ATE 7

Striped sadnaba:; gneiss in which streaks
ricl, in ptash teldspcr (grey, are common,

The streaks show 2 non-parallelism,

PLATE 8

A Badnaba:r cneisc in which mafic stripes

are well-developed.
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The .eaver's Bay Gneisses

The ‘eaver's 3ay gneisses lie bhetween the Rudha
Ruadh sranitic shect and the Cnoc nan Jro gneisses,
‘‘hey are com only interlayered wlth a phib~lites, and
with lenses and bands of the Cnoc nam CUro -neisses near
the junctinsn with that zroup. Jorether with the Cnoc
nan Cr» dcro-traniies theyry for . an extensive develooment
of migmatites, which arc described laier (p. 132 ).

The ~nei~ es have a well-dcvelored toliatiocn vhich

gtrikes W-8E and dios to the gsouth-west at an-les

9}

var-in~ Tron 40° o 60°. “he foliation is parallel

to the anial plane of ‘he f,1ds ihat vlunse 4o the
south-east (vlate 9) and is occasionally flexured in a
arner si ilsr 1o that seen in the sadnabay sneisses

(pe 36 ). Cn rare »ccasions a lineation is ceen, but

it is less trequently developed than in cither the Claise
Fearna or 3adnabay gneisses. ‘he foliation avspears to
be due to ‘incraloszical sireaking and siriping (Plate 10).
A ineral orientation has nol bcen seen in the ‘eaver's

Day Sneisses.
7

Distribution of minerals

b

The group consists e. entially of hormblende-biotite-~-
epidote gneis.es, although occasionally hornblende or
biotite gneisses occur, The gneisses are typically
striped (Plate 1C¢) and in many cases have a suszary granular

texture.
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As with the other grouns of sneisses trondhjemitic,
granodioritic, and tonalibtic gneisses predominute; a few

granitic gneisses alco occur. Frotash feldspar is usually

subordinate to plagioclase, altnou-h gsome tnin layers are
enricned 1n potasih relizrar. I jlencral, it has & similar

distribution to that cecen in the otuer groups and occasionally
forms auizen. An imrortant foature of the sneisses is the

cccurrence of thia ribs of quartzofeldspathic material,

which vary in thickness ifrom Zmn to scn (plate 11). in

e

these ribs potash feldspar may be absent or present in
varying amounts, plagioclase and aquartz vary in amount,
and the mafic minerals are sparse, ‘he potash feldspar
content could not be related to that of t!ie host gneiss,
while no significant variation in the potash feldspar
content of the gneisses could be established in stained
specimens, it is clear that the microgranites, which not
only form an essential part of the migmatites but also
form thick homogeneous sheets, have not caused potassium
metasomatism in the gneisses. omall inclusions or relics
of gneiss within a microgranite do not avpear to be
enriched in potash leldspar relative to similar gneisses
not enclosed by\micrOgrani“e° This evidence, however,
does not rule out The pucsibility of a general potassium
metasomatism that may have originated from the same

source as the microsranites.
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Both plazi clase and quartz show si ilar reatures

to ‘hose seen in the Badnabay rneisces; 1in additin,
occasi nal porphyroblacts of nlagioclase are seen (Plate 125,

In the majority 7 sgecimené, hornblende n»nredorninaties

slizhtly over bistite and epidote when the three —atfic
inerals occur tosether, It alsc oredomrinates, t» the
exclusion ot others, in any cases, in the matic stripes
that are amphibolitic in co position, However, many
other gneisses ¢ ntain only biztite and epid te,

A notablc feature ot the gneisses is the consistent
presence I szreen epidote which is conspicuous in mogt
~neis es by occu.ring in an-unts that commonly exceed
5% of the total roc: volu.e, E:idote, howcever, -ay
pe absent in the morc matic suripes, Variations in
the vroportions of the aric and 1elsic mincral constituonts
tro:r. layer to layer produce the striped -neisses (Plate 12)
that rorm the greater var: orxr this group.

An exposure composed or altermations ot quartzite
and a flagsy, evidote-rich rock (Plate 13) represents
one of the tew examples of metasedl 'entary gneisses found
in the area ang can be seen 500 -etres south >f Cn»-ec
nam Cro, Granular epidote is concentrated in layers,

Several s all flakes of molybdenite are oresent

in the =zneisses near Veaver's 3ay,

- 42 -



PLATE 9

Laxzordian Tolding in the Veaver's Bay

neisses,

PLATE 10,

Striping in the Weaver's Bay gneisses,

emphasising the toliation,
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PLATE 11
Striped ‘leaver's Bay gneis:ies with two

ribs or quartzo-ieldspathic material,

1.5 »m and 2.5 rnm thick,

rIATE 12

Porvhyrohlast od plagioclase around which

a mafic stripe 18 1lexureds
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PLATE 1

A metaseaiment consisting oL quartrzate
interlay:red with epidote-plagzioclase
laycrs that are »icked out by disierential

weathering.
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The Laxtora oy Gnelsses

Mme detferences between the neivses on either
_1u4e -1 the Cnoc non Jro sneigsces ~re 1mpereentible in
the rocks 1 medintely cdjrc-nt to'that group, but
become more anperent i1urther ~vny. The Jenvor's Bay
~neisses crn thus be considered to Srade into the
Irxword 307 “neissec witn the intervening Cnoc nan Cro
cneinces making a convenient “oundar . At tirot cight
the Inxtord Ba rmeis;es are much coarser srained then
the .enver' 3oy ~nei ses, bubt thi: is nrincipally due
to the se regntion otf the maric and felsic corponents
into clots, pr'ches, str clis ~nl lenses, althouh there
15 nls a =lizh® incre~se in the grain-size, The sroup
cr ps out on both sides £ Lrxrord 3ayr and althoush &
continu:uc cection is n t seen there is surficient
correlntion between exposure: to make it rensonably
certnin thnt the gneisses on both sides of the bar, vhich
exhihit essentially the same features, rorm a sinzle zroup.

The tfoliction or the Laxtord Bay ~neisses strikes
1= and u~uwally dins to the south-wect. South of
Iextord Bay the en-le of dip is 40° to 45° but further
north it decre>we_ and in .everal nlaces the toliation
dips to the north-erut at 75° to 90°. Thore is no

con to supjose thet thi. tolistion differs trrom that

in the ~neirses turther coyth (contrast ‘iatson, ov.cit.,

00279)0
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v all c ntorti ns, plunwing to the south-cast at
2 Teow derees,are co only seen (.la'e 14) nd anp.lar
ty revresent a2 ore vlastic style ot toldins than anvpears
in the other =zroups of ﬁneisses.‘

S riped neisses are rather less comon than

strealy, segresated gneisses (Ylate 15).

Distribution or minerals

— — - — et Smm e S mam e amm e

Peloic streaks, often sranitie, are an ecusential

feature ol these gneisses and relsic o iripes are nresent
in -any localitieg. Potach reldspar i1s almost always

concentrated in the felsic rathor than the mafic streaks,
a teature brouht out by the yellow cobaltinitrite stain
(+late 167, A high proportion of prtash feldspar is
also often contained in the leucocratic stripes of the
striped neisses, althouch there are cases where this
rineral is more or less evenly distributed throughout a
specimen of striped gneisg, It aocpears that segregation
and streaking out of the .ineral components into pods

and lenses is accompanied in the leucocratic lenses by
an incregse in the volume of potash feldspar which
eventually becomes the dominant mineral constituent ir
many of these lenses., when the granitic streak forms
an essential part of the gneiss the grain-size of the
specimen does not vary,. There are also many lenticles

and stripes of coarser-grained sranitic material in which
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the otach feldspar has the sanme pink colour as this
rineral in the ~egmatites vhich are extensively developed
in this groun of rneisscs. (Llnte 17)

tther felsic strealis contain »nly quartz and

plagioclase, which are also resent in all the gneisses,

Quartz cou only occurs in amounts varying from 20% to
35%, 2lthoush it occurs only as an acc ssory in the mafic
slreaks and stripes, while “he nlagioclase content varies
from 35% to 60%.

Ilornblende occurs as the snle mafic imineral usually

only ir the wmatic stripes., Otherwise it occurs with
bintite and epidote, com.only both, the three mincrals
forming clots and other types of sezregation, siotite
and epidnte occur to~ether in mos’ gneisses and usually
the former mineral pred- minates, in some cases to the
exclusion of the latter,

Bpidote occurs alone in a 20 cm. thick band of
gneiss which crops out at the roadcside just north of
Iaxford Bay. Within this band which is cownpo.ed essential
ot quartz and plagioclase, granular epidote and abundant
maznetite are concentraved in thin layvers possibly

—
reflecting oriéinal sedimentary layering.

- 45 -



PLATE 14

Small-scale zolding in the Loxtord Bay

sneisses,

PLATE 15

Streaking in the Laxrord Bay gneisses,






CLATE 16

Promineuce of potach teldspar is shown by

the —srer colour in the relsic streaks,

BLATE 17

Pegmatitic p tash teldspar (grey) penetrates
the Iexford Bay zZneisces., Two thirds o
the narrow part or the specimen is composed

or potach zeldspar.
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[.eta orphic Segrezation in the Gneiss Groups

The effects of meta orphic segrepation are nrevalent
in all zroups except the Clai:e ifearna ~neisses, ratic
.ods and lenses are the end products ot this phenorienon

and are best devel ped in the Laxtord Bay zneisses in

vhich they occur in great nrofusion at certain localities.
For example, 300 metre EIE of Badcall Qua-, they fomm
50% of a foliation surface exiosure., The mafic »ods,
which reach a size »f 30 cm., are predorinantlycomvosed
of either hornbl..nde or hornblende and pyroxene with an
outer _-liell of hornblende (Plale 18), They usually
torm a sharp contact with the gneisses, but are occasionally
either rimmed by or intermixed with quartzo-feldspathic
material (Plate 19), features that may represent
intermediate stases in the development ot the mafic pods,
The development of small irregular bodies ot quartzo-
feldspathic material, which usually contaln variable
amounts ot mafic min rals, particularly hornbl .nde, may
be co. :plumentary to this process. Both the mafic pods
and the quar:zo feldspathic bodi.s arc coarser in grain
than the =zneisses in which they occur.

Anoth r wanifestation ot neta orphic segreation
g the s all both f.lsic and mafic clo’s and lenses less

1

than 5 . in size, that are cou onl) seen in the Laxford

Bav rsneis es and to a lester extent in the Veaver's Bav
gneizses (pp.44-5 and pp.40-2 Je Thes: swall-scale
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‘e "rezaticons mar reovresent the earliest stases in the
formation of the larser matic pods and quartzo-
feldspathic bodies.

The striped gneisses are considered to be due to
metanorphic serrerati -n (differentiation. orohably
e phasising coriginal compositional differences
(¢f, Deiirich, 1963). The siriping shows all . radations
£ streaks and 1 nses, a few :111i etres fthicxy,
consisting f quartgz, bi tite hornblende to thick

girives with a highly variable mineral co.nosition,
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PLATE 18

An ultrmatic pod concisting of a core of
hornblende and pyroxene with a rim or

hornblende

PLATE 19

Pod or hornblende with a 1am ot quartzo-
reldzpathic materizl. To the right ox
the pod quartz, 1eldspar and hormblende are

mixed more intimately.
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Idicr.scopic retrography of the Gneiszeg

“he dnera’ constituente are escentially the same
in e-ch roun of znuisses, but certain variati ns in
the proporti ms f the mafic  ineral. distinguish -ne
~roup from another ( ablelt). Quartz, nlagiosclase,
microcline, ornbl .nde, biotite and epidote are the
rajor mineral constituents and cphene, apatite, a'lanite,
caleite, uccovite and pague ores are the minor constituents.
The main ditterences between the groups of gneisies are
(i) the prmnorti ns of the maric nmineral constituents
and (ii; the grain-size and lextural relations of these
mincrals. Thus, the Claise r.arna sneisses are fine-
craincd, the Badnabay -ncisses fine to medium-3jrained,
the “eaver's Bay gneisses medium-srained and the Laxford
Bay rnei. ses medium-grained (lable12).

The rance of mineral co positions, expressed in
volume nercentasges, for the vari us griups >f gneisses
is shown in rfable13, tho distributi-n of these minerals
being summari sed in Table i1,

Quartz shows a wide range f values, but it exceeds

25% in only iwo specimens (S.64 and L.22). Plagioclase
7

als. varics comsiderably, but there is no .ignificant

variation in the amount present in the different groups,

as is the cace with quartz. :.icrocline, similariy,

does not vary mar.edly from grup to zrouvn, although

- 48 -



DISTRIBUTION OF MINERALS IN THE GROUPS OF GNEISSES

Claise Weavers Laxford
Fearna, , Badnabay ~ggy Bay

vC ve veC vC

vC vC vC vC

Q
P
M Fc FC FC FC
H
B
E

v _ cC |__FC _|_ FC __
c__|_Fc_ c _|_€ _
C___U__ FC_ _ c _

Musc] _r_ a i I

Ores| _v_ [__v__{_ v _|_v_
Ap.[_ e _|_ e _|_ =s__|____
SP & _|_e |__& | _te_
AllLy_ & | _v_ [t _[_ fe_
Calc. o a a _fe _
Chl.| te r r

VC — very common

C —common

FC= fairly common CAPITAL LETTERS — MAJOR CONSTITUENTS.
U - uncommon SMALL LETTERS — MINOR CONSTITUENTS.
r — rare
a — absent
4
N\
Tabhle 11 tineralosical variations in the

"neiss groups,



Table 12.

T . S -
© Claise Jdcarna adnoba eaver’s [ ay faxford Bay
R Co=Cey C.Co-1.5 0.U6-1.8 0.Co-2.0
<
A Ce .3 1.0 1.7
R Cor=1.1 Col-1.5 Uao~=1.0 C.4-2.0
l:;
A 0.7 U9 1.1 1.%
l\‘. (/li/"/"‘—ﬁoo Uc l_] o(/\ O.l—]_.2 \/\.1_1.2
I
A C.% Ge0 U8 0.9
R 0.05-0.2 O.1-1.% C.2-1.4 0.1-1.5
[l
A Ue5 Uel 0.6 C.7
‘ R 0.05-0.8 O.1-1.4 O0.5=-1.% Ced=1.4
A 0.6 0.9 1.0 1.0
R 0.0%=-0.5 0.025-0.8 C.1-1.5 0.2-2.0
L7 A 0.5 GC. 0.7 C.8

Variations in the crain-size of the gnelisses.

Q=suartz; P=rlapgioclase; li=kicrocline;

H=hornblende; B=Biotite; b=wpildote.

R=Hange of sizes.

A=Average or most common size.

In the case of biotite length of flake was

measured.




hore 1~ a +end - . .
thore 12z a tendency for the Claise rearna Zneis es to
be ore trondhje itic than the other gneisses while

A+

exa ‘inati n of the stain.c¢ hand .pecirens sugsects that
notash feld var tends to be - ore comm n in the Weaver's
Bay and Laxtord 3ay ;neisses than in the other ar-ups.

Hornblende and bi :tite show the veoriation previousl—

described zrom i . 1d evidence, bi tite predominating in
th Claise rearna and Laxiord Bay gneisses, hornmblende
in the Badnabay gneicses, and both mincrals occurring

in a:proxima“ely equal sroportions in the .enver's Bay

rneisses. The distributi-n ot epid. te can also be
related to the groups otf zneisses: the -ineral occurs
in 1~nrge amounts in the Claise Fearna gneisses, is
virtually an accessory mineral only in the DBadnabay
gneisces, and sradually increases in amount towards the
north-east, reaching its iwaximum in the ILaxford Bay
gneisses., Of the ~accessory minerals calcite 1is vpresent
snly in the Laxfo d Bay 2zneisses and muscovite in all
croups except the Badnabay sneisses; the others show

no significant variation.

The texture: and mineral relationships of the
gneis es vary %fom group to group and appear to fall
into a pattern that indicates an increase in the decree
of recrystallization towards the north-east (cf. Jatson

op.cit)e. The texture of the gneisses is ~ranoblastic
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but in ‘he ‘Jeaver's 3a- and Taxtord Bay ~meisses it ic
atso artly crystalloblacstic, An approximately
equisranular texture, comso ed of nolysonal srains of
quartz and feldsnar, is seen in many of the Claise Fearna
mneisses (tig.2a ), but, towards the north-east, the
cnelsses ©f each suc: ssive sroup become increasingly
inequizranular (fic.2b).

The tollowang oetrosravhic <escription has been
generalised to avoid revetiti n and is applicable to
all ~zroups »f gneisses unless otherwise tated,

Quartz, showing a c'nsiderable range of grain-
sizes (Tablel12), exhihit undulose extinction in all
but the s allest ~srains. it cccurs in the following
habits: -~
1. Very s :@ll rounded or sub-rounded grains occur
either within feldspar ard hormnblende »r at the margins
of these and o'‘her minerals,
2. Grenular .:osaics, the grains forming a roughly
straizht edsed polygonal paticrn, typically occur in
the Claise lFearna meisses but ~re ahsunt in the other
ZroupsS.
3. Irregula}ly shapcd zrains or patches composed of
several crains are very common except in many of the
Claise rearna gneis es. They may be either interstitial
or bulbous, lobate and usuvally convex towards the other

ainerals (fig.2c)e. {ccasi-nally the grains and patches
- 50 -



are elons~tud into folia several millime'pes in lenath
and may enclose small grains ot plazi clase and
hornblende and flalkes f biotite,

Jduartz ~rain boundarvies nay be either smo»th or
sutur d, m rtar siructure being present in some cases,
Boundaric.; with the oth.r minerals are usually smooth
hut occasicnally quartz forms a serratod margin with
plagioclase (fiz2d4) a feature varticularly »rominent
in the Veaver's Bay gcneicses from the i-land in Yraigh
Bad na Baiche and also seen in the sadnabay gneisses,
Cccagsionally small inclusions of quariz in plaginclase
have similar s.rratcd margins, This teature is prosent
at plagioclase-quartz contacts »nly when the 4win
la..ellae ar. in coniact with the quartsz zrain, The
cerravions are usually relat.d to the twin lauiellae,
with one set of lamellae jrojecting intc the quartz and
the alternate sel penetrated by that mincral.
Occasionally those which project into the quartz have
a clear, roecrystallised, :ore sodic tin (fig.2e).

Plagioclace,whose composition usually varies only

from A%sto An29 irrespeciive f the mineralogical
composition ot\the gneiss, does not show any variation

in anorthite content trom one group or gn:isses to

another, Zoning 1is never seen and twinned and untwinned
teldspar occur in app.oximately equal amounts, Twinning

is usuva'ly on the albite law with tapering, slightly
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curved lariellae hein~ nerticularly prominent. ~uch

of the =»la~ioclase i8 tresh, Alteration, when

nresent, ig either »oatchy or contined to alternate
lacellae, the product: hein: either zericite or an
unidentitiable dust, -lagioclase is usually cranoblastic,
but in the north-ecacsterly-occurring sneluses it way be
crystalloblactic, “wo cencrations ot nlagioclase nre
yresent in soe of the 3adnabay neilsces, the later
reneration beins; 31i htly ore sodic thar the earlier

one (fig. 2¢ ) 1n these and other sneisses alteration
sometimes ozccurs alony a cdirection which is at a distinct
anzle to the albite twin la-ellae. A clear, recrystallised
rim, oftern nore sodic than the core may form on plagioclacse
vhen this ineral is in contact with microcline (fig.2g )
and occasionally with biotite (fiz. 2h ). kyrnekite may
also be present at slacioclase/ [icrocline contacts.

Sodic rits oceur in three ways: (1) as untwinned rims

(2) as rro twinncsd in the saie way as Tthe lagioclase
core and (3) as rins in whicn the twinning is reverscd,

In coce (2) the sodic rim is onl <lihtly more sodic

than thc -ore, the in content being greater than Ango.

In case (3) tﬁe co pnosition ot the socic ris 15 less

rhan Ans g, ac indicated by the roeversed twinning and is
commnonly around An5. In the Jeaver's Bay sneisses
streaks ore sodic than the host 'lagioclase can be
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cbrorved to ans Iron one crain to another, occurrinr’;
oo train or bubblos vhen a cuartz rain inter enes
(firg. 21 ). In onre or she enver's Bay sgnelcses
gtrenus, vaich broaden at the cdge or the —rain, rather
lixce che albhite of ilanie perthiie, occur at an antle

to the twiin la ellae of slazioclmse ~ud ~re slichtly

ore ~odic than tliec host {fi:.zj ).

dcrsecline cow only exhibiss well develoned ~rid-

twinnin- or, less comnonly, wavy, sli-htly undulose

CWinninse. Lotoch reldeopar is only rorely untwinuned but,

zollovian: ruttle & Bowen (1953, ».98), it 15 concidered

chat thic variety 13 also -icrocline. It is notable

that a sruch hi1~her nerccntae of 1crocline ~zrains in

tie sneicses than in the granitic rocliis exhinit srid-

tviniang, for cianple, in a 2 mm thiclt layer composed

al .0 .t entirely of icrocline every j;rain shows perfect

srid-twinning. .:icrocline i. present i1n varying amounts,

the grain sire increasing as the amount present increanses;

only rarely is 1t coupletely absent e.cent in the Claise

FPearna zneisses near the south-west edse of the area,

+t is com ouly interstitial (fiz. 3a ) and often penetrates
7

between or inbto other iineral graius 1ig. 3p ) particularly

when oresent in s .all amounts. .icrocline -ay envelop'

quarcz anu sLag.oclase suains (fig., 3¢ ) and occasionally

the latter appear to be 3lishtly rotated narss oo Larges

srains (fig. 34 ). iicroscopically visible perthite
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i rothoer unco D o +u “he crzeacCline of the gnei;;.:cs
vut hen ore .nt 1t iz ot the flame werthite variety,
vile oL 25 belnt co woted of albite, Occasinnally the
alvbivic averial that «o.r.s ou wlagioclase at plagioclase/
icrocline contacts annears to nenetrate ithe ;uiains of
ilcrocline, resulting in flame perthite (fiz.3e ).
soviever, acreclane vith £la es of albite that have no
obvious genctic re ationsiio to olaz.ociase are connmon.
In co:ze cases the flawes broaden towards a contact wauwn
biotate (fig.3f ) =zrd in other cascs alovite anpears to
form an i:ndepeiwe.,., -hase (fizs. 3g ). So.e larce
~rains of 1 roc ine exhibit bulbous, cowuvel rcl .1ons
rowards nlagioclacze (fig. 3h ) and occasionally short
towzucs penetrate that iineral,

Ilornblende _hows tne Least variation in zgrain-size

(zce taole 12). It exhibits a cryuvallowutastic to
sranoblastic habit, the Torner being more coxmon .n thus
ninceral than in the felsic inerals. Two varieties
with tne ruvllow.wz pleochroic scheres are present in all

crouns of sneisses: -

X Y Z
7
1. pale green Treen dari green
2 pale yellow=- .cen olive green dari bluish green

1he dark green variety +s the gore comon and often the
only one prcuent in a lhin-zection. wornprende 18

almost invariably fresh and the only alterat.on is a
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cnarse Tron. the usual stron; pleochroic col urs To vty
pate colours scern at a contact with biotite (nlate 20).
S:imlL relics of hornble: de are otrten enclosed by biotite
at cucu wontacts, In nany of tﬂe more .afic bands,
hornutcnde 1s awsociated vwith rnumerous oval sranules ot
cphene. shen 1t occurs irn association with biotite ana
epruote voth these minerals oftern cut co:pletely across
it. vn rare occasioens sxall ~rains of hornbloende in
optica. comvunuity are enclosced by epidote. C.ncave
relaticasiiops cee usvally shown towards slazioclase, nuartgz
anu 1crocline, hornblende remaining stable in all cases.
Biotite varics in length ou slake not only from
zroup to jroup (Table 12 ), but also within g.oups; for
ezample in the Claise rearna gneisses, the length iucreases
Lroii a aaximum of U.6 tm. in the gnei.ses oo the extreme
south-west to C.8 :m. in the gneisses at the junction
petveen the Clalise rcarna and 3adnaba, _roups, the .increase
being accompanied by an increase 1. the grain-size
variation wi hin specineus, The.e 1s a general inciease
in the leugth of wue biotite flake +.iowm the Clai e rearna
Fneiscew to the Lax.ourd Bay gneisses. three varieties

\
ot niutive ovccur with the following pleochroic uschcieg:-

X Y, 2
1. straw dar< brown
2. palc ;wceenish brown dack sreenish browvn
3. pale reddish brown dark reddisn brown
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~ceurdiny to layama  (1959) colour w.iteseuces in
biotite are <uz to viriations in co.posstion. He
conclude. vhat the ‘i‘iO2 coutent and the ratio Fe203:
FQZUB + rcu have the 0.t 1uportant 1n.luence on colour:
high T102 content produces a reauish o.own colour, high
1erric to total iron a green colour, and a combination
o. vnese .actors a v.own colour. It sinould be noted
thae +t 1o the relative oroportions oi tnese tvwo factors
vhav wetermine the coirour. The gireenio.=p.ow. var.ety
is the :0st com on in the gneisses througaout the area
+hereas redursh-brown pirotrte has not been seen .n the
Laxtora pay guneisses and i. ratner w.com:.on in tue other
JTOUDS . In rost or wue suelsses the biotite ilakes ase
alignea +n one plame although a hapiazard arrangement is
geen vhere nuusuhlerde s in close aocociation and
occasionally oouie inuividual flakes lie at rigut angles
to vhe usua  direction, vhey often have razsed ends and
in all sroups oti.er than the Badnabay gneisses Dnail
tlakes ot wnite .nica may be nresent at the euds. the
flakes often verminate agains. epiruote ana arce occasionally
covipletely cut through oy tha. mineral. In one cauze a

7

small grawn od epido.e partiy s..roundeua by biotite
produces a pleuvchsoic hato in the iatte., The felsic
mincialis are ou.on convex towards the ends os the flakes
ane usually moulded ou to tue oudes. In a 1ew thin-

sections biotite and quarvz form a sy plectitic inte.growth,

oa)
i
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pasticularly  when adjacent epiuvote Jorms a sipilar

interzgrowthn. Biotite 1ay be altercd to chlorite ard
siatl o wcale puckerans is occasiowally ceeuw,

Zp.dove 15 common in every zroup excent the
Baunapay snersscs, 1 vhicu it is only occzasionally
prominent, 1t ic e.the. ve.y pale-zreen ana non-
pleochrorc or yellow 2na fointly pleocunro.c and occurs
as pusismatic and r.omypoider srains, as granular aggrezates,
or as irrecular ~roins, It uwsually displays second
order interference colours, althoush in some thin-sections
fror. the Claise irearna cneisscs the interference colours
are .iddle tirst order, sugsesting a deficiency in
terric iron (Deer et al, 1963a, 2.202) thot can be
correlated with a relatively low Fe203: FeO+Fe203 ratio
in the reddish brown biotite of the sane rock, The
maximu: ansle of extinction (2M¢) is 25°, Epidote
ctten forms a symplectitic intersrowth with quarte,
particularly vhen it abuts asainst feldspar (which may
be venetrated by the oy .plectite) end in some Laxtord
Bay gneigses the interzrowth tringes normnal epidote
(Plate 21). Bpidote otten purtly or completely rims

7

allanite and dccasionally the opaque ores., ‘he only
wineral not cut by epidote is quartz vhiich wmay display

margins convex tovards epidote,



avzite ocours onl - ir the core of certain afic
pods within the 'neissoes,. 1t iz a pale-sreen non-
pleochroic variety identical to that present in the
a paibolites (p. 233 ), It nay enclose 3 all ~rains
of hornblende but is rarely enclosed by that .ineral,

“he acccssory incrals are allanite, avatite,

cnlcite, chlorite, inuscovite, opaque ores ard sphene,
their distribution bein. shown in wable 11, Allanite,
vihich is present in w05t of the sn.isses, vades in cige
fro. v.l m. to C.6i. .. and is often rim.ed by epidote,
Apatite, orten associated with the matic minerals, varies
in sire frm O.1 tmae to 1 nm. and occurs as oval or
rounded srains that are an.sarently ost abundant when
larze amounts or .icroclinc are present in proximity to
the :afic minerals. calcite occurs either as an
interstitial wincral or within plagioclase, iuscovite
o8t corionly occurs as ninute rlakes of vhite maca
trinsing biotite, but in a rew or the Claise ifearna and
Jeavers Bay gnelsses 1t occurs as tairly larze tlakes

that occasional!ly torm a verrticular interzrowth with
quartz. - Sphene, 2 co . on accescory, occurs as oval

;rarul es that\}each a ~ire of 0.6 w. and are con only
asociated with the rore atric narts of a gneiss, The
ore .incrals are vyrite, ..agnetite and haeumatite occurring

either alone or tozether in a complex series of associations:

- 58 -



Pyrite ay e ri.ed by cither haenatite or ragnetite,
each o viiica cay be ri ued by the others or nay
occensinially vein and nenetrate nyrite and one another

in an inti.ate ‘anner, Chlorite occurs s o Iare
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Plate 20
Hornblende (vartly bleached) in contact with
biotite. ¥ 100 Crossed nicols . Lexford Bay

sneilsses.

Plate =1
spidote fringed by a quartz-epidote symplectite.

X 100 Crossed nicols. Laxford Bay gneisces,



Plate 20

1

Plate 2



ihe feochenictry

fublished work on the ~eochemistry of the cneisses
of the taxfordian complex is confin<:d to one analysis of
the major ovides (Peach et al.,1907 - see Table 15, no.1l9 )
and an average of four trace element anslyses (Hitchon,
1960 - see Table 1%, no.2u ). In the vpresent study 17
sneisses and one hornblendic pod have been analysed for
their major oxides and of these 7 have been analysed also
for trace elements and all for the alkali elements Li, RD,
and Cs by the methods described in cChanter I, to which
reference should be made for the analytical details and

errors (np. 14=27 ),

The chemical analyses, in weight per cent, of 18
axfordian gneisses, together with cation percentages,
Niggli numbers and mesonorms are shown in Table 13, As
might be expected from any series of gneisses, the analyses
can be arranged to show a trend of increasing acidity.

All thefanalysed gneisses are trondhjemitic, granodioritic,
or quartz-dioritic with soda predominating over potash.

Wwith one exception (S14) the ratio lime:potash is greater

than l.  The gneiss groups avrpear indistinguishable at
. . , . + o+ + LU+ )

first sight but the ratios K :Na and K :5i surgest

certain distinguishing features.

The consistent predominance of soda over notash

- 60U -



4

in tic ~neilsces contrasts with the one puplLished cheial
analysis of a bictite meiss from nesr Durness (Pcach

ce ~1, 1907 = sce "able 15 ), in vhich potash »nredominates
o.er soda, 1 thao sock the ¥ :liet ratio, vhich is
sreater than 2, is greater than the st :lat ratio or most

of the Cnoc na Cro granitic rocks (uee op.t 66), e

1

relatively hich potz.hh value can be explained by the
nresence oL cuustacrable amoun s of biotite (see mesonorm
in Meble 12,n0.19) but wne lew soda content is more
ditticult to explain, The normative prazioclase

contains 64 per ceit of the anorthite molecule, whereas
accorulus to the petrographic description, the plazioclase
1s oligoclase, This analysis is, theretore, considered
to be oL wouonuveul quality, thus affecting the validity

of parts or watcon s uuscussion of the chenical changes
durinz th. Laxtoruian mevaorphism (Sutton & atson, 1951,
pp- 290 - 291). w8To0u Lzes this analysis to sppport the
sustestion thac the total feldspar of the acid Laxtordian
is not muech zreasier than that of the acid scourian,
Comparing tiac analysi. witn one of an acid charnockite -

a quartz-pyroxene gneic.. (Tahle 13 ) - it is concluded
that, relative to tue scousian, soda and lime have migrated
out ot the aciu .ocks and that microcline has replaced
plagioclase ausing the Laxtordian .ietarnorphism, The
analyses quoted nere show that this conclusion cannot be

Sup)O.L'l,(:u..
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A

4 close si.dilar.ty eiots o tween the Laxfordian
srcoeses and the juneroses Trom other areas of rre.-
sorbrian bace ent, (or ample, the svecorenniaes of
Finland ana thne rsre <a hrian or . st Atricay Z ble 12

.

co pares wne seocheristry of the tax.ordian onei ‘ses
w1t wome synkinematic sneisses ot est Africa (rarmno,
1962b), ~nd inl-nd ( imonen 1960,

tneisses of this .inuw noy be either magmatic
(Zgkola, 1932, 196v) or mciamorphic-metasomatic (Read,
L9y iar:o, 1962a) in ori~zin, trends obtained from
caemical amalyses may be userul in deteriining the origin
of a series oz sneissecs (see uwowie, 1955) and a number ot
diagsawms of veriat.ions in ratios (Figs. 4-7 ) prepared
rroit the analyses v« the waxfordian zneisses, are now

droCUL3CAe

(1) The ratio Na:K

in all cases the rotio na:K is ~reater tnan 2:1 and
1.. ost coies it is greater than 4:1. A piuv of Na against
A (fig: 4b ) for the wLaxiordian gneisses shows a wide
scatter or .o.uts, A statistical analysis shows that
viie correlation coesticient bevwveen wa anu o is + 0,031,
a very low derree o. ,osivive correlation, suggesting that
as wa increases K tends also to increa. e, However, une

correrati n coetrtficient 1s so close to zero thatv there

is practically no linear agree:cnt petveen na and K. at
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the sone tine it is signiticant that the rotio lLeo:X is

less th?h 5.5:1 for the .eav.r's Ba’ and Loxtord Bay
pneisces, with the eicepti n ot L135a (the flaggy quartizite)
and ~reater than 5.,5:1 tor the Clai e reernc and Badnabey
‘neigsses, with the exceptzon or 514. In ~ddition, decspite
the evidence ot o positive correlation coefricient, the
lower Lo:K ratios op.ear, in come caces, to be due to a
coizbination ot decrcasing La and increasing K; for example
in L4l (Table 13, Lo.12, the values of La and K are
respectively lower and higher than in most of the gneisses

and nopenrs to susgest an antipathetic relationship.

(2) The ratio Mg:Fet+ Fe3

2 3

& plot or ug amainst PT+ Fe” hows thet there is a
systematic variation in the relative proportions ot these
elements (tig. 4a;. The correlation co:fiicient for

thic ratio is + U.84, 2 high dezree of positive correlation
indicatin; that as Lz incrcace: so does Fe2+ EeB both
incrensing by ansroximately the same amount, Variations
in the mg:ye2+ EeB ratio of 0.75:1 to 2:1 are not
ceoraphically signiticant, that is there is no apparent
systematic change in the ratioc from one group of gneisses

to another.

(3)  The relotive_ proportions_ot NasK:Fe’rfe’:lg

’

/.3 expected from the vprevious ratio, there is a
cystematic, approximately linear variztion in the relati ve

proporti ns ot these elements. (rige. 5b). A Na+K
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ircrennoes re + e’ ana .z decrease, These oroportions

reflect the variations in the veldspati i~ corstituents

and the fterro . _negsian constituents, which cre considered
to be due, at least in oart, to meta orchic se-re-ntion.
there 1s no systematic variation trom one group of rcneisses

to another,

The ri 5li nunbers k, al, tm, ¢, alk and ti have
been plotted azainst si (fig.b )e he values al, K
and alk all increase ac ci increases, whereas tm decreases,
t1 ten's to decrease, and ¢ .iows a scatter or points
vhich irdicate neither an increase nor a decrease. al

increases and 1. decreascs at approximately the same rate,

(s) she ve_ond K: Si_ratios

The plot of ka against »i shows a scatterof points
(fige. 7 ) and there is no gisniticant increa e or decrease
in ia as Si 1ncreases. the plot or i .3ainzt Si shows
two si;nixicant trends as Si incrcases (fig. 7 ). Above
Si valuesof 63% K values shows a diver :ence, one set or
valucsincieasing as 5i increases and one set decreadng,
indicating that as the gneiisses become more acid they
tend to form ditterent types. rhe trend towards higher
values of K anpeamrs to be associated with the ‘eaver's
Bay and Laxford say gneisses and towards lower values of

X with the Claise rearna and Badnabay gneisses,

- 64 -



(t) Thz Quartz-albite-orthoc: ase_diazran

The sycte. quartz-albive-orthoclase-water, wiich
has been studied experinentally by YTuttle & Bowen (1958)
is discussed on p. 169, fwo plotc of mnor.ative quarte,
2lhite and orthoclase, one recalculated trom the catanornm
and the other fro.. the ..econorm, have been made tor the
Laxtordian gneigsses, The tield ot the gneisses lies
beyond the terrary eutectic at 4OOOZ:g/cm2 water Vapopr
pre.ssurs, suzggesting that, unless very 1igh vwater vapour
pressurec are involiied thne origin ot the Laxtordian gneisses

arrot be explained by extrapolation tro: the quartz-alb-te-

orthoclnce diagra . ot Tuttle & Bowen (1958). (rig.82),

(7) The orthoclae-albite-anorthite diasrar:
Tvio nlots of noruative orthoclace, alvite and anorthite

one recalculated from the catanorm and one recalculated

1rom the mnesonor:, have been made on the Or-Ab-An diagram
1or the Laxfordian gneicses, Thoze plottied trom the
mesonorm are roved towards thie Ab apex with respect to

to thoge plotted from the catanorm (fig. 8b ). The

plots are rathcr scatiered indicating that there is no
systematic vairiation between Ca, La and K. as can 21 -0

be seen in tigure 5a,
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jn IS - 1
frrom each

the trace clomert conc: nhtration iIn

of the =rours and the alirali elonents 21, Bb, and o~ for
all the analysed srecimens nave been docitarnined (Pable 1%).
’s wag nov celhected in any snecimen ana, trerefore, 1T
this clement 1o present 1ts coacentration is les: taan
oo soncentrastions of Mo linve ocen recoalculated to

cation »om.  and toe rosulting values plotted against the

cotames of K (fiz.9). Phe ratio Hb:K snovs

cation per

(¢

an arproxinately lineur trond.
ra 1s the only orace clemeal that shows a notable

variation in concentration i{rom group to yroup.
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Figure 4 Plots of (a) ¢lMg against V(Fe2+Fej)

(b) 4Na against %K



(b)

Trionpular variation diagrams of
(a) Na, X, and la,

2
(b) Na+K, Fe“+Fe’, and Mg.
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Distinguishing featurce or tne gueiss group
The evidunce so far orffered shows that the four
~roups o1 gneisses can te distinguisnea .rom one another
on structural, mineralogical, vetrographical and
-eochemical grounds,
In the tield the following criteria are .uportant:
1. Biotite precdominates in the Claise rearna and
axford Bay gneisses, and hornblende in the Badnabay
snelsoes, wnereas hornblende and biotite occur in !
approximately equal proporticns in the aeaver's Bay
gneiscses,
2., Striped sueiroses are well developed in the wvadnabay
gneisses, the stiuping being progressively replaced by a
streaky and lens snaped sesregation. in the Jeaver's Bay
and Laxford Bay :neisses, otreaky, sub-homogeneous gneisses
in
are com.onlule ~laise [Fearna group.
3. he vlaise Jearna gneisses are .ine-grained and
equigrarular wiile ineguigranularity ana a sugary texture
appeaf in the Badnabay gnei:ses and iucrease in the
Weaver's Ba; and laxford Bay ;neisses,
4. olding, axial plane totiation and lineatr.on are
com only seen in the Claise rearna and Badnabay gneisses,
but are le.s com.on in the iveaver's Bay gneioses. Foliation

showing siall scale puckering is present .u he Laxford

Bay gneisses while lineation is not pro-inent.
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5 e Epidote occurs in large amounts in tne Claise
Fearna sneisses, 1s virtuaily an accessory mineral only
in the padnabay sneisses anu radaly increas-s in
amount towards tne north-east, .caching its maxaimum in
the Laxford Bay gneisses,

Other criter.a depend on thin-scction analysis:

1. A gradual increase in grain-sige in the gueisses
is observed to occur towards the no.th-east,

2e Of the accessory minerals calci.e 1s present only
in the waxford Bay gueroses, while muscovite is absent
only in the paunabay sn-isses,

Geochemical criteria can also ove used to distinguish
between certain groups thus:

1. The ieaver's Bay and Laxiorsd Bay gneioses can be
distinguished trow the Claise Fearnma and Badnabay gneisses
on vhe vasis of the Nat:K' mtio. 1n the formeir gioups
the .atio is usually less than 5.,5:1 w..le .n the latter
groups 1t is zreater t.an tnis value,

Although there are severar. ways .n which the groups
of gnrneisses can be uisiinguished, only a combination of
.eatu_es can be used to classity a gneiss sample, The
na:K ratio must be usea carefuliy, fo. obviously tue ratio
in granitic gneisses o. the Badnabay and ulaise rearna

gne.sses wiltl be Less than 5,5:1,
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.eta .orphic cacles

Sensitive nincral iundacato.s, waich would have
siven a nsrecise ianwacation or the tetamorphic racies,
are abgeny in the nersses ot the Laxiord arca, lovievey,
+the wide distribution or the tollowing cundivions susggest
that the ac.. znes ses belons to the epidote-a:phibolité
rccies s derined by Ramberg (1952) (=stau.olite-quastz
subfacics o+ the almand..e amphinolite iacies or Fyte,
Turncr and verhoogen (19%0)),
1. Plagioclacse is rarely more calcic thau AnBU.
2e Epidote, very comzon 1iu the gneirsses, appears as
a .tapite mineral in the presence or soaic pragioclase,

Watson, following 'eair's petrog.apuic description
ot the Lew.esian rocks (iun reach et al,, 1907) states
that ovoth bas.c and acid wLaxfordian gne.sses contain a
grcen, non-pleochroic augite wnich has srown at the expense
of nuvrnblende (op.cit., 1951). Irn tne present investigation
a detailed petrog.aph.c study has shown that a pale g.ecen
pyioxXene occurg only in ultranaric pods and balls associated
with the gneisses or, morse rarely, i. ohin layers of gneiss
rach 1n rerromagnesian rinerals vhicli are interlayerea
with tue ac.d zneisses, this suggests that higner
racies conditions existed at an eari.er s.age of the
mcuamorbhism. 1t .8 consiuered that this facies was
the arphibolite racies as detined by rkanber; (1952) and

that the stable epidote-sodic plagioclase acsociation
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present in the acid gneisses renresents 2 decrease in the
metaiorphic grade not reflected\in a few ultramaric pods,
balls and strines, except on the ri s.

It .oy be gignificant to rote that i1n the a.iphibolites

and the Lorthwest Adircendack ! ountains, New York, a green

clinopyroxene appears at about 540°C (unzel & Engel, 1962a),
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vable 15
vhemical composition cxpressed as welght %y
cation percentages, mesonorms, Niggli numbers,
modes, trace element values, and catanorms are

listed in order.



1
B1o57
8102 91.80
Algtﬁ .69
ﬁ‘e’)\JZ Oo;f(/
2
feC 1.10
]"A,%O 0.7
Ca0 %.03%
Nago 5.12
K0 0.88
T102 U.29
MnO 0.03
H,0 0.82
Total 100,48
s
517" 66,75
ALPY 3910
S+ .
Fe” C.6%
Fet oL uu
)]
Mg<* 1.08
Ca2+ ﬁ.bB
Nat 5019
K* 1.05
Tyt Go21
PSf Ca 0l
Fne* G.02

2
Le2
70.5%
15.89

C.90

0.20
L.0%
0.02

P

1251
69.71
15.02
1.59
1.57
1.17
2.72
4.69
0.89
0.38
Uel3
0.04
0.56
99.07

l6.67
1.01
1.06
1.65
5.7
8.59
1.0e
.27/
0.C9
0.02

4
S5
70.17
15.70
0.77
1.07
1.29
%4%0
607
1.15
0.57
0,07
0,04
0.56
100.96

©5.97
156,39
VeD2
Ueal
1.74
.29
11,07
1.51

513
66. 14
17.35

1.54

1.49

2.29

2459

5.65

1.21

0.37

0.13

0.04

0.63
49.53

61.12
15.50
1.07
1.15
3.50
2.55
1¢.12
1,45
e
0.09
.02

7

514
70.28
15.09
0.553
1.60
1.45
1.16
5,90
2.26
0.30
0.10
0.03
1.25
100,00

0H.82
16.47
Ul
1.2
2.0
1.15
1C.58
O3
Gel2
0,05
C.02

N

8
1214a
67.85
14,97

1.76

99.57

63.69
l6.54
1.25
1.93
5.21
5459
8t
0.92
0.36
0.06
U, 04

9
1215
70.62
16.26

0.54
1.03
O.04
5.96
5.57
0.5%
0.29
0.05
C.03
0430
99.85

65.03
17.66
0.8
C.7S
C.87
%.90
9.95
0.65
Uell
0.U3
C.02

10
B414
69.11
14,32
1.20
2.12
1.36
4.13
4,71
0.83
0.61
0.10
0. 04
0.51
99.04

65.4%
15.99
0.85
1.67
1.92
4,13
8.66
0.99
0.%5
0.06
0.02

56.61
16.07
C.54
1.03
1.99
1.87
8.55
2.75
0.26
0.C5
0.01

12
78]
70.29
14,07
1.00
2.25
1.88
3.11
3.84
Z.32
0.35
C.05
0.04
0.40

13

L1%5a

65.350
15.89
2.80
0.80
1.10
11.07
2,02
n.d.
0.42
C.10
0.54
1.15

93.60 100.69

0.02

14
Se4
70.55
15.88
1.04
1.55
0.95
2.49
4.94
1.56
0.26
0.20
0.04
0.54
100.00

55.67
17.42
0.75
1.20
1.31
2.52
8.90
1.85
0.20
0.16
0.02

15
S66
71.50
14.86
0.40
1.08
1.4]
5.63
4.70
2.54
0.14
0.06
0.02
0.30
1.0.64

65.79
16.10
0.28
0.82
1.94
3457
8.40
2.97
0.09
V.03
0.01

16
175
69.52
14.69
0.95
2.10
2.35
2.39
4,81
1.38
0.36
0.16
0.02
0.53
99.26

65.06
15.17
0.67
1.6%
5.26
2.41
8.73
1.66
0.26
Uel3
0.02

17
1189
64.75
16.71
1.77
274
1.95
4.49
4.52
1.38
0.49
0.24
0.08
0.62

18
UBl2
47.97
10.10
5.02
10.24
12.50
10.22
1.11
0.77
0.66
0.01
0.3%2
1.54

99.74 100.46

60.56
18.44
1.25
2.15
2.73
4.48
8.18
1.67
0.%53
0.18
0,04

45,44
11.26
3.59
8.09
17.57
10.56
2.03
0.93
0.47
0.01
0.25

19

HOW1
36,76

14,38

.75
.71
.62

.53

.a.
e 18
0.49

99.66

20
Hl

Table

13

. Complete
Analyses
Analyses
Analyses
Analyses
Analysis
Analysis
Analysis

Anaiysis
Analyses
Analysis.

Analysis

Analyses

21 22 2% 24 25 26 27 28
wHW2 UH1 OHZ UH3 rl ml ol S2
60.39 67.68 75.26 67.82 64.7 7u.7 65.92 68.2u
16.14 16.82 14.83 15,04 14.8 15.3 16.16 16.22
5.56 1.0l U.22 1,25 1.5 v.9  1.17 .48
3.88 1.9 n.d. 2,9 3.9 1.7 8.64 2.9
3.43 1,18 nil 1,25 2.2 1.0 2.19 1.17
6.36 5.02 2.59 4,96 3.1 2.7 4,22 3,37
3.75 4.53 5.78 3,99 3.1 5.1  4.87 4,54
0.87 0.80 0.6 1.87 1.9 1.5 1.65 1.65
n.d. U.55 0.66 (.57 0.5 0.2 0.35 0,50
n.d. (.17 0.05 (.23 0.2 0.2 0.06 0.83
0.86 V.3 nil .4 0.2 0.05 0,06 0,04
0.91 0.57 v.11  0.31 2.4 0.6 0.93 0.68
100.15 100.29 100.16 100,27 98.4 *99.95100.22 100.02

data on the gneisses.

1-3 : Claise rearna gneisses
4-10: Badnabay gneisses
11-1%: Weaver's Bay gneisses
14-17: Laxford pay gneisses
18 : Hornblendic pod in the Laxford Bay gneisses
19 : Biotite gneiss, Durness. (Peach et al. 1907)
20 : Average of 4 Laxfordian gneisses.
(Hitchon,l960)

Quartz-pyroxene gneiss, Scourie.

(Peach et al., op.cit.)

Scourian gneisses. (O' Hara,personal com. )
Average greywacke (Peftidohn 1957). o '
Average synkinemntic gneiss, Seirra Leone
(Marmo.1962b). Lot
27428<z Gnessses from the 8wecotenn1doa o:

21 :

22-24 3
25
25 :

vz
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I, THE DLARLY IGUECUS ROCKS

In the Laxford area Clough (op.cit.) distinguished
three types of metamorphosed igneous rock rrom the gneisses
or the Pundamental Complex, namely ultrabasie, basic and
granitic and turther ditterentiated between "early basics"
and "late basics". Wiatson (op.cit.) also recognised
these three types, in some cases equating the basic rocks
(amphibolites) with metadolerites, Eoviever, she
concluded that ""the granite gneisses...represent the
ost strongly netasomatised parts ot the complex"™ (Vatsen,
op.cite, 0.287).

The present study has shown that the tollowing

igneous rock-types (now mostly metamorphosed) can be

recognised: - |

1. Peridotites - now metaperidotites (cf. Bowes et.al.1964).
2, Pyroxenites and/or hornblendites - now hormblendites.

3. Gabbros - now amphibolites and garnet.pyriclasites

(cf Berthelsen, 1960),

4, Tholeiites~ now amphibolites.

5. Anorthosites - now plagioclasites (see Berthelsen,1960).
6. Diorites - now metadiorites. '

7. Trondhjemites - now toliated trondhjemites.

8. !icrogranites - now toliated microgranites.

9. Coarse-grained trondhjemites.

10. Granites and pegmatites.
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In the Laxtord area these rocks show the following
relations to the gneisses and to one another:-
1. hetaperidotites and hornblendites occur as small
isolated masses, often in proximity to either amphibolites
or garnet pyriclasites, They do not appear to be cut
by acid veins and their relations to the gneisses could
not be well established.
2e Garnet-pyriclasites are usually tlanked by, or torm
the core or, aphibolites.
3. rlagioclasites are interlayered with amphibolites
and the gneisses, all three having a common foliation
and told pattern,
4. lietadiorites occur as concordant layers within, and
have the same zoliation as, the gneisses,
5. Garnet-pyriclasites, amphibolites, plagioclasites
and metadiorites are cut or invaded by trondhjemitic and
granitic material.
6. Foliated trondhjemites and coarse-grained trondhjemites
cut most of the other rock-types or the Laxtord area, apart
trom the ultrabasie and granitic types. They form veins,
pods and irregular bodes, some of which cut toldas ot the
main set while others are zolded or contorted. roliation
ig orten parallel to the edges. of each sheet or vein,
7. Granitic material has invaded or potassium metasomatism
has artectea all rock-types except the ultrabasics., There
is no evicence ot any igneous activity post-dating the
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granitic rocks. Foliatiosn is msually parallel to the
nargins ot each granitic sheet.

The abovekmentioned relationships show that the
metaperidotites, hornblendites, garnet-pyriclasites,
amphibolites, plagiosclasites and metadiorites were
intruded as igneous rocks prior to the metamorphism
that produced the present mineralogical and chemical
composition and geometry of these rocks, that is the
Iaxrordian metamorphism, watson (op.cit.) and Peach
et. al. (1907) reach the same conclusions for the
amphibolites and ultrabasic rocks. The trondhjemitic
and granitic material was intruded during or after the
main phase of tfolding associated with the Laxtordian
metamorphism,

Thus the early igneouz rocks are considered to be
those meta-ignecus rocks that are earlier (# older) than

the granitoid rockse.
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rhe Fetaperidotites

The metaperidotites occur at various Iocalities
tniouguout the érea. They are fine to medium-grained
black or reernusn ovlack rocks that often contain numerous
minute white vJiecks, they show two retrogressive trends
yielding hydrous mineral as.emblages: (1) a slightly
micaceous variety grading intoc a uuagnly micaceous variety
in which numecrous streaks and relict paccues or metaperidotite
are set in a mass of olive-green anu gotden coloured mica,
all gradations being seen in a body that c.ops out 400 metres
south-west or wvaxford Bridge, (2) a t.emolite-bearing
variety grading into a coarse-zraiueu J.emolite-actinolite
variety which consists of a mass o+ naphazardly orientated
pale-green actinolite prisms tha. .each a s.ze of 2 cm.,

interlocked with a felt of tre otLite. Lowes, Wright &
Park(1964) suggest that tre oLive nas developed where
the metaperidotites have been .uvolveu in sveep zones of
moverxent. watson (op.cit) liscs b.owvite and actinolite
as the typical minerals oL these rocks south of Laxford
sridge with hornblende anu biotite to the north, but the
present research could not cont..m this conclusion,

300 metres east ot the northern ena of Loch na Claise
Fearna a banded metaperidotite occurs (Plate 22); the
banding ,which is also aescribed by Teal. (op.cit;),is
gimilar to that describea vy .owes, wright and Park (1964)

from layered metapeciwotites o1 ocher localities in the
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North-West Higniands, although sedimentation features
_uch as cu.rent bedding are not present (cf. Bowes,
Wr_ht & Park,‘op.01t. De 159 )& The banding is
vestioal at an angle of a tew aegrees to the tutiation

o+ the adjacent gneissess



PLATE 22

Banding in a metapcridotite (30U metres
ea_.t or the northern end of Loch na Clai:ue

rearna).



22

Plate



Iicroscov.c petrosraphy

The Lea:t al. cred metapeirsrdotites nave a meta orphic

tapsic consistrug os poik.loolasvs and recrystallised

granular aszregates ot orthopyroxene, with lesser amounts
oL oli.ine set in an acicular felt of tremolite, sne
highly altered varieties also have a metaworphic fabric
consisting ot voriaple amouuts o« tre:olive, olivine,
cunlorite, phlogopite and actinulite.

¢livine , which makes up as much as 25 of tune
metaperidot.ve, varies in size from 0.5 -m. vo 3 mm,
1t is always serventinizeu aloug ir.cguiar c.acxs, Ltarge
amounts ot iron @re being assuciated witn vhe pale-green
serpentine, 1n so:xe of the micaceous metaperidotites
serpentinization is complete and boih pdogopite and
tpemolite can be seen within and penetrating retiict
grains or olivine.

Hyperstheue, whih sometimes accounts for 40k of

tne -e.apesidotite, occuws oniy in certain layers, It
Corms sub-sounded recrystarlised zrainms, ved mm, to lmm.
in size, anu po.ikitoblastic plates, 1 mm. to 2 mm.,, that
enc .ose tlakes or chlorite and grains of olivine pbut, in
wmany cases, are penetrated by chlorite.

Trewoiite ana actinorite apparently exhiolit a

complete gradation ot one into the otner, in some cases
forming 95 of the alterea netaperidotite, In thin
gection most of tne Tibres or prisms are colourless,
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although 1n _a.d~specimen pale green varieties are as
comuoun as vn.te or grey varieties, in the tremolite-
actiuor.te rOoks mosi 01 the lairge prioms are actinolitic
in appearance. Tremolive occurs as clugters of radiating
Libres and as an acicuiasr Lekt between the clusters.

when v.emolite occuss in la.ge amounts relict .ex.ures

are obscured and the mineral may be accompanied by an
apbunaent scattering or iron ore, wn the trennlite-
actinolite rocks the larze prisms or actinolite and
tremolite are set in a felt or ribrous tremolite..

Phlogopite occurs in the micaceous metaperidotites

where it torms as much as 30% of the rock., Lt occurs

as stunpy 1lakes - in many cases as broad as they are
long - which vary in length from 0.2 mm, to 2 mm. The
flakes either are colourless and non-pleochroic or
exhibit a colourless to light-brown pleochp!ism, with

an interrerence rigure that is more nearly uniaxial than
that or biotite. rYhlogopite has not been described
previously trom the Laxrord area, although it has been
described rrom other metaperidotites turther south (Bowes,
Wright & Park, 1964). 1t is often quite cloudy and may
contain streaks or iron ore, Rarely, parallel layers oz
chlorite occur within a tlake ot phlogopite, but it is not
clear whether this is a replacement phenomenon. The

phlogopite zlakes occasionally exhibit small fiéxures.
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Chlorite, which roras up to 10, of the metaperidotite,
occurs in two varieties, VWVhen present in the tremolite-
| bearing metapefidotites chlorite occurs as stout flakes,
varying trom U.5 mm. to 1.2 mm, in length, and exhibits
an anomalous tirst order brown colour, polysynthetic

twinning and a very small 2V. The flakes usually

contain streaks or iron ore aligned parallel to the
polysynthetic twinning, This variety is also present
in the micaceous metaperidotites, to—ether with a pale
green, pleochroic variety that exhibits the anomalous
blue penninitic colour and is associated with phlogopite.
In the least altered metaperidotites the tirsk variety

appears to replace hypersthene.

Accessory minerals are sparie except for apaque ores

that occur in considerable amounts in some varieties.
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The Hormblendites

In general, hornblendites that may represent
metamorphosed‘lgneous rocks are rather sparsely developed.
Several bodies that do not exceed a size of 2 metres by
4 metres crop out on the headland near iieaver's Bay where
they consist of stout, stumpy hoimblende that reaches
2 cm. in length, occas.onal rlakes or biotite and small
amounts of actinolite. 300 metres east or the northern
end or Loch na Claise rearna a granular hornblendite
occurs near a panded metaper.dotite, a garnet-pyriclasite
and an amp:ibolite, These four rock-types are not in
contact with one another, but their close association
in the r1eld suggests a genetic relationship.

The hornblendites are partly or almost completely
altered to biotite when they are involved in zones of
movement, occurring as highly contorted veins and lenses

that are rinally broken up into a series of pods,.

~icroscopic petrography _

Hornblenae occurs as interlocking stuupy prisms or
as granular agg.egates, having an average srain size of
0.8 mm,, with interstitial quartz. It occadonally
contains streaks of iron ore aligned paisllel to a
cleavage direction and in some cases it is penetrated

by tlakesof piotrtes
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The accessory minerals include actinolive,

biotite and quartz.
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The Amphibolites and uarnet-pyriclasites

The term "amphibolite" is used to descrivpe n1gh-—
grade metamorphic rocks with widely differing proportions
ol nosmorende and plagioclase, Cannon (1963) suggests
that amphibolite should be defined as "a rock containing
hornblende as the dominant masic mineral normally
exceeding 5un of the total mineral content®, and this
definition is used in the present work. The total
marsC minesal content must always exceed 503, Cannon
also suggests that wne moaal percentages of quartz and
plagioclase should not ditzer rirom one another by more
than 104, but in .ost of the amphibolites in the Laxford
area quartz is subordinate to plagioclase and dirters
Jrom it by more than 10% as is the case in other parts
ot the worla (fo. example, see Evans & Leeke, 1960;
Engel & Engel, 1YwPsy..

"pyriclasite" is used by bBerthelsen (1960,p.20)
to aescr.ive rocks compesed of clino-and ortho-pyroxene

and plag.oclase aua is considered to be the granulite
facies equivaleut of awphibolite, "Cline~pyriclasitet

is used when clino-pyruxene predominates and ortho-

pvroxene is almosi excluued (Berthelsen, 1960, p.21)s

(a) The A=pniovlites
Anphibolites in the Laxford area occur as concordant

layers or bands in the gneisses and have a variauly weveloped

- 8] -



troliation which is parallet witu the <oliation of the
gneisses. the only major exceptions occur in the
extreme south-west or the area and north o. .axtord Bay
where amphibolites can pe seen cutting across the
toliation oL the gneisses, +rom a point 50 metres

east of the northern end of Loch na Jlaise Fearna an
amphibolite can be traced to the south-east cutting
across the toliation o+ vhe gneisses at an angle ot a
tew degrees; at the soutu-western edge ot the area it
swings into a oouth-oouth-easterly direction cutting
across the toir.ation of the gneisses at an angle of

350. +he occona exarple, which has been described by
Watson (1951) can pe seen 100 metres north-east ox
Bedcall Quay, where a clit. trace proviaes & sectiou in
which two amphibolites are clearly ooserved to cut

acruss the toliation of the gneisses (see {ige9 in Sutton
& Watson, 1951). On the cLitf-iop tnese wsame amphiboiites
can be seen tonguing iuto tne gucisses, When they are
traced eas.wards the ampuibolites become concordent with
the 1oliatiou ut the gneisses within a very short disiance.
uther small discordances, in which amphiboiite eithexr
cuts the roliation of the gneisses or occurs as Longues
inrolded with the gneisses, can ve o-eeu at several
jocalities, tor example alouyg the margin of the thick

amphibolite east ou Weaver's Bay.
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The a-phipulite layers vary in thickness fron a
Lew millimetrecs to around 15 ietres. In the tield ihe
aphibolites that are less tuan 15 cm. trick have not
peer mavved as individual un.ts, out as either part or
the striped gneisses, wunen tne telsic layer contains
..ore than 1u% quartz, or paru. or .he ~vriped amphibolites,
when vhe telsic laye coutains less than 10% quartz. All
the anphivolites occur as len.icular bodics ana can
rarely pe traced along the sTtrike 10T more than 10C metres,
altnough 2n arnmhipoiite, wrich Crops out immediately
north-east ot the ltudua nuaah sheet, can oe traced «.un
north-west to soutu-—east for a distance ot 1 km. or
o.e as a gesies of lenses that on occasions occur en
echeion.

The anpinibolites are meaium grained,dark coloured
,ocks and usually ha.e a specklea, granula. appearance,
the vecthered su-.ace having a very congicuous coat.ng
or greyiuh-wuste lichen. The pooriy to werl-develcped
1ol.x=tion, which is emphasised in some cases oy teisic
and nornblendic streaks is present in all put a fTew of
vhe wOre massive amphibolites. The .elsic and norublendic
gtreaks arso emphasise the small -cale ~olding that is
present 1u many or the amphibolites. The +0lc axes
strike wI1-5E and t.c toids plunge to the soutn-east at
argles vauring Tron 1°%o 309 .n some cases, tne toliation
ig Jursed through.900, becoming vertvical in attitude, and

ther svainsc back toitsoriginal NW-SE trend.
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there is little variation in the essential

‘iineral content ot the amphiboliics. Hormblende, which
varice crom 50% to 85% by volume, and plagioclase, which
varies trom 204 to 404, are the dominant mineral
constituents, Small amounts or a dull green pyroxene
and quartz may be present and yellowish-green epidote,
resinous white or grey scapolite and deep-red garnet,
wnich is usually raimmed by plagioclase, are locally
abundant, None ot the mineral constituents shows a
prererential geographical distribution (contrast Vatson
(op.cit) who states that pyroxene is absent rrom amphibolites
that crop out south-west or a w\W/-3E line drawn through
Loch Laxford), llagnetite is locally quite abundant;
1or exarnple, an auphibolite occurring 500 metres north-
east or Garbh Eilean contains riore than 5% of magnetite,

small amounts or potash teldspar are present in a few
amphibolites; its presence can only be detected in a
hand specimen - by staining and may not be detected
in a thin section or the sare specimeng Biotite, which
is present in small amounts in some amphibolites, is
the dominant matic mineral in several amphibolites that
crop out to the south-west of the Loch na Seilge granitic
sheet, These rocks which weather to a brown colour and
in which the biotite shows numerous small crenulations,
are not amphibolites by detrinition, but since they appear

to represent a retrosressive alteration of amphibolites
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ther are clrogssitica with the amphibolites and ftermed
birotite-amphibolites,

The a paibolites usually appear homnogeneous vhen
vieved tronn &6 distarce, hut closer exanination reveals
nunerous strcaks, orfen only 2 i, or so in length, ot
ornblen’e and nlarioclase, or, on rore occasions, quartz.
9-aill clots or nlarioclacse, usvally viath a core of epidote
~ranules occur in some a.phibolites, altlhiourh not in
those to the souvth-west ot the Loch na 3eil~e sheet,

The clots vary in size, rcaching a waximum of 3 cm, and
211l but the s allest 2re lens-shaped (augen). The aucen,
which a necar to increase in size to the ncrth-east, may
be contincd to certain luyers within an anphibolite or be
1airly evenly distributed taroughout. A tew amphibolites
nave strcaky patches, zinely speckled in appearance, and
composed of hornblende and plagiocla:e, that may represent
patches that have either resisted se regation or have
recrystallised during shearing (P ate 23).

A rTew arphibolites, varticularly those associated
vrith the Snoc nan Cro ~neisses (vlagioclasites) are
assive and wmeoliateca. In these, hornblende occurs as
gt mpy interlocking srains which reach a size of 4 rm.,

a dull-sreen nyroxrene @y be »nresent, and plagioclase

and/or seanolite occur,

Striped amphibolitces (Llate 24) composed es.uentially
or amphiboli.e and plavioclasite, are present at several

localities,
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PLAYE 23
Amphibolite with irresular speckled patches

and strecks ot hornblcende and plagioclase
[

emphasised by staining.

PLATE 24

Striped amphivolite,
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.08t 0L the a:ohibolites exhiibit a Jranoblastic

texture, althouh some or the rore massive vareeties tend

to te crrstalloblactic, he avernge ~rain-size of an
a palpclite «g novout 1 m., with the exceptions ot the

a mhibolites that oczur to the _outh-west or the Loch na
“eilre sheet, ir wiich the ~“rain-size is about 0.8 rur,,
arnd the ..h.suve unfoliated amphiholites whose ~rain size
varies Tro. 1.5 . tu 3 it

‘ornblernde and vlacioclace are the dominant mineral
constituents auc .yroxene, epidete, biotite, carnet,
scanolite, spohene, anatite, .icrociine, quartz and iron ore
occur in varyin; amounis, rable14 shows the vaiiavion
in the nroportions of the :iineral zonstituents of the
aiziiLbolives,

pornblende  typically o:curs as short stw:py grains

vhich vary irn size tron U,05 =i, to 3 IMe y, @ maximum size
that 1s oniy seen in the more rmassive amphibolites; in
rost ampiivolites .ain-sizes from 0.5 m ., to 1.5 "I,
predominate, Usually some of the .ains are idioblastic,
particularly in the more maessive amphiborites. The

rinera! exnibits two Jdeochroic schemes as Lulluviss -

X X Z
1. straw rellow (live ureen varx Green
5. Yellowisn ..een c.een bluish ~reen,

The dark sreen variety is the niore com oun,
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@1l rourded ~rains of quartz and small {lakes oz
vautite are occasionallr enclosed by nornblende, but more
vrten nornnlencde 1s cut or nencetrated by lons narrow
Llakes oL wviotite, Ir some o phibolites hornblende is
closely aczcoucrated with enicdote and vhen these inerals
nre 1n contacu vhe pleochroic colours of hornvlende may
he: -

“ Y Z
Jolousless rellowish Grecen Fale ureen
This "bleacning" does not occur in more than a tew cases.
Hornolen e is wsually rresh, but it may be altered to
chlorite,

Plazioclase varies in co.position fromoliguclase

(Angs) to labradorite (An53), the nore calcic var.eties
veing tound in the a phibslites which occur to the soutia-
vest of the Loch na veilze —ranitic csheet; tuere is an
abrupt transition between the latter ana the oirrgoclase-
andesine varieties north-east o. ine zianitic sheet,
rlaziocla e may be fresh, pa.tly ~ttered or hishly altered,
the alteration psoducts oein- elthecr dusty unidentitiable
materral or sci.cite. The vlazioclase rains, which
vary i1i oxz€ i1.0m (o3 mme to 1.2 1m,, uay be twinned or
un.winneéd; th: latter tends to oredominate, 'specially
.n the less calcic plagioclase, Clowdy, :aghly altered
plagiociase fomrus the outer rim or he augen that ore

present in iany a »hiboliics anu, togetner with evnadote,

for s the core of the auen,



Iyroiene ic present in omphibolites from various
nartc ot the zrea trom the cxtreme south-west to near
the ncrth-ec.t opouncar-. 1t 1o pale ;reen in colour
and clishtly deochroic, with o 2V vhich varies {rom 59°
to 617 and an .xtinction zngle (Zho) vvhich varies from
460 to 507, Theoe optical nroperties, which are
gimilar in 211 o.:i hib lite:, indicate that the . yroxene
i ~auite. The su-ite sccurs oo s.aller grains than
hornblende, varyinc in size from C.1 .. to v.6 Lo
1t oncloses umell ~raoins ot hormblende, occasionally
oc-urring as lorse poikiloblastic plates, but is rarely
itselt enclo..ed by hornbl nde. In some ausite grains
orient~ted remnrnts or hornblende are present, surgesting
that augite r:.laces hornblende. In one thin zection
these minerals occur a5 alternating lamellae that are
alisned parallel to the b-rxis, each set ~f lamellae
peing in optical continuity. These inter;rowths, the
rrain in vhich they occur renching A size o 3 m:.,
ap ear to reoresent replocement oz hornblende by au~rite
rather than ausite by hornblende, since small separate
srains ot hormblende occur in the ausite part of the
intersrowth, There is no indication that any ot the
pyroxene is 1 15neous vderivation,

Biotite is u.ually an accessory mincral and is
absent in many cases. In some amyhibolites, however,

it redominates over haernblende, The tlakes vary in



~ize Lrom Uel3 1. to 3 llde t'wo varieties ot bicvite
nre nrevent, exhibiting pleochoisn 2s Tullowg:—
L Lellow to dack green.

20 i h Doown o vesy uwlrll Lrovn.

_orr ot tue flakes nave tnin opague strei&ks o. what appears
. pp

vo Le haeratite. The tlakes, wiich are occasionally
alte.ed to cilcribe, i€ CLClLUrCw I WLy CLiChe £ on

tne relationships with hornoienue Hrevivcusly descrived
sdetite io cl.cid, Jaser than hornblende and, in twn, 1S
cut by enidotc.

Loilote is absewt fiom cost ampnibolitcs and,

vhew presenc, appears to be one or the iast formed minerals.
L occurs . .. aler cr iddoblastic, rhomboidal and
prismatic crains vhicu v2.ry in size tror L.l mme to 0,8 mm.
1t also occurs as uumerous swall giaine Or sroenules,
varving in size trom .03 . to O.b ., in the augen
Srevicusly ceotoalec (Pe 87 )e These gra.ns or granules,
waicin are scnvtorcd t.rougihout each ausgen, sometimes have
e core with a higher birerringercec than the rim, 1The
di.zerence in birefringence sustests that there is a
jecrease in the Terric iron content trom the core outwards,
ot or the epidote throushout the nrea is colourless or
taintly -reen, but occasonally a pale yellow pleochroic
variety is prccent.

Garnet, althoush locally abuméant, is sparsely
developed. the grains, the larger or which are usually
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shattered, vary in sice frou U,07 ime to 1 Ciiey and have

o tendency to roundness, Usually —nrnet is comnletely
gseparated Tr . vie othcr ~afic -inerals by a rim of
altered, cloudy vlagioclase, aJthough inclusions are

senerallr Tew 1 number, cyroxeng,hornblence arnd slasgioclase
have been noted an¢ :1oins ot minute unidentitiable grains
are seen in £.o..e ot the larser zrains.

scanolite occurs in a nhibolites Trom the northern

slopes or unoc nan Cro, at the roadside near Duchess®rool,
and 5.0 ~etres south or .eavar's 3ay. In one specimen
90% of the telsic :inzrals consist of scapolite, Grains
are usually larze (a cize of 1 i, Or more 1S com.on)

and tresh, but sometimes they are .:igily altered, muscovite
bein: the most comon alteration nroduct. A few metres
gouth of Laxford =sridge scapalite occurs in a vein which
cuts an arpiaibolite composed or hormblende and highly
scricitirzed plasgioclase, in this vein it is associated
with a ineral whose optical nroperties suszest nrehnite,

Ot the accessory minerals, sphene and iron ore are

always present except in certain ot the scapolite-bearing
amp.ribolites, The iron ores include magnetite, which
p-edominates, pyrite, which may be rimmed by magnetite,
haematite, or both, and haematite, Sphene torms small
oval granules, otten less than 1 mm,, that occur as
isolated grains, in clusters, or in trains that are

aligned rouzhly darallel to the roliation. Sometimes
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larger grains occur, but they never exhibit the typical
wedze cha~e or gvhene, Apatite usually occurs as
rounded or sub-rounded grains that range up to 0.5 mm.
in size, tut occasi:nally as abundant minute idioblastic
zra.ng, either orismatic or hexa onal, Quartz occurs
as small interstitial srains, no larcer than 0,5 m,

Jicrocline also occurs as small srarse interstitial rains.

L e

(b) The Garnet-pyriclasites

In the Iaxford area, pyriclasites always contain
considerable a.ounts ox garnet and are, thererore, termed
carnet-pyriclasites, Jsually clinopyroxene predominates,
but for the sale or coneision, the prerix "clino" is
omitted 1ros the rock-name (contrast Berthelsen, op.cit.)

Gaernet-pyriclasites occur at several localities,
either tlanked or completely enclosed by amnphibolite,
as, LOr example, 500 metres south-east or Loch Bad ant-
Seabhaig. The largest garnet-pyriclasite mass iseasures
3 metres by o metres and, like the other bodies, is
lenticular in shape, The bodies are iizrssive and devoid
of any planar structure; they consist or deep-red
tractured garnet, which may reach a size of 2 cm., and
pyroxene with varying amounts o1 plag.oclase which ot'ten

forts rims round garnet,
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.icroscopic pelrosrapy of the jarmet-py..clasi.es.

Jarnet, >yroxene and plazioclase occur in vary.ud
proportions and have an irrezuvlar distribution. in
ost thin-sectione the vexture .. partLy crystalloblastic
part y zranoblastic and there is a sradation from fine-
sraluca »uto coarse-srained parts.

Jarnet which forms porphyroblasts 2@ v 2cm 1a size,
occurs in clusters, each garnet having a riuw ofserizitized
plag.oclace, It oitvexr has numerous inclusions of diopside
and plazioclase, particuracty the latter, The smaller
~arnets are cub-rounded, but the larger ones are
crrecularly shaped and extensively Tractured.

Diopside, whicu «O0rm. approxamately 45,5 of the rock,
oceurs a: tairly larze zrains that reach a s.ze of 1.5 mm.
1t way contain thin lanertae of hyperstihene, aligneu
paraitlel to (100) and it is sometimes fringed by uralitic
gr.phibole,

.ypersuvhene, vhich tormus petween 5% and 15% of

the roci, uoually ocuurs as aggresates or small grains
that are normally les. than 0.5 wm. 1n size. It is
slichtly pleochroic as rollows:-

X Y Z
Oranze—-o.own volourless Very pale green

It may be partly or coumpleltely altereu o uralitis

a sphibole or vnale yellowish green chlorive,
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Lflapgioclase, occurring as gra.tns usually less than

veb mi. in si e, 13 labradorite and ranges in composition

<40 Ang, t0 An64. Grains are isesh and usually twinneu
-

on tvhe albite, carlsbad-albite or vericline law,

Acc uosory rinerals are pale-green serpeutine,

usually found in veins, olive to deep-green sviuel ang

~>:all anounts of iron ore, either ilmenite or pyritve.

Six a pniuvol.ves have been analysed and their chemical
corposcuion in weimii norcentases are listed in Table 14
together witn ¢ ace-element content, norms, modes and wiggli
numbers.

The a.puivolives may be classitied on the basis ot
tneir normative niueral assenmblages. Accordng to the
scieme ot .oder . Tilley (1962) three are quartz-tholeiites,
viie an viivine tholeiite and two alkali-basalts, -

Evans & Leake (1960) use Niggli numbers to estabiush
trends in the striped a p:ibolitesos vonnemara, Lreiand,

In the present research fm, al, ¢, aix and mg are plotted
against si ard, in all cases czcept mg asaiust si, the
analysea arphibolites .all within v.e sarroo dolerite
rield(fig. 11 ) Resulc. are ».mila. wheun al-alk a ainst
¢ is plotted (fig.12 ). the teend of plots of the
analyscd amphibolites on a 1C0 ug , ¢ aud aL-alk triangular

diageram (£iz.13 ) appr x.mates close.y to he trend

- 93 -



“uzsesved by wueake (1963) ror ditiereatiation ot basic
isneous rocks,

The cueascar compusitions and ca.anorms of L12 and
B412 a.e imuiar to those of the etagabbros or the
cuter Hevrides (Table 14 ) while 150, L77 and B355 are
s.milar tou e Scourre dyxzes ot the maintand (Table14 ).
Coapas.sm of the trace-e:_ement content between L5V and
vue "type'" Scourie dyke \Table 14 ) strengtnens tne
sinclar.ty ouserved in the major eLe.ents, but no such
s. ilarity ex._.ts between L12 ana B4lZ and the
me.agapbros of tne Quter nebrides 1. trace—elemeunt
amounuvs (rable 14 ).

Trace-elesent amounts can be used to disiinguisih
the thoieiitic from the remaining types o. amphiboritec
(eaule 14 )e Thus, na, vu, Sc a:d V are Lower and or
and Ni hisuer by signiricant proportions in 50 thau
in ,12, 115 and B412. Cu ana v increase ana Cu a. i
wec.eace systematically as g decreases this trend veing
r.om allzaii-basaltic, tuasough olivine-tholeiitic, to

o ersaturateu tholeiitic typece
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The rlazioclasites

The "oru "pra-ioclasite" is useu oy perthelsen
(1960) to cr.ne “basic" rocks that are very ricu .n
niagivclace, Iin vhe Lex-urd area the siiica conuent
o1 certain .lazioclasites lies outside the accepted
ranse «or basic igueous rocks (Tusmesr & Verhoogen, 1951)
but since sree qua.tz 1s cparse or aboent these rocks can
he desurived as basic on tne ha.ls o« he.r nminesalogy.

Por the sake oi convenience a.l plagioclasites
in the rea xre uescrived nere although, as discussed
later, some of these are probaoly 00T igneou. i Orio LD

-lagicclacites occur individually, o interbanded
anu iutesstriped with empu borlieSe as with the
amphibolr.ec (see p.83 ) au atbicvrasy value of 15 cr.
vme CLOSe. as w.e thickness apove which the niagiovclasites
werc wappeu ag individual wancs aul below "rnich tiey
erc rapped as an invegsal part of wue striped ;neisses,
the otr.ped a.phi.oli.es, Or tue s.riped plagzioclasites.
raziocia..ies are extensively ceveloped on the noithers
(iopes cu Jicc 1on Cre (see below ) where & total
trioxneos ot 30 etes 1s mirel) e..cchGeds

.laziocla_ives orade into ampnivolites by an
jpcreace 1o10orn lenu., w.icn is vhe o5t cu.non mafic
mineral. then the -odal hornblence content lies
petwien 15% ana 5u’% the term hornblende-=plagioclacite

p 5o plarsociasuics, sentu lato, the nodic

ig us.d.

=
—
-

(]
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rincrals are either disviihutco oo _cneovalry tnooughout
a Speclumen or occur as .ezrezgatea clots aud streaks,
The other matric muuerals are piotite and epiavte, both
or vhich usually occur .n small amoun.s, and in one case
garnet which, togethcr with biotite, forms 40% by volume
of a biotite-zarnet-. ~iclasite that crops out in the
c» o a tew netres west of Laxford 2ridge.

Ao the term implies, plocicclase is the dominant

ivcrel, forming as much as 95% by volime ot the

plazioclacite, cvnrtz and potash feldspar may be rls
present, but usually occur 7  3mell amounts,

5¢0 metras south ot Jeaver's Bay an apparent
sradation from amphibolite into plagioclasite can be
seen. .ijecent to the a phibolite the hornblende-
plagioclasite contains approximately 355 hornolende and
65 plazioclase and over a2 distance ot 60 cm. the
hornblenie content decreases gradually to less than 15% ,
plagioclase increasiny antivathetically.

A rude foliction can be seen in the plagioclasites
when the mafic minerals are prcsent in sufticient amounts.

1t is parallel to the Toliation ot the adjacent rocks,

Small relict told closures are occasionally preserved.,

These gneisses, extending continuously across the

area in a belt that reaches a maximum thickness of 30

metres on the northern slopes o1 Cnoc nan Cro, are easily
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recoznised by their white or ~rey weathering which
superticially rccembles the weathering of carbonate
rocks, They are composed of plagioclasites and stripea
plagioclasites (Plate 25) and are interbanded with
arphibolites, When tresh the leucocratic stripes and
layers are grey-green to sea-zreen in colour and the
maric stripes are dark-zreen or black. Diftrerential
erosion emphasises the striping (Plate 26). The gneisses
tend to break up into slabs, the parting occurring either
along a nicaceous layer or at the junction of felsic and
matic larvers,

The gneisses have a well developed toliation that
is parallel to that ot the adjacent ‘eaver's Bay and
ILaxford Bay gneisses, Small tolds, often isoclinal,
are common and usually »lunge to the south-east at angles
ot up to 300.

Similar gneisses are present outside the 30 metres
thick belt, but only rairly close to the belt, where they
are either interlayered with the other gneisses or occur
as relics in the Cnoc nan Cro microgranites,

Plagioclase and scapolite are virtually the only
telsic minerals present in the gneisses gince neither
potash teldspar nor quartz has been recorded, Scapolite
is recognised by its grey or very pale colour and its

slightly transparent, vitreous or resinous appearance,

The yellow coloured scipolite mentioned by watson (1949)
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mineralogical variations in a striped nlazioclasite

from the unoc nan Cro gneisses. ..atural size.

FLALW 26

otripinzg in the Cnoc nan Cro gneisses. a fold

closure can bheg seen.






gseems to be relatively sparsely developed, A large
a.ount ox the telsic material occurs as relatively sort,
opaque svots that are apparently high'y altered,

The matic ninerals include epidote, which varies
in colour 1rom sreen to yellowish sranse, hormblende
and biotite, each ot wiich may o.cur in large amcunts,
All ~radations tTro.. plazioclasite layers composed
entirely or reigsic minerals to layers composed entirely

of matic minerals can be seen, Muscovite is prominent

icroscopic petrography

white the Crnoc nan Cro gneisses form a distinctive
~roup in the field, they exhibat rmineral relationships
in thin-section similar to those or the other plagiociasites,
although the highly altered nature of many of the gneisses
tends 10 obscuce their texiure, A crystalloblastic
texture is usual, although a few plagioclasites have a
;ranoblastic texture, The variation ir minesal
constituents can be seen from the table ot modal analyses
(Table 16 Jo Plagioclase, scapolite, hormblende, biotite
garnet and epidote may occur .. large amounts, while
muscovite, clinozoisite, calcite, chlorite, sphene, apatite,
allanite, vremolite, quartz, microcline ana iron ore

form the accessory minerals.
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~lazivctase, the dominant mineral in these rocks,

varies in csraiu-size firom O,1 mm, to 2 mu., corains of

1 m, to 1,5 .21, predominating. +he composition ranges
{from An25 to An38 (oligoclace-andesine), tenaing to be

a little more calcic than in the adjacent gneisses, -n
contragt to the plarioclase of the zneisses the irajor.ity

of the grains are twinned either on the al»i‘e or vericline
Lavi ano :he twin lamellae are few in number, quite thick,
and .a.ser irregularly spaced in any grain, The broad
lamerirae are constant in thickness alons their length

in conv.2st with cthe narrow tapering closely spaced twin
la~ellae thal are also present and indicate secondary glide
twoenning (Vance, 1961). On the rare occasions when
ptag.oclase is in contact with icrocline, it may have

a clear albitic rim, rresh plagioclase is very common,
but many grains have sufterea some dusty or sericitic
alteration which, in some casesg, affects complete grains,

.n the early stages of sericitization smal: fiakes of
white mica, usually with a common alignmeut withiu a

plagioclase grain, occur as individuals or .n clusters,
The amount of ser.cite may increasc uutii tne original
grain has been entirely repiaced by tvhat mineral.
gubsequent recrystallization of the sericite resuits in
the formation oxr muscouvite. Small patches or sericite

sive rise wu small {iakes of muscovite and in the final
pog
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suage muscovate hag more or less replaced the oryiginal
~rgain, tue original outline still being preservea,
AﬁOIuCr type of alteration is a saussuritization in
which placioclase nas been replacea to a variable extent
by sericite, criuozoisite and small amounts ot calcite.
There i1s no eviuence that plagioclase has veen replaceu
py Scapolite, even when the two minerals are in contact,
Scapolite, usually forms yiains ot C.,5 mm to
1.5 mn in size, most or the tresh gra.ns having smooth
pargins, Lt is oirten partly altered to sericite and
sometimes co pletely to ruscovite whicn way ope accompanied
by a colourlese. umunesal with first order intereserence
colours. Scapolite occasionally contains small g.ains
o1 hornbleude.

Hornblende, tozether with the other .eriomagnesian

minerals, occurs as dots, pa.ches and streaks, Both
pilue-green and dars z.een varieties uccur, It occurs
as short, stumpy gsaius wuich vary in size trom Q.1 mm,
to U.8 mm, and as large poikiioblagstic plaives that reacn
a si7e oL 5 .. anu enclose plagioclase, biocite and
epiuvte, Rarely small rounded grains or qua.tz are
enclosed by the stumpy grains ot hornblende, which ase
cut a2ud senevrated by rhomboidal or priomatic epiuote

ana yrlakes ot biotite. Hornolende is occasionally

a,te.ed Lo scapoiite.
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Bpidote occuus ac eltner wdicola.tic jrains that
are nrasmatic and rho.poianl 1i.. siape or isrcsularly shapea
srains that may worm a gy.plectitic inters.oowth with
quartze It varies .n zinin-sice trow veUS5 ... to 0,8 mm.,
and 1s usually colouwrless Ox nale . reemn 1u COLOUT. in
the Cnoc nan Cro _iteisses it 1s often tiie ouly as1c
~ineral present irn the leucocratic layers and is commonly
found . the more maric layers. Biretrinsence and
pleoch.oium voir .ro.. ue specimen to another and often
witnin vi.e so.clien, .4 ugtrongly pleochroic yellow
epidote Ls common 1n £OLie 13yers., 301 ViLLlCiies
exhibit anomalous blue first order colours, suggesting
a tairly low iron content (. eer et.al., 1962 (a)); uost,
however, have ::iddle 2 :1d order interference colours typical
or epidote with ..oderate amounts oif iron. iorely, one
zrain may be composcd of both pleochroic yellow epidote
and non=pleochroic colourless epidote, the one grading
into the other.

Biotite occurs in three varieties with the tollowing

ﬁeochroic schemes: -

1. Light brown to brown.
2 Lizht ~reenish brown to dark greenish brown,
3. uvisht reddish brown to dark reddish brown,

The mineral, although it is usually dispersed throughout
a specimen, may either be concentrated in certain layers
or occur as clusters ot haphazardly orientated tlakes.
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It comonly” occurs as long thin tlakes which vary trrom
Ued e to 145 1e in size, It is occasionally altered
to chlorite or uscovite and may be cut by enidote,

The flakes are sonetimes flexured and in one case tornm

an isoclinal fold,

The accessory minerals include sphene, anatite,muscovite

iron ores, ~arnet, augite, quartz, chlorite, tremolite,
calcite, allanite, and microcline, the last ei~sht ninerals
being absent from many plasioclasites, Iron ore comprises
macnetite and pyrite, Sphene is invoriably present, occurring
ac snall isolated zranules or in clusters, usually associated
with the matic :ainerals, Apatite occurs as small sub-
rounded grains and tre -olite and chlorite as accessories

only in the biotite-garnet-plagioclasite, Chlorite

t'lakes are pale-green in colour and pleochroic and range

un to 2 mm, in size, being 1ound as layers within biotite
t'lakes; 1its 7eneral mode ot occurrence suggests that
chlorite is secondary atter biotite. Garnet, scen in

only one plasioclasite, occurs as sub-rounded, oval or
irregularly shaped grains varving from U.3 mm., to 2 mm,

in sizee. The larger grains contain inclusions ot

plagioclase, green chlorite and biotite and all grains
have irregular cracks, Pale-zgreen augaite is present

in a Iew speclmense

- 102 -



'

I e ]'?t -4 R e .}o .
[ W IR IR < e [N
& eyt P . ..
; ) ¢ .
b
* 1
¢ L e ey oy — -
t — , [ SO S N U
/ oy et T . e ey e
4+
i

S Blath i mnan ol o N

T

T e ST
F S R U MU S

© e e e e

K ARDEN
IBERE i
i e e e .
. lf’tii'f'ii'i g T e [
”._. —— s ; .y e . PR ¢ e e “ Cr.
b o WY c NI S
U T g
4F¢’I';' BB :
prhe LN S
Ly e A%.,L‘ : \\« cme ey
RE ST T RN 5
\:...V.VV- Koo o e e e s *
e V o= Ve N
SEREEE ERERE el TR
SE1 FRSEEEEN Ites g o
o L ;
DT g L = X :

B R I e e

5

. i Q—T—

e Koty

— P e e e e gy . Y- .
PSR {‘T_T‘ ,,‘ ; . l'.T I S S S B T I B R
PN e et e e e . q..A,A
T == . T '1
JS 00 Wy RV N ._;..‘r_,bf‘.'_»..f. vp g em e - e
N EE e f A e .
: . ! : i
' H“Y_"' o e R . PR i - B
e R ke [P PSR s
,,4«‘,.“. . . e - o e e . - . .
1 | :
- + ey = b . SN . . .. B . e
SRS RSN LR R o
ROV L Loemded ST o ompe fol e e e ey s
L ! -1, :
AY 1 17 . % :
Py =+ e- ‘_*"l'*“, 4o e P R + e . N BT
E . D e G e e e - . . P
- wev e e coea e eime s me 4 - - e e - FE e
e e e s fogie e e .- . . <. NN
\ . Ry -
e L IR P [ .
x i e e . .
pu— e e e e e . .. e e

e

11 1nanen ol ARESn S ANl tR U N
T T

. i i I v oy ..
T e /f

—-

B

4

[t 1 2l
i

PR

!
At L_+ -

—— .

e

1

RIS SN
+ “ ’

SRR BN ST

RN

Tt Na'
/~

s et

PR —

P

[ S S G

SUNUUPE

L

j,.f,_;--l.,,-,. j
e e e

R
———— .
! i
T

ey o

P

-

——————e e s e

/

SLHHHH HLHL L (L

it FHTHS SN
\"”'T’r—o— T L m—
~——p

T — 3¢

’
B4S

£
N

(b

°(i?L1 cand a nle doclocite (Y L,

B4I3

) trace clerent compoerpicson Lee oo«

n




The _cocliemictry or the iln-i clasites

Mwve mla sioclrriter hinve been nnalwoed (Table 16 .
haree (3.47, L.°31 ~nd 1) » . emde in come respects on
anorthosite trom South Hrorric (Uabl: 16 and two resemble
~anorthosite vrom southern lLor =y (T=ble 16), A1l
nlaziocla ites coniain more #e0 ond 1170 than is pre -ent
in 2 sure onorthosite (c¢f., cnorthosite from South iarris -
mahle 16). The hi:h v-luez ot potnch in L.231 and i1
can be correlated with the lar-e cuounts -t nuccovite
in these .pecim.nge

n the trian-ular dinsram of Li~ngli numbers 10U nmg.
¢ and (al-alik), the ~lot of th: analyces lie close to
one another (rig.13®) but fall far rrom the trend line
ot the .Fro- dolerites (L ake, 1964),

One am;hibolite (3412) abuts agcinst one of the
plagi clasit.s (B413) and cation percentazes of each have
been plotted (fig.142). TProm B412 to B413 Si, Al and Na
increca.e and Ca and Fe2 . ecreace by similar proportions;

3

Iz decreasec markedly vhile K and Fe” show little variation,

Plots ot trace element contents (fis.14b) of B412
and 3413 indicate that only Ba shows a éarked increase
in the ~lagiocla ite, while Ii and Sr increave slightly,
tpart rrom Ga which remains constant, the remainin: elements
decrea. e, particularly Cr, li and V (fiz.14b). The high
Ba and Rb values of B47 (647 ppm and 324 ppm respectively)
and L231 (795 ppm and 32C ppm resn:ctively) are worthy oz
note and can be related to the high potash content »t

+he~ep lacrinclasite (."ab]_\l 16}0



clasbtes.
n percentage, Niggli numbers,

Somnlete data on bhno nlapgl
Ovemical conposition, C
mesonorm, mode, trace element values, and catanorm are
listed in order on the following pages.

:Plagioclasites from the Laxford area
:Anorthosite, South Harris (Dearnley,1963)
. Anorthosite, southern Worway (Barth,19326)

Analyses 1-5,

Analysis ©
Analysis 7
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The .etadiorites,

A series of homogeneous metadiorites containing
accessory quartz crop out to the north-east of the
Rudha ruadh sheet, being particularly well developed on
the headland round from eaver's Bay where they occur
as concordant bands several metres thick, They can be
distinguished trom the gneisses, in which they occur, by
(1) the absence of striping (2) a sugary sranular texture
rather similar to that of the a vhibolites and (3) a
speckled appearance,

The toliation of the metadiorites is para'lel to
that of the adjacent gneisscs, but is poorly developed
because ot the homogeneous nature of the rocks, Occasional
mafic and telsic streaks and concordant stripes of
quartzo-feldspathic material emphasise the foliation
(Plate 27).

The :etadiorites contain 50% to 60% plagioclase,
30% to 40% mafic minerals and less than 10% quartz.
Hornblence, which usually predominates, biotite and epidote
occur together in most specimens, Potash feldspar is

sparse or absent, Concordant stripes, varying in

thickness from 2 mm, to L cm. and composed of quartz and
plagioclase with occasional potash feldspar and biotite
are an essential feature or the group.

lietadiorites are sometimes cut or enclosed by

microgranite.
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PLATE 27

A homogeneous specicled metadirite with
a concordant stripe of quartzo-feldspathic
matcrial.
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cicrosgopic pelrogrpahy

The metadiorites are medium-grained and granoblastic,
composed of plagioclase, quartz, microcline, hormblende,
biotite and epidote with minor amounts of apatite, sphene,
allanite and iron ore, They are mineralogically very
similar to the tonalites ot zone .V on South Harris
(Jearnley, 1963, 0.268). (Téble 17).

Quartz, present in aunounts that do not exceed 107,
is usually zranoblastic to interstitial in habit, rarely
exceeding 0.5 um, in size, A few rounded grains occur
vithin plagioclase, Quartz invariably exhibits undulose
extinction,

Plagioclase, varving in size trom 0,4 mm, to 2 mm.

ig oligoclase (An27 - AnBO) in composition, The grains
are predominantly untwinred and have sufrered a variable
desree or alteration. In one thin-section several .

cracks and cleavage vplanes are 1.llea with minute muscovite
flakes &nd occasionally biotite.

..icrocline occasionally occurs as interstitial grains.

Hornblende, which occurs in every specimen, forms

crains that average 0.8 mm, in size, having the following
pleochroic scheme:-
X Y Z

Light yellow-brown treen Darkish green with blhsésh

tinge .
It is occasgionally very pele in colour wheun associated
with epidote and biotite, both of which are commonly

geen to cut across hornblende,



Epicote, a com on constituent, occurs as
rhomboidal or irre-sularly shaped grains, varying in
gizec (rom U.,1 mm, to 1,1 mm, 1t orten forms sy:iplectitic
interzrovths with quartz and cuts across hiotite rlakes.
Biotite occurs as two varieties with the tollowing

pleochroic schemes: -

X Y, 2
1. Straw Dark Brown
2e Pale reddish brown vark reddish brown.

lany of the flakes are aligned in one direction, but

when biotite occurs in association with hormblende and
epidote the three minerals exhibit a haphazard arrangement,
in some cases biotite occurs as very narrow flakes in
crac..s in plagioclases,

The accessory minerals include apatite, allanite,

sphene and opaque ores, Apatite is particularly
prominent, o:curring as oval or rounded grains that

reach a size of 1 mm, Allanite is rare and may be
rringed by epidote, Sphene, also very common, occurs

as small oval grains that reach a size of 0,5 mm, Opaque

ores are rather uncommon,

The chemical composition ot the metadiorites is
closely similar to that or the tonalites o1 South .arris
(Table 17 ), particularly when soda and potash are added
together, Soda is higher and potash lower in the Laxtord
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metadiorites than in the South Harris tonalites (Table 17).
"iis girilarity 1s accentuated by the close agreement between
the trace element content or each (Table 17 ).

The chemical analyses, when plotted on the Fe2+Fe3,
Na+K and g triangular diagram, zall close to the linear
trend linqor the gneisses (tig. 15J). Similarly, plots
or Nat against K* fall within the tield of the gneisses,
the ratio Na:K being greater than T:1. The tie-line
between tiie two plots suggests that as Ha decreases K

increases. The South Harris tonalite aitso falls close

to this line (tig.15b ).
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8102

A1205

FegO5
FeO
MgO
Cal
Na20
K2O
T102
P2O5
MnO

HZO

H2

+

C

Ti4+
pot

Mnet

1 - 5 1 2 5

~

169 1141 M1 Io% L1l M1
59.07 57.50 56,13 Ba 555 - 5C0
17.70 15.68 17.17 Co L2 - Ve

2.19 3.95 2.97 Or 29 - <20

3,74 4,65 4,98 Cu 4.9 - -

3,05 3,16 3,95 F 1100 - -

6.0 7.26 6.35 Ga 15.8 - 4

5.12 5.86 3.74 Ii 30 - & 50

1.07 0.38 2.41 i 11.8 - 2

0.60 0.70 0.83 Rb 2% - -

0.33 0.350 0.17 Sc 21.5 - 3

0.09 0.11 0.10 Sr 295 - 600

0.68 1.00 1.09 v 01 - 40

- - 0.08 Zr 125 - €5
99.65 100.58 99.92
54.80 5%.4% - Qtz  7.42  5.37 5.10
19.54  17.14 - Or 6.25 2.20 14.46

1.55  2.7% - Ab  46.15 51,10 31.44

.02 3.62 - An  22.15 15.45 23,07
4,17  4.41 - Di 4.4 15.08 6.31

6.00 7.2% - Hy 9.52 4.90 12.26

9.2% 10.22 - Mt 2.33 4.10 4.41

1.25 O.44 - I1 0.88 0.98 1.52

0.44  0.49 - Ap 0.66 0.62 0.34

0.25 0.23 -

0.05 C.06 -

Table 17. Metadiorites: Chemical analyses expressed as

weight and cation percentages, trace element
values and catanorm. Modes, mesonorms and

Niggli numbers are listed on following page.
Ml: Tonalite, South Harris. (Dearnley,1963,)



Quartz
Plagioclase
Microcline
Hornblende
Biotite
Epidote
Iron ore
Sphene
Apatite
Allanite
Scapolite

15.47

C.45
46.15
18.55
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trace
O.4
0.4

trace

5.2
59.%
1.0
21.2
2.5
2.1
trace
O.4
0.3
trace

41.6

28.2
11.6



The lMetamorphic Facies

Mineral assemblages of three metamorphic facies
can be recognised in the early igneous rocks. An
orthopyroxene-olivine-tremolite assemblage 1s present in
metaperidotites near the south-western egde of the area
while a plagioclase-orthopyroxene-diopside~garnet-(spinel)
assemblage is present in all garnet-pyriclasites that have
been examined. Neither of these assemblages exhibits
the textural relations of igneous rocks and both can,
therefore, be considered to indicate the occurrence of
a granulite-facies metamorphism, as defined by ramberg (1952),
at some stage during the metamorphic history of the early
igneous rocks. An uprer ampnibolite facies metamorphism
is sucgested by the presence of a pale green, non-pleochroic
clinopyroxene in addition to the common green amphibole in
many of the amphibolites (cf. =ngel & usngel, 1962c . This
mineral is not igneous in origin (cf. Watson, op.cit.).
208t amphibolites contain the typical amphibolite facies
assemblage of plagioclase and hornblende (Ramberg, 1952,,
but the stable assemblage of plagioclase and epidote in
the metadiorites indicates a lower or epidote amphibolite
facies (Ramberg, 1952, and probably indicates that the
more acidic rocks are more susceptible to metamorphic

change.



IV. IH. GRAKITOID ROCKS

"Granitoid rock" is used tor the vhole class of
quartz-feldspar rocis of granitoid texture. The term
is thus equivalent to the terms granite and granitic
rock uscd by many writers (for exa ple, Sutton & Watson
1962). Granitoid rock is strictly a non-compocitional
and non-genetic term,

in the Laxrord area the granitoid rocks can be divided
into two groups: (1) the sodic varietics, typified by
the trondhjenites and (2) the potassic varieties,
typified by the microgranites, There is a sharp
distinction between the sodic varieties in which potash
feldspar is absent and the pota:sic varieties in which
potash feldspar makes up at least 300 of the rock. Rock-
types, intermediate in amounts of potash reldspar are
tew in number and appear to represent sodic varieties
modified by potassium metasomatism.

The potassic varieties are described under the
heading "granitic rocks and allued types", “granitic"
being uscd to demcribe rocks in which potash feldspar
comprises at least 50% of the feldspar component,

The granitoid rocks are distinguished trom the
other met@igneous rociks because (1) they are quite
difrerent in composition and (2) they often display

discordant relations to those rocks and/or the Laxfordian
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toliation, (see Chapter LII), At this stage a genetic

digt-netion is not made.
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The Sodic Varieties

Sodic (trondhjeuitic) granitoid rocks occur
throughout the Laxrord area. They are either fine to
medium grained (a grain-size of 1 .m., is most common)
or coarse-gra.ned and pegmatitic, Por convenience the
rormer are termed trondhjemites and both the latter
varieties are termed pegmatitic trondhjemites.

For reasons given in Chapter III the trondhjemites
are considered to be the older or the granitoid rock
groups, probably developing in the early stages or the
Laxfordian metanorphism, liany have been modified by a
later potassium metasomatism associated with the intrusion
and development or the¢ potassic varieties (Z granitic rocks),

The pegratitic trondhjemites torm concordant sheets,
irregular natches of va..ous sizes, or small lenticular

bodies, There is no clear association between the

pegmatitic trondhjemites and the trondhjemites as is seen,
ror example, in the Cnoc nan Cro group or granitic rocks
(ppe130-1 ). The pegmatitic trondhjenites are composed
or quartz and plagioclase with small amounts of biotite,
chlorite and spidote, They are occasionally folded
(Plate 28).

The trondhje :ites can be aivided into (1) a folded
or contorted variety and (2) an underormed variety., The
rolded trondhjemites often occur in amphibolites as highly
contorted veins (Plate 29) in which the contortions are

small-scale Tolds that have the same geometry as the tolds
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in the adjacent gneisses and the contortions are,
theretore, interpreted as defornational features rather
than ptygmatic structures, These veins contain contorted

wisps of biotite, but iore often that mineral is

disseminated throughout the rock (Plate 30), Some
trondhjemites are intolded with the gneisses, Some
tfolded trondhjemites in the amphibolites are associated
with lenses and pods or trondhjemite containing small
amounts of hormblende (fig.16c )« Such features have
been conszidered to represent .etanprphic segregation
(for example, Ramnberg, 19.6).

The undeforuned trondhjemites occur as either
concordant or discordant veins, the latter variety
predominating (tig. 16b)e They are often foliated
parallel to their margins which may have a thin layer of
biotite when the vein cuts an amphibolite, WVhen present
in the Cnoc nan ¢ro gneisses the trondhjemites may be
a metre or so thick, sometines stopping abruptly and
gsometimes breaking up into tongues that penetrate along
the roliation (tig. 16=2).

lMany or the trondhjemites that occur in amphibolites
appear to have reacted with the host rock, converting
hornblende into biotite, They usuaily o:cur as slightly
discordant veins or pods, the margins of which consist
almost entirely of biotite or biotite and hormblende

(Plate 31). Within any vein the matic minerals, usually
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blotite but sometimes hormblende,or both minerals, occur

as wisps or streaks, often several centimetres long and

usually contorted, that decrease in volume away trom the
margins of the vein. some trondhjemitic material has
intimately penetrated the amphibolites in an agmatitic
manner (Plate 32). However, trondhjemites most comuonly
occur in the amphibolites as narrow veins that cut those
bodies in several directions.

..ozt or the trondhjemites are composed of quartz,
teldspar and biotite although hormblende occurs in some
of the lenticular and reaction bodies., Plagioclase
predominates and is otten, or always, 1t all the potash
teldspar is accounted tor by potassium metasomatism, the
only teldspar, Quartz occurs up to a maximum ot 40%
by voluue, but, ailthough many ot the trondhjemites contain
between 25% and 30% amounts of 5% and 10% are not uncomacm,

In a tew veins quartz is absent and plagioclase forms

95% by volume ot the rock. It may be that those plagioclase

veins are the end-members ot a series of tromndhjemites
showing increasing plagioclase content, with quartz-rich

variet.es grading into plagioclase-rich varieties,

In one vein, molybdenite, occurring as radiating
tlakes, forms 5% by volume of the trondhjemite, Nutter
(1953) also descr.bes molybdeuite from quartzose veins,

800 metres soutn-west or Badnabay.

- 113 -



] —— —

r

| metre

{Ocms
L 1

Fig. o see Fext , bz



PLLTE 28

Folded *tr ndhjemite (to the risht 1z the
hammer) with thin veins ot trondhjemite

(t- the lett ot the ham .er); ILaxriora Bay.
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Trondhje rie in vhichMbiotite 1. di.tributed

evenly taroughout the cpecimen, Arrow shows

cmall crenulations in thin wisps ot biotite
tlakes; ncar north end ox Loch na claise

rearna,

PLATE 31

Amphib>lite with concordant and discordant
rims and lenses of trondhjemite that contain
numerous wisps and streaks ox biotite, The
pod at the bottom right ot the photograph is
almost completely surrounded by a rim ot

bistite; 300 metres south ot ileaver's Bay.
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PLATE 32

An a~ atitic association of trondhmemite
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cicrozcopic petrography of the trondhjewitic rocks

The texture of the trondhjesites is granoblastic,
althouzh it has a tenduncy to be crystalloblastic,
particularly in the coar.e-grained and pegnatitic varieties.
in the iedium-grained vtrondhje:ites the grain-size
increases rtrom 1 @i in the couth-vezt ot the area to
around 1.5 ::1 in the north-ea.t,

Juartz is usually pre ent in asoun's varying fro.:
205% to 40%, but ay be sparue or abse t. in some of the
veins and lenses 2toccurs as either rounded or sub-rounded
grains set in a linked network of feldspar, particularly
plagioclase, or very snall rounded zrains enclosed by a
larger plogioclace grain., 50 .e quartz always occurs as
large grains, up to 1.5 m. in size, that are often bulbous
-nd lobate. Undulose extinction is invariably present.

Plagioclase more than 50% of which is untwinned,is

oligoclase in co.position varying from A%Sto An28. Clowdy
and sericitic alteration are paicnily developed. A
connectec networx ot plagioclase is typical ot the
trondhjemites, isolated ;rains being rarely seen. Albite
is also present in the coarse-grained and pegmatitic

trondhje:ites,

Biotite is the mos: common matic mineral. it is
usually brown or :eenish brown in colour, occurring as
snal: parallel or sub-parallel lathes, except in the

nreaction" trondhjemites where it is either dark-brewn
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or reddish-brown in colour and occurs as aggregates of

flakes or individual flakes disseminated in a rough
parallelism or sinu>us pattern throu hout a specimen,

The Latter variety of biotite offen occurs inassociation
with epidote in which cazes biotite may form a symplectitic
interzrowth with quartz. Biotite is occasionally altered
to chlorite.,

Hornblonde is only present in the "reaction"

trondhjemites and lenses within Aamphibolites. In these
bodies it exhivits a pleochroism ditferent rrom that ot
the a.phibolites as follows:-

X Y Z
Straw yellow Yellowish sreen Emerald green
When present in the lenses, hornblende is identical to
that present in the host amphibolite and is usually
associated with a syuplectitic intergrowth of epidote
and quartz. in the “"reaction" trondhjemites hormblende
is associated with biotite and epidote, both of which
cut across it.

ppidote is sparse or absent in the normal
trondhjemites but tairly common in the “reaction"-

trondhjeites. It often Torms & symplectitic intergrowth

w.th quartz and occasionally rins allanite,

Th: accessory minerals are 3parse in the normal

trondhjemite but quite common in the "reaction"-trondhjemite,

particularly sphene, which zringes ilmenite. The

accessories incluae apatite, usually occurring as sub-
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rounded srains; allanite, occurring as prisms; sphene,
in oval zrains; and opaque ore minerals, in one
specimen, pyrite was seen to have a rim ot haematite

which in turn was completely rimmed by magnetite,
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The :cocnenistry of the trondhjemitic rocks.

~

ition of the tromdhjemites 1s

@)

Tne chernic=l co po
tvpe-soecimen described by Golascnmidt
(1.165)(Parle 17a) excert that the former arc richer in

silica and roorer in alumina. While the analyses plot

[N - 2 7\ o
e (la+i) zpex of the (fe +fe” ), (Na+K), and

close Lo Wi
Mg triangular diagram, one analysis (L11) does not fall
close to the 1:1 line for Ng:Fe2+B‘e5 (fig. 17).

rrace element values also suggest that L1l differs

from the other trondhjemites: thus it contains more Cr,

Cu, Ga, and «i but less Ba, Li, Bb, Sc, and Sr (Table 18a).

- | N}+K | | . T

~ S
ny BB 1) |
/ " ¢ e o .’ -» j ) \ \ , .(,' '
M bojo  Meae doive: o R -
2, pe?

Fig.1? Priangular variation diagram Na+K, Mg, Fe"+Fe”.
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Others are from the Laxford area.
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THE GRALITIC AND ALLIED ROCKS

Granitic and pegmatitic material is extremely abundant
around Loch Laxtord, as observed by Clough (op.cit.,
PP«l20 = 123 and pp.143 - 148) and later by watson (op.cit.,
ope. 286 - 288)., North or Laxford sridge zranites and
pegmatites predominate over micro-granites whereas to the
gouth foliated micro ranites, most of which are concordant
sheets, predominate,

Foliation is universally present in the microgranites
and is usually parallel to the margins or the sheets.,

This reature has led Clough (op.cit., p.120) and wWatsonm
(op.cit., p.287) to describe these rocks as “granite
gneisses", Gneissosity is only seen occasionally and
it is, therefo_e, proposed here to restrict the term
"gneiss" to the more heterogeneous rocks and to use the
term "toliated microsranite" tor the sroup ot rocks that
are described in the tollowing paragzraph.,

Quartz, plagioclase and potash teldspar are the
dominant mineral constituents of the microgranites, a
tew ot which tall marginally within the field ot
granodiorite, plazioclase being slightly more abundant
than potash feldspar (Johannsen, 1932, p.1l44). However,
as these microgranodiorites are so nearly identical in
mineralogy, chemistry and tield relationships with the

.icrogranites they are grouped together.  rlagioclase

potash teldspar usually occur in approximately equal
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proportions, but in a few microgranites potash teldspar
is completely dominant over plagioclase, The grain-—
size is typically 1 mm. or so, hence the use or the
pretix "micro", "rtoliated" being omitted for brevity.
In this work, sicrozranite is equivalent to "granite"
and "sranite gneiss", as used by Qugh (op.cit.) and
yJatson (op.cit.)e In addition, both these writers use
"pegmatite ribs" to describe the ribs or material that
are present in the microgranites  or which many do not
exceed 2 mme 1n gra.n size and none 1 cmy these are
here termed ribs o1 microgranite and granite,

The wicrogranites are particularly abundant
immediately north-east and, to a lesser extent, imuediately
gouth-west or Badnabay. 800 metres south-west ot Badnabay
the proportion of microgranite decreases sharply and south-
west or the Loch na Seil;e sheet only an occasional
icrogranite sheet occurs (map 1). Similarly, to the
north-east the proportion ox microgranite decreases rapidly
on crossing the belt or the Cnoc nan Cro gneisses. Noxrth-
east or this group or gneisses, microgranites remain
rairly abundant, although granite and pegmatite become
dominant over microgranite,

The two thickest sheets, both more than 120 metres

thick in places, have been nemed the Rudha Ruadh sill and

Loch na Seilge sill respectively by the Geological Survey
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(Peach and others, 1907), but it 1s proposed to use the
term "sheet" in place o+ sill so as not to imply a
necessarily magmatic origin. The Rudha Ruadh sheet
stretches from near Loch Stack Lodge in the south-east
through Traigh Bad na 3aizae, to the promontory of

Rudha Ruadh in the north-west, The Loch na Seilge sheet
crops out on the north-east slopes ot Ben Stack and
continues north-westwards, pacsing the north-castern edge
of Ioch na Seilge, to the souta of Loch Bad ant-jeabhaig
where it divides into several thinner sheets, These
sheets ~radually decrease in width north-westwards until,
north-east ot Loch na Claise Fearna, the Loch na Seilge
gheet is represented by only a few tiiin sheets, with a
maximum thickness or 1.5 mnetres,

«atson (1949) terms the microgranites of the Badnabay
zone the "Rudha Ruadh sranite gneisses" and bases her
description ot them on the Rudha ruadh sheet, but many
ot the .icrogranites have a mineral composition that bears
1ittle rese . blance to that ot the Rudha ruadh sheet,

in the field the microgranites can be divided into
two sroups which show difterences in mineral composition,
erfecis ot weathering, rield relationships with the gneisses
and early igneous rocks, and, to some extent, location,

The tirst group, termed the Badnabay microgranites, comprises
the Rudha Ruadh sheet and most ox the microgranites to the
gouth-west, including the Loch na Seilge sheet (lap 1).
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These microgranites contain hornblende or biotite or both;
muscovite is never present. wvenerally they are less
resistant to weathering than the adjacent gneisses and
often form low-lyiny peaty ground; as a result they are
poorly exposed. The second group, termed the {noc nan
Cro microgranites, comprises a series of microgranite shcets
that crop out to the north-east of the Rudha Ruadh sheet
(lsap 1). These microzranites contain muscovite as well
as bilotite, but hornvlende has not becn observed in any
of them. They form massive, homopeneous sheets which
crop out as hard, smooth, rosistant xnobs, standing out
above the adjacent neigsses, with which they also form

an extensive development of migmatites.

Numerous other rock-types are associated with cach
group and appear to be genetically related to them.
Granites, pegmatites, migmatites, sheets of microsyenite
and ribs of granodioritic rocks are associated with the
Badnabay microgranites; each of these rock-types is
preceded by "Badnabay" and collectively known as the
Badnabay group. Similarly, the Cnoc nan Cro group
comprises the Cnoc nan Cro microgranites and associated
granites, pegmatites and migmatites.

The Laxford quartzofeldsvathites, a small group
of bulbous bodies composed escentially of quartz and

feldspar, the microgranite/trondhjemite bodies and the
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LE-SV peg.atites, a series ot late, joint-tilling
vegmatites, are not included in either the Badnabay
or cnoc nan Cro JZroups and are described separately.
Potassiuwm metasomatism commonly appears to be
associated with the zormation or the granitic rocks,
In addition there are various features, such as the
occurrence oi micrograuite within veins o1 trondhjemte,
the origins of wnich may be ascribed to potausium metasomatism,

Such pnenomena are uescr.bed in a subsequent section (pp.162-3).
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cHE CLuC 1AN CRC GROUE

The ..icrogranites

The muscovite-biotite-microgranites are extensively
developed on the slopes ox Cnoc nan Cro, whence they can
be traced couth-easivards and north-westwards tor a
cistance or at least 1500 mecres to the edges or the
area, the sheets _enerally trerding KW-SE. As already
stated (p.12C ) they are geographically separsated zrom
the Badnabay idcrograrites for, with very few exceptions
they crop out to the north-east ot the Rudha Ruadh sheet,
Two of these are found to the south-west of the Loch na
seilge saeet, Both are less than 3 metres tiiick, cut
across the toliation and striping ot the gneisses, and,
siuce they either disappear under peat or end abruptly
against the _neisses, are not obviously related to
adjacent icrogranites.

Usually the thickcr sheets are well defined and
eagsily uapped over considerable distances, Contécts
with the adjacent gneisses are often seen and are usually
sharp, as seen in the crags near Laxford Bridge. Chilled
sargins are ncver .seen, the grain size of each sheet
remaining more or less constant trom the upper to the
lower margln, No evidence of potassium metasomatism
hac been observed at ary of the contacts.  Between the
sappable sheets there is a considerable amount of similar
sicrogranite wihich occurs as thin sheets, veins and
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lenticular bolies, interlayered with the gneisses and
forming migmatites in the original sense (Sederiolm, 1923
and 1926) - see p, 132,

The hard smcoth resistant knolls tormed by the
sicrogranites tend to e .phasise the homogeneous character
or each sheet, although this homogeneity is interrupted
by veins, ribs and patches of slightly coarser microgranite
and granite and occasional relict tragments of gneiss,

While many ot the nicrogranite sheets are broadly
concordant with the foliation ot the gneisses, discordant
relations are ‘requently obscrved, being 108t obvious when
a sheet furcates, in wiich case at least one ot the branches
is discordant (Plate 34). Fuication and discordance are
features that indicate the intrusive nature and mobility
ot the Cnoc nan Cro microsranites,

A poorly developed foliation, "hich is produced by
the alignment of biotite flakes and quartsz lenses,_is
present in the microgranites, butis often difticult to
detect. 1t ic usually parallel to the margins of each
sheet and theretore to the toliation in the gneisses;
it strikes LW-SE and dips to the south-west at 400 to 500
It is otten emphasised by the presence or thin ribs oz
leucocratic material., The foliation tlows round inclusions
of gneiss. rlexures ot the microgranite sheets and their

foliation can be seen at several localities, such as the
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headlund ay weaver's Bay. Typical Laxiordian folding
hai not been observed in the icrograrites, but near
weaver's Bay _eversl €xauples may be ceen of ~lcroiranite
penetrating alon; = _inb ~nd round the nose ot an
isoclinal told in the gneisses, Usually the margins of
cach sheet cre straisht ang parallel to one another, but
occasionally onc .ide ot the -heet bulises into the gneisses
with the foliation or .he .dcrozrani e sarallelin : the
bulze. ~icrozranite sheets rmay be tlexured thraugh
90°, in whicih cnze the zoliation parallels the tlexure
and becomes vertical in ativitude.

In hand-specimen the r.iciogranites vary in colour
trom grey to pale pink, ‘he ;rain-size i, about 1 nm;
it is rarely zrecater, but lcnses of quaxtz and potash
teldspar occasionally ~ive an inpression ot greater
coarseness, the lenses rarely exc-ed 3 1. Quartz,
plaziocla e and sotash teldsp.r oc:ur in approximately
equal a.ounts, making up 90% by volumne of the microgranite,
In most of the :icrozranites these three constituents
are eveuly distributed (Plaie 35). liany gra.ns and
patcaes ot potash Tcluspar are linked to one another by
nar:row necks ou that mineral. in a Tcw specimens lenses
and pods rich in potaun Leldspar are ceen. Quartz is
ovrten ltenticular, The remainin; essertial mineral
constituents are biovite and wuscovite, the accessory

minerals include epidote and iron ore, but the others
cannot be distiuguished in hand specimen.
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In several instances the icrosranitc: have been
observed to cut across trom hornblonde-biotite gneiss
to a phibolite viath no de.ectabl: charse in the -ineral
constituents, ~uzcovite is rarely present in the
gneisses, while it is a comion and essential constituent
ot the icrozranites,

“he "late to.iated 73ranites" of the Laxford zone
(Witson, 1951, p.238) have the saue mineral composition
and texture as the Cnoc na: Cro .idcrogranites and are
considered also to fall in this group. The+ strike
consistently LW-SE and dip to the south-west at about
45°, as do a great many ot the other microgranites, They
cut .everal ot the peguatites north ot Laxford Bay, but
other exa ples are seen in which thece microgranites are
cut by preg.iatites,

The Cnoc nan Jro iicrogranites have sui'fered
cataclastic deformation in a few cases (ct. Clough, 1907,
p.152) as seen at the roadside 50 metres east ot Laxford
Bridge and 3u0 etres south-south-west of sadcall Quay.
All gradations occur rro.. wicrogranite with widely separated
wisps ot granulated aaterial, through uicrogranite with
dogely spaccd thin wisps of granulated material to almost
complcetely wylonised .icrogranite, Une partly mylonised
microgranite which crops out 30 metres west of Laxtord
Bridge can be iraced north-westwards for a distance of

500 metres. This granulation, wiich is occasionally
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seen in the pgranites and p.gmatites, is confined to the
granitic sheets and is not present in adjacent or other

gneisses,

s.:atl quartz veins occasionally cut the icrogranites
for example 1luU metres east of Laxtord 3ridze, but are
extremely sparsely devcloped,

Inclusions in the microgranites vary from small

lenses (Plate 36) to remmnants a few centimetres thick and
over 50 metres in length, They are consistently
elongated parallel to the foliation of the enclosing
microgranites and thererore, in most cases, to that of
the adjacent gneisses, There is no evidernce of forceful

intrusion in the torm ot either Tragmented or delformed

inclusionse
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The granites

The Cnoc mnan Cro sheets, while composed predominantly
ot homogeneous microgranite, usually contain a certain
amount of coarser grained .—aterial, occurring as streaks,

lenses, ri>s, veins and patches,
1. Ribs of Granite

In a microsranite sheet, granites form concordant
and discordant ribs (Plate 37) soue of which appear to
grade into microgranite (rlate 38). Some of the ribs
are only slizatly coarser-grained than the host microgranite,
vary <ro.. about 2 nui. in thickness upvards and are parallel
to the zoliation ot the microgranites (rlate 39).
Together with the folliowing type, these ribs or granite
make up an ave a-e about 10% of a sheet,

2. rolded and irregular ribs and veins of granite

A nunper ot ribs and veins are apparently folded
(Plate 40) while others are oirishoots rrom a large patch
of sranive. Age relations between concordant rlbs and
apparently rolded veins are difticult to establish: in
so.¢ cases tihhe rormer cut the latier and in octaer ca.es
the reverse is seen (Pl~te 41,

3. Nodes of granite

Granite ribs and veinsg occasionally bulge out at
intervals alon; th.ir length, roruing a series or noges

4, Layers ol granite

A3 its volw.e in a siheet increases, granite rormMS,
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i11rst, patches and then concordant layers that enclose
lenses of microsranite. Thus, in the rield all
gredations can be ween 1rom microzrarite with occasional
lenscs and patches ot granite, through bodies in wnaich
both occur in approxunately equal amounts to granite with
occasional l.nses and patches of microgranite. There is
usually a siarp contact between both rock-types.

5. Sheets and veins o. zranite

Sheets a..d veins ui grauite are racvuaer .parsely
develo ca. Hovever, many have pecn recorded (Plate 43).

The granites are co posed of quartz, .otash teldspar
and plas.oclase which nost commonly occur in appro..imately
equal asounis, These ninerals are usua'ly evenly
distributed throughout a specimen, but in a tew cases
potash feldspar exhibits a sireaky distributicn (Plate 44).
Biotite and inuscovite can usually be distinguished.
Accessories distinguished in the field include opaque
ore, uraninite and allanite iro. which cracks radiate

(Plate 45).
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The reg-atites

reg atives ere very abundant north of La.ford say
(Clough, op.cit., =z=nd .atenn, op.cit.) and in this study
are concidered to Tor: part ot the injection co .plex
for they are intimately associated with the granites
and dcrosranites, Ac ordinz to iitchon (1960) all the
Lexfordian ocegatites are concordantly initruded into
the gneioses and nhave _harp, siightly undulatofy margins.,

veg.atites decrease in number in a south--esterly
direction until south-west of a nW-L5E lin. draw: through
Cnoc rnn Cro they are sparccely distributed, This
decrease 1s accompanicd by an increatse in the nu-ber of
sheets ot umicrosranite and granite.

rFeg atites toi. concordant and discordant shcets
ot large irregular patches. ‘hey cut all rock-types
including shecets of microgranite, but are themselves
cut by tain dcrogranite sheets (cf. late foliated granites
of watson (op.cit.)). In addition, these rock-types
intisately penetrate one another (Plate 46) and pegmatite
occasionally grades into granite. legnatites may contain
relics of gneiss, gJarticularly when they for. concordant
sheets, and from some ot the irregular patclies the relics
either can be traced into the adjacent gneisses or are
nore numerous at the margins.,

The peg .atites consist essentially of quartz and

dull-red to .ink .icrocline that is sometimes perthitic,
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with lesser a.ounts of plagioclase and small a-ounts ot

uscovite and biotite, the predominance of +ticrocline
ie contir-ed by chuiical analyses of the pegnatites and
thus contrasts with the evidence ot vwWatson (1951, p.288)
that ~1i:rocline and olizoclase occur in equal proportions.
Quartz torms irregularly schaped interstitial patches while
biotite occurs either as books up to 4 cm. in size or as
dispersed flaxes, Acce.sory ninerals include epidote,
a_lani.e, uraninite and opaque ores, Allanite, which
go.etimes has a oft green or brown weathered outer layer,
is a very com:on accessory and orten produces radial
cracks in the adjacent .inerals, Uraninite, occurring
as knobs up to 3 cm., in size, is locally abundant.
Contacts with amphiholites and gneisses rarely show
evidence of a reaction between the pegmatite and host
OCKS., wowever, 200 metres ENE of sadcall Quay, books
of bintite, up to 3 cm. in size, can be 3een at the
sargin ot an auphibolite in contact with pegmatite.
Othervise, there is little evidence of metasomatism
even wanen segmatite inftiuately penetrates the gneissges,
The .eg.atites are not foliated perhaps because of
the coarse grain-size, none ot the larger pegnatites
is tolded but a tew s.aill bodics exhibit contortions
girmilar to thouse ot the gneisses. In a few cases the
pegmatites for:: noded bodies and in one occurrence near
Duchess's rool the outer few centinetres i#f finer grained

than the core, 131



fhe igratites

igmatites are e..tensively dceveloped north-east ot
the iudha Ruadh chcet vhere they form a prominent part
of the rocks that lie between the sheets ot microgranite,
msserntially, the dizmatites are composed of either
eaver's Bay or Laxtord Bay gneisses inti.ately penetrated
and veined by granitic i.aterial orx the Cnoc nan Cro group.
South-west of ILaxtord Bay the granitic part ot the
rigmatites occurs as discrete veins and very thin sheets
whereas to the north-east it usually occurs as streaks
and pods that are more intima.ely associated with the
gneisses (rlate 17). In the la.ter area the streaks and
pods decrease in size until they cannot be recognised as
an individual phase (Plate 16), except by virtue of the
pink colour in the potash t.ldspar. In this casz they
would not be terzed :igmatites by Crowder (1959) who,
in attemptigto syste atise the terwinology, consiaers
that & migmatite should be recognisable as co posed oz
at lcast two rociks, one or which is granitoid, at a
gistance of a tew paces rrom the exposure, While there
is probably a genetic relationship between the thin
sranitic streaks and pods of the gneisses and the thicker
granitic parts ot the migmatites, the detinition of
crowder, being similar to the original dcfinition

(Sederholm, 1926, pp.133-139) is adhered to in this study.
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Plate 34

gifurcation in a Cnoc nan Cro microgranite

sheet; Laxford Bridge.

Homogeneous Cnoc nan Cro microgranite.
Quartz(pale grey), plagioclase(white)
and microcline(dark grey) occur in approx-

imately equal proportions; Cnoc nan Cro.
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Plate 06

Small inclusions of gneiss aligned parallel

to the foliation (poorly developed in this
case, of the host microgranite; c¢noc nan

Cro.

Plate 37

Thin concordant ribs of granitic material

in microgranite; Weaver's Bay.






PLATE 38

A concordant rib of granite that grades

into microszranite; Cnoc nan Cro.

PLATE 39

Ribs or zranite that are concordent and

vary in thickness; ILextord B&y(xb






Plate 40

Veins of granite that appear to be folded;

Cnoc nan Cro.

Veins projecting from a larsc patch of
granite; they are cut by a folded vein

( see overlay); vnoc nan Cro.



Plate 4T



PLALE 42

Node of sraniie in microgrenite; Laxtord

Bay.

PLATL 43

Discordant sheet of granite: Laxford Bay.






PLATE 44

Streak 't potash teldspar (coloured grey
at lower edge) in thin vein ot granite;

Veaver's Bay.(xo

PLATL 45

Cracks rediating trom allanite; 150

metres north o+ Badnabay. (XZ.S)



Plate 44




PLATE 46

Cloze a. .ociation of ovegmatite and micro-

cranite; roadside, north ox Laxzord Bay.(*o

PLATE 47

srenulated quartz and nlagioclase (crossed
nicols, X75). Cnoc nan Cro microgranite;

100 meires SE of Cnoc nan Cro.
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..icro.copic petrography of Cnoc nan (ro roup

The descripuion of the mineral constituents and
textural featurcs or the Cnoc nan Cro :sroup is based on
data obftained Tro.. the .icrogranites. Any variations
that occur in the granites and pegnatites are described
in the relevant paiazraph. The textures in all rock-
types are netamorphic rather than izneous, but usually
a zranoblas.ic itexture is seen only in the -icrozranites
and some of the granites, A series of odal analyses
(rable 18 ) shows that there are only slight dineralogical
variations within the .icrogranites and between them and
the graniies, The minerals .ay be partly zranulated
(Plate 47).

Juarsz occurs in several distanct habvits: (1) small
rounded gra.ns in both kinds ox teldspar (2) small, sub-
rounded grains that occur either separately or in clusters
(3) fairly large grains or patches consisting of several
grains (4) myrmekitic intergrowths with plagioclase
(Plate 48) (5) symplectitic intergrowths with epidote
(Plate 49) and (6) veruicular intersrowths with muscovite
(Plate 50). Undulose .xtinction can be observed in most
of the grains, obut not in the quartz that forms intergrowths.
Strongly sutured iargins are an early stage in post-
crystallization detormation that gave rise to mylonites,
liany ot the larger grains have trains of tiny unidentitriable
inclusions and occasionally contain inclusions or biotite,

plagioclase and microcline, towards which these grains are
aiid s lakata ownd hnlhana (Plate S1).
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+lagioclase has the compesition of oligoclase,

varying irom Ango to An25’ Less than 5Q0% of the grains
are twinned, twinning occurring .:ainly on the albite law
or occasionally on tlie pericline law, Twin la.:ellae
often tapecr consizvently in one direction. Plazioclase
is variably altered to an unidentiriable dust, sericite,
or occasionally saussurite, Alteration iz sometii.es
contined to, or is :ore intense along alternate lazellae,
When plagioclase is in contact with microcline a clear
unaltered yim of'ten forms on it and a myrmekitic intergrowth
ot oligoclase and quartz 1is oltern associated with this
phenoi:enon, the myrmekite forming within the oligoclase
put not the clear rius, As these itcatures ocuur only
when .:icrocline 15 in contact w.th oligoclase it is
considere: .hat the presence of micfocline 15 essential
tor their torsation (fig. 18a). With a tew exceptions
the cl ar rin is .ore sodic than the main part of the
plagioclase, as seen rrom & ver sharp secke line or,

in soumec cases, iTrom the fact that the rim is unattected
by either the sodium cobaltinitrite or potassium
rhodizonate stain, the clear rim may be twinned or
untwinned, the latter being rather more com:ion, In the
twinnea varieties the twin lanellae are either optically
continuous with the laiellae ot the core going into
extinction at the same tine (Plate 51) or continuous

tros core to ram with the extinct.on reversing on crossing
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trow. core 1o rim (rig.18b ).  As noced by ohelley (1964)
any rein et s an oligoclase core and albite ram
will shovi a reversal of extinction of twin lamellae.
It reversal of extinction does not occur on passing from
core t: rim, for example in plate 51, the rim must be
only -lightly .orc albitic in conposition than the core.
In the exa ple .hown there is no detectable ditterence
in the angle ot extinction betwveen the twin la.iellae or
the core and 11m, The clear rims are rarely otr constant
thickness and 1in a tew cases tdcrocline forms an indented
margin ith the rim occa.i nally penetrating 1t to come
ir. contact .ica the core of plagioclase (Plate 51).

rla;ioclase enclo es smail round quartz grains and
occasionally 3rains or microcliue. 1t also contains
orientated inclusions of microcline (Plate 52) a feature
rare in the microgranites, but comuon in the coarser
grained rocks. In so.e caces the twin lazellae of
plagioclase continue uninterrupted through the suall
inclusions of microcline (Plate 53). It is signiticant
.that thecse inclusions occur in oligoclase, oiten highly
altered and not in fresh, unaltered albite,

clugioclase is often intiuately associated with
~uscovite in a wanner not seen between the latter
ineral and wmicrocline (fig. 18¢c)e It contains vhite
sica that varies in size frou very small flakes (sericite)
to much lar;er Ulakes, which penetrate into the feldspar

grain. - 135 -



in van -~ of the granites and peg.atites sonme of the
plagioclase is alite in conposition, The relative
amounts ot albite ard oligoclace are difficult to
detecimine,

icrocline is cssumed to be the only variety oz
potash teldspar present in the granitic rocks, liowever,
several vriters h-ve deccribed the accurrence of both
orthoclase and :icrocline in the one granite (Schermerhorn,
1956; lLar:o, 19622)and both .armo and ochermerhorn
describe the gradual transformation or orthoclase into

icrocline, According to scher.:erhorn (1956, p.327)

"the tirst indication of .iicroclinization is the develop:rent
oL a shadowy, undulatory extinction in the potash feldspar
crystals".

Since watson (1949) .entions the presence or
orthoclase in the Rudha Ruadh sheet a similar transformation
in the granitic rocks ot the Laxtord area camnnot be
excluded. However, in scveral grains of both twinned
and untwinned potash teldspar the optic angle is never less
than 77° (Table 19). Grains showing either no twinning
or undulatory twinning have a range ot optic angles which
is slightly lower than that for grain; showing well

developed grid-twinning.
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_ABLz£ 19

Grain type 2Vx in degrees
Untwinned portion of zrain 79 to

Twinned portion of zame grain go Lo
Undwlatory twinning 77 - 83 2
Untwainned grains 77 - 84 t 2
Well developed grid - twinning 80 - 85 e

s.icrocline comuonly exhibits well-developed grid-
twinning, but more than 50 of the grains are either
vaguely twinned or untwinned. It is always clear,
fresh and unaltered and may occur as small interstitial
grains, less than 0.5 .1 in size, a. large .ndividual
grains, usually less than 1 mm in size, or as patches
consisting o1 several grains tnat are linked to adjacent
grains or patches by thin veins of microcline, lany ot
the grains are perthitic, tlame perthite being the only
variety present in the microgranites although string,
film or parch pecrthite may be present in the granites
and oegmatites, In some cases only an occasional flame
or strinser or albite is present while in other cases
60,, of the perthite grain is composed of flames ol albite.
The more signixicant‘feacures of flame pecrthite are:
1. the tlames areigzg??Zbuted both between grains and

within single grains,
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2. cary of the tlaes broaden towards the edge ot the
srains, sometimes coalegscing with other flames
(Plate .4) wath the coalescing albite torming
a psrriial ra o to the grain,

In a tew tiin-sections, vome spindles ot the grid-
twinnin> are tlexured, same grains exiiibit undulose extinction
and the ;. id-twinnin; fractured, all being due to post-
crystallisation dcforuation,

~icroclince ofter forms suooth, curved contacts with
pla ioclase, but in some cases it completely encloses
that .inerzl, the boundary oveing irregular and inde:.ted
(fig, 17d ) while in cther cases it irrejularly penetrates
the .ame i.aneral, It so.etuin.s contains many small,
highly altered inclusions th:.t appear to be in optical
continuity (Flate 57) albitic siringers extending from
the inclusionse.

Biotite, usually dark brown in colour, occurs as
disseminated flaxes coumonly in an approximately parallel
alignment, The felgic minerals mould themselves on it,
.uscovite orten forms a narrow fringe along the sides of
biotite ©lakes and occurs as nuierous small flakes at
the ends. Biotite may be aitered to‘a green pleochroic
variety ol cilorite,

EEidote occurs as small irregul: r grains and often
forms a sy -plectitic interzrowth with quartz (Plate 48),
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Muscoviie oc:urs as s.all flakes of white nica or
as larte poikiloblastic plates, usually associated with
plagioclace, It occasionally forms a vermicular
intersrowth with quartz (Plate 49). It rarely penetrates
the other minerals,

The accessory -inerals are dowinantly allanite and

apatite, Allanite woich ..ay be zoned, is usually present
as sall grains wihich may be partly or completely fringed
by epidote. Apatite usually occurs as small sub-rounded
grains, but occasziona’'ly as wrismatic grains, Small
<cranules of sphene are occasionally observed, together
with interstitial calcite, Ore min.rals include ilmenite,
partly altered to leucoxene, magnetite, iron pyrites and
haematite, Pyrites with a core of magnetite and rimmed
by haematite is a rare ac:essory (Plate 56).  Zirconm

and monazite may be present,
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P= Plagioclase
Q= yuartz

= Microcline
A= Albite

Musc= Muscovite

(a) Albitic rim to plagddclase in contact with
microcline , onoc nan Cro microgranite.
(b) Albitic rim showing reversal of twinning ,
Cnoc nan Cro microgranitec.
(c) mxtensive muscovitization of plagioclase,
onoc nan Jro microgranite.
(d)HMicrocline encloses and penetrates plagioclase,
Cnoc nan €ro uicrogranite.
(e) Network habit of microcline , Badnabay microgranite.
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PLATE 48

llyrmekitic inter;rowth ot quartz and plagioclase
(cros:sed nicols, X50), Cnoc nan Cro

granite; ILaxtord Bay.



Plate 48
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rlate 49

Symplectitic intersrowth of quartz and epidote
(crossed nicols, X/5). Cnoc nan Cro micro-

sranite; Cnoc nan Cro,

Plate 50

Vermicular intergrowth of quartz and

muscovite (crossed nicols, X12vu). Cnoc

nan Cro microgranite; Cnoc nan Cro.






PLATE 51

idcrocline renetrates a clear sodic rim

to come in contact with normal plagioclase,
Albite twinning is not reversed. Note
the serrated edzes to the quartz grains
within plagloclése. At the hottom of the
photomicrosraph there is a lobate and
bulbous grain or quartz (Crossed nicols,
X75)s Cnoc nan Cro microgranite, near

Iaxtord Bridgee.



Plate 51



PLATE 52

Antinerthite, in which the "inclusions"
ot microcline are in optical continuity
(crossed nxzcols, X75). Cnoc nan Cro

granite; ILaxtord Bay.
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Plate



PLATE 53

Antiperthite, in waich the albite twin
lamellae ot nlagioclase continue through
ricrocline (crossed nicols, X75) Cnoc

nan Cro microjranite; \ezver's 3ay.

PLATE 54

Iicrocline perthite, in which the tlames
ot albite(white) broaden towards the edge
ot the ~rain and also coalesce (crossed
nicols, X75) Cnoc nan Cro microgranite;

Traighe Bad na Baighe,






PLATE 55

Small rounded inclusions o1 altered
plagioclase in microcline. Occesionally
albitic etringers extend trom the inclusin

(crossed nicols, X120). Cnoc nan Cro

nicrogranite; Cnoc man Cro.

PLATE 56

Iron pyrites (~reyish-white), rimued by
nacmatite (dull black) which is in turn
rirmed by magnetite (speckled black)

(rerlected light, X 50)« Cnoc nan Cro

mecrogranite; Traighe Bad na Baigheo






The sadnaba. .roup

The wsadnadbay sroun includes the Loc!y na se’l e
sheet, the rudha wuadh sheet, the wicrosranites, granites
end peg.atites and wcicrocyenites between these two cheets
and to the south-vest or the Loch na ueilge sheet, and
a tew iicrogranites that crop out imnediately north-
east or the Rudha Ruadh sheet.

iLicrogranitves, exhibiting a sranular texture,
predominate in the Badnabay group. they are almost
always dull red ir colour vhen tresh; the weathered
surtface may also be red, but ore often it has been
pleached to light-brown or stra. Their red colour
and btheir apparent hoinogeneity enable the thicker sheets
to be eas:ily recognised in the field, but with the
thinner sheets (10 cm. or less) distinction is :more
difficult when the red colour i absent. Fortunately
their texture and weathered surtace enable them to be
distinguished in nost cases, tinal confirmation being
obtaLrned by the sta.ning technique.,

i.icrosyerites and leuco-microgranites are also
tairly comrnon, the former buing dull-red and the latter
pink in colour, They are usuallr associated with the
nicrogranite, forminz either the adjacent sheets or
part ot the same sheet, All the .icrogranodiorites,
zranodiorites and ranites contain less then 5% by
voluze ot the rafic minerals and can, theretore, be
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described as leucocratic. ~egmatites are rather
sparsely distributed.

4s the Rudha rRuadh and Loch na Seilze sheets are
by ror the largest, they are described separately and the
remaining sheets are jrouped together (see Lap 1).

The Rudha Ruadh sheet

The iudha Ruadh sheet forms low lying, peat covered
ground and as a result, althouth we 1 exposed along the
coast it is poorly cxposed inland. The contact between
the upper edge of the sheet and the o.crlying gneisses is
arked by a rid;e vith the sneisses forming an overhang.
Althoush this allows the approximate position ot the south-
western murgin to be traced easily the actual contact is
usually seen only in coastal exposures, Near Badnabay
and at .eaver's Bay microgranitesa few metres from this
contact have bcen intensely sheared and granulated,
occasional stringers and patches or quartz being developed.
The lower or north-eastern contact is :more difficult to
trace, partly because ot the lack of good inland exposure
and partly because interdigitation of microgranite and
gneiss is common near the contact, At Vieaver's Bay, where
the contact is well exposed the edge ot the sheet appears
to be concordant with the toliation ot the underlying

gncisses. visc. rdant contacts have not been observed

at either the upper or lover edges of the sheet,



The rudha Ruadh sheet varies in thickness; it
is never less than 90 metres thick and rarely more than
120 metres. The sheet is composed or all the rock-
types present in the Badnabay group, microgranite
predominating, followed in volume by microsyenite,

The typical dull-red colour may be bleached to a
lizht-brown colour by weathering, but the depth of
bleaching i1s never more than 1 cm. All rock-types are
reniarkably fresh and in many cases there is only the
thinnest veneer of weathering, Sma.l cavities occur in
several rock-types compriising the sheet. They increase
in number a: the mafic content or the rock increases;
thus they are sparse in the leucocratic rocks, but
relatively abundant in the microsyenites where as many
as fiitteen may be present in a square centimetre (Plate 57).
llany or the cavities are a :illimetre in diameter, some
being larger, so.e smaller, As these cavities could not
have been present at the depth @t which the Rudha Ruadh
sheet formed they nust have been fi'led by some mineral
which was present in greatest amounts in the microsyenites
and vhich was preferentially removed when the microsyenite
bad reached its present position in the crust.

The shneet is rudely foliated as a result ot the
alignment ot biotite zlakes or clots. ot hornblende and
its roliation is orten emphasised by the parallel
elongation orx small lenses oi qQuartz, Numerous thin ribs
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or leucocratic material occur parallel or near-parallel
to the foliation, which appears to be parallel to the
margins or the shcet and to the toliation of the gneisses,

Biotite-microgranites and hornblende-microgranites
are easily dist.inguished in the field except when the
matic mineral is completely chloritized. Biotite tends
to be dominant towards the margins ot the sheet, while
hornblende predominates in the centre, The most abundant
type or microgranite conta.ins less than 10s marics,
Feldspar makes up about 70% while potash teldspar
and plagioclase usually occur in approximately equal
amounts (Plate 58), in some varieties the rorner mineral
igs clearly domunant, Quartz varies antipathetically
with the marics, but rarely makes up nore than 20% of
the rock; 1t is never more abundant than either or the
reldspars, Epidote ana ore minerals are occasionally
tound, while sphene can be seen at the coastal exposures
near sadnabay.

The mic:osranites grade into microsyenites by an
increase in the mazic content and a decrcase in the
quartz content, Althaugh all guadations occur there
is always a sharp contact between the granitic and
syenitic varieties in the field (Plate 59). The

sicrosyenites contain less than 10» quartz and more than
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15,. nafics, the remainder being composed of teldspar.
rotash feldspar is alwa;s dominant over plagioclase,
the ratio being 4:1 or greater, Hornblende is the most
com:on wafic wineral, but biotite occasionally predominates
towards the centre of the sheet, Epidote and pyroxene
can also ve distiuguished in some specimensg,

Jicrogranite also grades into leucocratic microgranite
in which fthe inatics make up less than 5,0 of the total,

1he leuco-uicrogranites, microgranites and
microsyerites have gimilar textures. They are all
granular and relacively nomogeneous in hand specimen
(with the exception of the banded microsranites (p. 151 )),
and in all varieties the mafics tend to form clots,
although biotite and epidote are occasionally disseminated
evenly throughout, In one specimen from near Badnabay
cores or epidote, 1.5 mm, in diameter, are partly or
comple.ely rimied by swmall flakes of biotite, Clots
of hornmblende are typically developed in the syenitic
varieties where the reach several millimetres in size,
In one exa.ple the core of an agsregate of hornblende,
1 c¢m, in size, has been replaced by an aggregate of biotite,
epidote and sphene, The clots are usually aligned and
elongated parallel to the foliation.

In the .crozrarites quarvz is usually lenticular,

the lenticles beung elongated parallel to the toliation.
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Potash teldsyar exiiibite a small degree ot se:sregation
and patcines or it are orten linked by narrow necks of the
game mineral, Plagioclase alsoehibits slight segregation
and many ot the gra.ns exhibit vale blue schillerization,
Within the rudha Ruadh sheet three sheets of
.icrosyenite can be distinguished, They vary in
thickncss trom H netres to 12 metres and one ot them
thins to zero south-east of Allt na suileig. They are
well exposecd at Allt na Suileig and can be traced south-
east to the edge of the area and north-west to Bad Lonanach
(liap 1) vhere exposures are poor. At the coastal exposures
of sadnabay and .caver's Bay microsy®Rnite sheets are
only 1 to 2 metres t.ick and cannot be correlated directly
with those at Allt na Suileig .
In a few localities the icrogranite has a striped
or streaky appearance (rlate 60) and occasionally the
ghape of the ratric stripes suggests relict folding. The
matric stripes and streaks are syenitic in compo:ition,
relict layers of gneiss that are found in several
localities, tor example .‘eaver's Bay, vary in thickness
from 5 cm., to 1 metre, They are generally quartz-
dioritic or aiphibolitic in composition, although there
is some evidence o1 potassium enrichment (see p.2_27).
The striping and toliation of eacih relict layer is parallel
to the toliation o the surroundng wicrogranite. In one

or two instances the layers are seen to wedge out downwardsSe
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thin ribs, both concordant and slightly discordant,
ot leucocratic material are very common throughout the
Rudha Rurdh sh.et, as previously descrined by Gough (1907)
and .atson (1921). They are often riore resistant to
weathering than the host microgsranite or microsyenite
and so stand out on a veathered surtace, The discordant
ribs & pear to be slightly later for in general they
tend to cut across the concordant ribs, The ribs vary
in thicknecs from 2 mm to 15 cm; the thinner ribs are
very conmon throughout the chcet, often occurring as
closely spaced lenticles which euphasise the zoliation,
Vany ot he r1bs, espccially the vhicker ones, exhibit
a secries of bulze. along cheir length, «atson (1951, ».287)
teris these bodies "noded egmatites" and states that they
wexhibit a rhyth.ic series ou swellingsi'"strictly speaking
they are not rhythmic as the wavelength of the "“swellings"
varies along the len:th ot any one moded :11b. In some
cases the nodes are cut by a concordant rib.

The ribs are composed of leucocratic microgranite,
granite, icrozranodiorite and granodiorite, Within
the 1icrosyenites three varieties occur: (1) a variety
in which the armcunt of pocash teldspar is approximately
the same as the lost, thet is, that mineral predominates
over plagioclase (Plate 57) (2) a variety ot microgranite
in which potash feldspar and plagioclase occur in
approximately equal amounts and (3) a variety in which
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plazi.clase _redominates over potash feldspar. The

tirst variety is by far the wno.t comron although a sinilar
predoininance of potash feldspar is rare in ‘he ribs that
occur in the ricrogranites. Ribs with a grain-size
gimilar to that of the zicrogranites and .icrosyenites

are at least as com.on as those of coarser grain, Quartz
is alwa,s more abundant in the ribs than in the host rok&k,
wafic minerals, usually rather sparse, occur as clots of
hornblende with occasional biotite and epidote in the ribs
present in icrosyenite or as disseminated flakes of
biotite and grains ot hornblende in those present in
nicrogranite and microsyenite,

Granites, couprising about 15% of the Rudha ruadh
sheet, also occur as larse irregular patches, grading into
peguatites which usually remaining subordinate. They
otften contain lenticular patches of microgranite, showing

that there is an intimate relationship between them,

The Loch na Seilge sheet

This sheet, generally for.ing low-lying ground, but
well exposed in some localities, tor example suuth-west
of Badnabay, is over 175 metres thick in many places,
An important teature of this sheet, which has been previously
described by Clough (1907, p.144), is the occurrence of
relict bands and lenses of gneiss, In the south-east

of the area these relict bands are sparsely developed, but
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towards the north-west they increase in size and
distribution until gneiss exceeds microgranite in volume
(.ap 1) and, at the western edze ot the area, the sheet
is finally renresented by a zew narrow sheets oz
microgranite, rarely =more than 1.5 metres thick, Where
the 7ain sheet breaks up into thinner sheets :igmatites
are tormed.,

Alt.ouzh contacts between the main Loch na Seilge
sheet and the adjacent gneisses are not often visible the
marcins of the sheet can be easily traced in the field
and mapped on aerial photographs with reasonable accuracy.
vhere the sinzle shecet is replaced by several sheets,
gouth-west of Badnabay, contacts are seen in a number or
places. iost contacts suggest that the .icrogranites
are concordant: only in a tew Localities are discordant
relations scen. Exposures showing a vertical section
usually afrord the best sxamples of discordant sheets
pbecause, vnile most of the microgranites appear concordant
parallel to the strike ot the zoliation, they occasionally
cut the zoliation downwards.

the Loch na Seilge sheet is composcd of icrogranite
which occasionally grades into granite. Microsyenite
is absent in the main part ot the sheet, but near the

western edze of the area it occurs in a tew thin sheets.,
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Hornolende. zicrogranite is the dominant variety in the
main part ot the shee , but rurther north-west the thin
individual shcets are compo.ed o1 either hornblende or
biotite-bearing varieties, In a number ot sheets that
c.op out on the hills to the west o1 padnabay leucocratic
microgranite occursg.

The Loch na Seil ;e sheet and the other sheets
exhibit a 1ude toliation similar to that os the Rudha
Ruadh sheet, The paraillel orientation o1 quartz lenses,
biotite rtakes, clots of hornblende and the presence or
numerous ribs aligned in the same direction all emphasise
this roliation, parallel to which there are numerous
grooves waich vary in width and do not appear to retrlect
a dirtering mineral composition (rlate 61),

Two types o1 striping are recognisad in the
~icrogranites of the Loch na Seil.;e sheet, The tirst
gimilar to that cseen in the Rudha tuadh sheet, is due to
the distribution o. the maric minerals and can also be
observed 1n the coarser grained varieties (Plate 62),
500 metres suuth of otac ant-Seabhaig. The second is
due to the streaky distribution ot potash feldspar and
can be seen in a few ot the thin sheets to .Lhe west of
Radnabay.

rthe mineral composition of the microgranites and
microsyenites is rather similar to those present in the

Rudha ruadh sheet, Quartz does not appear to exceed
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20% and the teldspars occur in approximately equal amounts

in rost .dcrozranites although occasionally potash feldspar
predominatecs., ihe matic minerals, which occasionally
torm clots (Plate 63), do not exceed 10% and may be
chloritized., pidote and iron ore are occasionally
recognisable, In the wmicrosyenites, potash feldspar
always predominates and together the feldspars tform about
70% by volume. Quartz forms less than 104 and the dark
min.crals between 20% and 25 7%,

Ribs of micro :ranite and granite, similar to those
present in the Rudha nuadh sheet, are common in the Loch
na seilge sheet (Plate 64), None of the examnined specimens
was granodioritic although this variety may be present,
One discordant rib contains wisps of ..afic minerals that

are continueuse. {ro.. the host 'iicrosyenite into the granite,

The :inor sadnabay sheets.

The minor 3adnabay sneets are rarely more than
5 metres thick and many are only a few centimetres thick,
The thickcr sheets can often be traced over distances of
about 100 metres, but most ot the thin sheets cannot be
traced trom one outcrop to the next, Although the
zranitic rocxs do not cut across and penetrate the host
gneisses to the same extent as the Cnoc nan Cro group,

they torm migmatites in several localities.
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Contacts, both concordant and @iscordant, with
the gneisses are com on, but chilled margins have not
been seen, They are always sharp with no evidence of
migration ot material {rom the microgranite or
dcrosyenite into the zneiss. some of the sheets contain
re'.ics ot gneiss,

The shcets hiive a rude foliation which is parallel
to that in the gneisses, Although clear examples of
folding have not bcen seen, several sheets are flexured
in the same manner as the foliation in the gneisses,

Hornblende-, biotite-, and hornblende-biotite-—
bearing microgranites form the majority ot the sheets,
while a tew are composed ot granite or wicrosyenite,
Hornblende microgranites predominate in a belt, 70 metres
wide and adjacent to the Rudha Ruadh sheet, that can be
+raced throughout the entire area, Elsewhere all the
varieties of microgranite are well developed, in this
belt are several :heets of microsyenite, composite sheets,
composed of microgranite, leucocratic microgranite and
microsyenite, and sheets of striped microgranite/
.icrosyenite, The striping of these rocks, which are
dull-red in colour and rich in potash feldspar, is
identical with that present in the gneisses, This
feature is considered to be important evidence in
support of a metasomatic, rather than magmatic origin
for some of the granitic rocks.
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A perticularly well developed granite sheet crops
out to the north-east or Loch Bad an t-Seabhaig and can
be traced from there north-westwards to near Badnabay,
1t is pegratitic in some parts, but towards the north-

west there is a diminution in grain-sicze,
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Plate 57 licrosyenite with leucocratic ribs.
There arec numerous holes in the
microsyecnite portion (plack). kicrocline
(orey)is cvenly distributed througnout

T

the speclmcn. Lear Dadnabay.

rlate 58 ricrogranite from near 3adnabay. Quartz
(¢ark grey), plagioclase (white), and
nierocline (pale grey) are evenly

distributed throughout.
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Plate 59 A sharp contact between microgranite and
microsyenite, becing parallel to the

foliation. Near Allt na Bulleig.

Plate 60 Striping in the Badnabay group.

Near Badnabay.



Plate 60



Plate 61 Grooving, parallel to the foliastion, in
a microgranite from the Loch na neilge

sheet.

Flate 62 Striping in the Loch na Yeilge sheet.
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Plate 63

rlate ok

Clots of mafic minerals in a miecrogranite

from the Loch na Seilge sheet,

Concordant ribs of leucocratic material
in the Loch na Seilge sheet. Above loch

Bad ant-5eabhaig,



Plate o4



wicroscopic Petrography

The mineraL co..position ox the rock units of the
Badnabay group is hishly variable in contrast to that
ot the Cnoc nan uro group (Table 12 ) whereas the texture
is si ilar bein; essentially granoblastic except in many
ot the granites and pegmatites where it becomes crystallo-
plastice ..any ov the grains are coated with a thin film
of haematite that rives rise to the distinctive red
colour,

Juartz, usually exiibiting undulose extinction, occurs
ac small, isolated, sub-rounded or rounded grains that may
be enclosed by hornblende, plagioclase and ricrocline,

ag interstitial grains, and as large bulbous patches that

group).

Plagioclase is oligoclase in composition, varying

Lrom An25 to An30 and there appears to be little variation
from the fine~-grained to the coarse-grained varieties or
from granitic to granodioritic to syenitic varieties.,

It may be either fresh, partly altercd, or highly altered,
In some cases, the alteration is patchy while, in other
cases, it is either confined to or mo:e intense in alternate
twin lanellae. In a tew cases, it takes the form of
minute specks that give the feldspar a herring-bone
appearance due to the opposing angles they make with

altermate lamellae, Twinning on th. albite law is
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predominant in the twinned grains, which usually fo:m
less than 50. of the total plagionclase, while pericline
twainning is subordinate, WWhen plagioclase is in contact
with microcline it may have a clear, unaltered rim or
form a myrmekitic intergrowth with quartz ( ¢f. Cnoc nan
Cro group, pp. 134-5 ). rlagioclase occasionally
penetrates an albite {lame in flame perthite.

Microcline is assumed to be the only variety of

potash teldspar present in this group, as susgested by
optic angle determinations in several grains (Table 20 }.
Although it commonly ex-1bits well developed grid twinning,
about 504 ot the grains are either untwinned or show an
undulatory wavy twinning, this percentage being lower in
the nierosyenites, lsicrocline encloses and penetrates
all other mineral constituents except aegirine-augite,
(plate 65)s Perthite, of the rlame or string varieties,
ig fairly com on and exhibits the feature described for
the Cnoc nan Cro group (pe137 e In some cases, patches
and grains of .icrocline are linked together by inter-
granular veinlets (fig. 10e),

Aegirine-augite is the pyroxene, as indicated by

its extinction angle (z™c) of 32° and optic angle of
70°%2°, 1t is brisht green and non-pleochroic and is
present only in the microsyenites where it forms grains
of about 0.5 mm in size, most of which have rounded

gmooth boundaries une bayed by other minerals. It not
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Grain type
Untwinned portviorn of grain
Twinned portion of same grain
Undulatory twinning
Untwinned grailns

Well developed grid-twinning

2Vx in degrees

78-% 3

+

30 2
79 - 84
77 = 85

80 - 84

1+ 1+
o no

1+
W

Table 20 Optic angles of microcline in the

Badnabay group.



only encloses saall flakes of biotite and small grains of

hornblende, but also cuts across both these minerals,

Hornblende, occurring as irregular or crystal loblastic

grains, exhibits two pleochroic schemes ag tollows:-

X Y Z
Yellow sreen Bluish green
Yellowish ureen Green Dark green

The bluish green variety predominates in the microsyenites
and the dark green variety in the microgranites. wxamples
ot hormnblende and biotite in close association are rarely
tfound in the microgranites, but are common in the
microsyenites, where they usually occur with epidote and
gometimes also apatite and sphene, In one case,
hornblende is almost completely rimed by epidote and is
aliuost colourless in portions marginal to the contact,
It is orten cut by both biotite and epidote. Co-exigtence
of hornblende and microcline is a comaon feature of this
group. In a few dcrosyeniies, hornblende is partly or
completely altered to a penninitic variety of chlorite.
Biotite occurs as small tlakes, usually brownish
green in colour, in the microgranites and as large, usually
reddish brovm, flakes in the :icrosyenites where they
form an intiuate association with the other maric minerals
(see above). Flakes commonly have ragged ends, but
occasionally the ends are concave towards quartz, microgline
and plagoxlase, Biotite may be penetrated or cut across
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by epidote, Plakes are occasionally puckered and may
be partly or completely altered to chlorite,

Epidote, vaiying in colour fror neutral or very
pale green to yellow (contrast Watson, 1949) is the most
widely distributed mefic mineral, occurring in almost
every thin-seciion, It forms small 1solated grains in
the wicrogranites and grains, 1 ni, Or SO in size in the
microsyenites, 1t sometimes forms a sympleatitac
intergrowth with quartz, parvicularly when in contact
with microcline, in one thin-section or microsyenite
it vorms an aggregate of grains surrounded by nuierous
zlakes ot reddish brown biotite. bpidote often partly
or couapletely rims allanite,

The accessory minerals are common to all rock types,.

but in the mnicrosyenites they form an important oart of
the rock, apatite, sphene and allanite being the most
common; Apatite, a concentration of which is often
considered characteristic of hybrid rocks (Nockolds, 1933),
occurs in two habits (1) as small, sub-rounded oval grains
that are encloscd by the feldspars and (2) as large
rounded or oval ;rains upon which soue other minerals are
moulded. Sphene also exinibits two habits, occurring as
(1) small oval granules which occur as individuals or in
clusters (Plate 66) or (2) large well-formed, wedge~
shaped crystals that reach a size or 2 mm. or more and
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ofter enclose plagioclase, quartz and microcline. The
occurrence ot allanite is similar to that seen in the
Cnoc nan uro ;roup. Complex ore uineral relationships
are similar to those described previously (p.139 ).

In one thin-section the opaque ore forms a dust-like
a.gregate,

Chlorite is the predominant ferromagnesian mineral
in several ot the Badnabay micrograrites and microsyenites.
In one micrograiite patches of chlorite with either
streaks or specks of iron ore are associated with
clinozoisite waich forms a syiplectitic intergrowth with
quartz. In the nicrosyenices chlorite sometines
exhibits the anomalous blue colours typical of penninite

and often occurs in a radial habit,.
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Flate 65 rlagioclasc penetrated by microcline.

radnabay microgranite. ( X 100 )

Plate &€ A cluster of granules of sphene.

Badnabay microsyemite. ( X 50 )






The Laxtord guartzofeldspatuites.

The Loxiom Quartzoteldspatnites, which are
preaominantly as.ociated with the Badnabay and Jeaver's
Bay gneisses, include irregularly shaped bodies that
bulze into and cut across the toliation ot the gieisses
and a phibolites and wany narrow veins that are probably
related to similar bulbous masses vhich are not visible.
The oulbous bodies often ha.e tongue-like projections
‘that may be either concordant or discordant to the
toliation or the other gneiuses (Plate 67) while many
ot the tongues appear o rade into the gneisses (Plate 88).
llany of the bulbous vodies are almost coarse-grained, a
grain-size ot 4 mm. to 5 .. being guite com .on, but
usually the associated tongues have a swaller grain-size;
up to 3 mm. There may be a thin mafic film, usually
biotite, at the uwarzins of the bodies, particularly when
they are in contact with amphibolite. The composition
varies from trondhjemitic to granitic, sranodioritic types
predominating. Often a single body is éomposed of more
than one variety ot acid material and when there is a
variation in the mineral composition of a tongue or
isolated vein, the junction between the two types is
usually parallel to the margins, which are normally

deticient in povash teldspar relative to the inner part.
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Biotite i: the waric mineral e.cept in some of
the .odies that occur in awphibolite in which case
girall amounts of hornblende are present. Quartz and
feldspar occur in varying amoun.s, but total feldspar
is never lcss than 50% nor quartz less than 20%.  rotash
feldspar may exhibit a streaky distribution and occasionally
rorms porphyroblasts 1 cm. or so in size, Except in a
few instances potash teld:zpar oc.urs in amounts greater
than 5%.

Potash feldspar so.etimes exnibits a streaky
distribution that can be seen only in stained hand specimens,
vhe distribution ot this mineral throughout the ILaxtord
quartzofeldspathites can be established only by staining
every specimen and is beyond .he scope of this work,
rreliminary studies suggest that the amount of potash
teldspar present in the quartzof«ldspathites docs not
depend on the mineral composition ot the host rock.

Lo signizicant difrerences in the reldspar content
in amphibolites compared with those in gneisses,.

of those

has been noted.
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PLATE 67

Bulbous Iaxtord quort:ofeldspathite bodr with
tongues oir materinl penetrating along and

cutting across the toliation or the host gneisses,

PLATE 68

Discordant Laxtord quartzoreldspathite (pale

grey) that appears to tade into the gneisses,

Overlay shows the chape of the boay.
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68

Plate



Microscopic setrogzraphy

The feixture or the quartzorelu.pathites is
sranoplastic and sometimes Larily cry.talloblactic,
particulariy in the coar.e-grained varieties, The
maximum grain-sice of this group is about 5 mm, As
can he zeen from the modal analyses, the quartzoteldspathites
are leucocratic (Yable 13 ) an usually contain more than
200 quartz,

Quartz, usually exhibiting undulose extinction,
occurs as grains of arisus sires and shapes, many of
the oraler grains being enclosced by the feldspars,

Large lobate grains are particularly prominent but, in
some caces, rounded nnd sub-rounded grains of quartz are
set in a network ol feldspar,

slagioclise is oligoclase in couposition varving

from An2o to An25 or ur to AnBO in some cases, It is_
often altered and ab ut 50 of the grains are untwinned,
4t contacts with :icroclin: the sare features that are
seen in the vnoc nan Yro Sroup occur, In addition
orientated inclusions of .icrocline are enclosed by
plzgiocla ;e as in that group.

sicrocline,often exhibiting srid-twinning, is

common in many of the quarizoleldspathites. 1t tends
to occur interstitially, but can occacionally be seen
penetrating plazioclace, Fla.ic perthite is sparsely
developed.
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The mafic minerals include hornblande, biotite

and epidote, which are all ysre.ent in varying anounts,
Hornblenwe is only T .und in a few of the quartzofeldspathites
that occur in amphibolites, It iz identical to the
hornblende of the hoot amphibolive and is usually

assoclated with a symplectitic intver_ rowth of quartz and
epidote. A greenish bruwn biotite is the predominant

saric mineral and is usually evenly distributed in the

rocke. Epidote occurs in small amounts and occasiunally

rims a:lanite.

the accessory minerals which include apatite,

allanite, cphene and iron ore, are sparse, They occur

in simil~r habits to those of the Cnoc nan Cro group.
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Micro:runite/trondhjemite bodies

One ot the more unusuzl features of the trondhjemites
iz the occurrence of layers ot microgranite in many of
the veins and sncets In hand-specimen quartz and total
teldspar occur in appreximately equal amounts throughout.,
Staining, aowever, often reveals a sharp contact between
trondhjerite and microgranite (Plate 69) and it is
signiticant that this ditfterence cannot be otherwise
observed since the other mineral constituents including
biotite do not vary noticeably in a .ount from
trondhjenite to microgranite, Muscovite is occasionally
present thus emphasising the clo e similarity to the
microgranites of the Cnoc nan Cro =roup. The typc of
variation often seen in a sheet is shown in fig. 19
Here the sheet clearly cuts acro.s the toliation ot the
amphibolite in which it occurs, in places tonzuing
along the foliat.on, B20ba trom thc centre of the lens
is trondhje ite, while L16 is partly microgranite and
partly trondhje.ite, the conuac being crescent siiaped,
B205¢c, trou the north-westerly sihcet, is compo.ed of
icrogranite. L14 and B205a, rrom near the margin of
the south-easterly chcet, are composed or microgranite
and trondhjemite, the contact being straight and
pirallel to the margin o: the sheet, In thi. case,
as in mo.t cases, trondhjemite occurs adjacent to the edge.
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Veins compo ed nartly of microgranite and partly
ot trondhjewite occur throuzhout the Laxiord area.
In. ariably, when iicrogranite occurs in a vein that
cuts either -neisses or amphibolites, ‘here is an
outcr edge of trondhjemite, In some veins the
micrograniice portion forms a wedge while jn other
veins the vrundh, emite contains numerous streaks

composed almo .. enticely ot potash feldspar (Plate TO).

jcroscopic retio raphy

The .inczal couposition (rable 18 ) and tedural
relationships ot the minerals in this group are similar
to those or the nmicrog.znites or the Cnoc nan Cro group

and are nolt described in detail at thi. stage.






PLATE 69

Specimen of microgranite-trondhjemite, showing
sharp contact between microzsomnmite (grey portion)
and trondhjemite (white porstion). Yellow
colour ot stained potash feldspar shows grey in

plate.

2LATE 70

Trondhjemite with streaks of potash teldspar

(grey) .
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Plate 70



kE-SW Pecmmatite pykes

The late.t phase or zranitic activaity was the
intrusfion ot #humber of wi-SW trerding vertical dykes
or pegmatite thnat probably filled late joints or fractures.
the dykes, varrying trom 20 cm. to 1.5 nmetres in thickness,
occur sporadically throughout the area, They clearly
cut the Cnoc nan Cro microgranites and associated granites
and pegmatites (for exa ple 450 metres north-west of
Lochan Glac na Larn) but they have not been observed to
cut the Badnabay sranitic group.

Th.se pezgmatites are generaily very coarse-zrained,
but often between the large cyrstals there is some
interstitial material with a -rain-size as spall as 2 mm,
They consist essential!ly ot quartz, umicrocline, plazioclase
yvith sccessory hornblende, biotite, wuscovite, epidote,
allanite and iron ore, .icrocline, sometimes perthitic,
predominates. Epidote is particularly conspicuous and
occurcs either as larse crystals, up to 3 cm. in size, or
ac nuch smaller crystals. It occasionally forms a
layer, a few millimetres thick, on the faces ot a megacryst
of .icrocline.

Contacts witn the host rock are alwvays sharp and
there is no evidence o1 a diminution in grain-size
towards the margin, Generally the negmatites contain

1arger amounta of the uatic minerals than the Cnoc nan
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Cro pegmatites and this, together with the presence ot
hornblende in some of them, suzgests that they may be

contaminated by inclusions ot host rock.
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The Geoche.:istry or the granitic rocks

The chenical composition in weight percentage,
cation vercentases, catanorm, r.esonorm, Niggli numbers
and trace-element values tor analysed specimens of the
various groups is given in Table I§

The chenical composition ot the Cnoc nan cro
microgranites is remarkably constant throuzhout the
area (Table 18§they bear a close chemical resemblance
to the late-kineunatic granites or Fennoscandia (Table 18).
The average value for the ratio K:Na is 0.9, but it may
be as high as 1.3 or as low as U.,7. The microgranites
are tyvpitied by the occurrence ot corundum (C) in both
the catanorm and mesonorm and the tact that re2 is greater than
Fe3 except tor S72 (Table 18 ). The micro ranites
generally fall w.thin the range or values given by
Eukola (1950) tor "ideal" sranites (Table 18 ) - although
Na20 is usually slightly high and K20 low, total alkali
(Na,0 + K,0) is in the correct range. The chemical
composition or thct amalysed granite is rather similar to
that ot the microgranites, except that it has the
composition of a leucocratic variety, that is Si is

2 3

higher while Fe~, Fe”, Mg ~nd Ti are lower in amounts.

The Cnoc nan Cro pegmatite shows the potassium enrichment
commonly seen in these rock-types (Table 18 ), it is
gimilar to the pegmatite analysed by Robertson (1945)

trom the roadside just north ot Laxtord say (Table 18 ).
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A plot of Na azainst X for the group brings out
the trend tromn .icrogranite to vegmatite (tig, 20 ).

Analyced gpecimens or the Badnaba:r sraup show a
considerable variation in chemical composition, being
divisible into tour distinct tvpes: (1) microzranites
(2) microsyenites, (3) granodioritic varieties and (4)
leuco=~uicrogranites, In the microsranites the ratio
K:Na varies rrom about 0.7 to 2.2 while a plot ot Na
asainst K has a linear trend converging on that tor the
Cnoc nan Cro ;roup at the higher values or K (fig. 20).
The range of values o. K fo: the Badnabay microzranites
is simlar to that exhibited by the Cnoc nan Cro group
taken as one unit, A number ot the sicrogranites have
a composition similar to that >t the "ideal" granite
defined by ..skola (1950), but these rocks are not similar
to the late-kinemetic granites. the chemical compositton
ot the dcrosyenites cannot be related to that of the |
nicrogranites, the low values ot Si, the high values
or K, P end Ti, and the ratio Ca:K being distinctive
in the tormer types, A plot or wna against K tor the
rnilcrosyenites emphasises the relative constancy or the
value ot K, although tnhne ratic K:Na varie. isrom 2.1
to 4.4. The granodiorites ex.ibit a ratio K:Na wanging
rromm U.22 to 0.45, out othcrwise closely resenble the
leuco-micro ranites (Table 18 ).,  Both types exnibit
low values tor rez, Fe3, ug and Ti while Si values are

notaply higher than for tne .:icrozranites,



The Lex{tord quaritzofeldspathnites exhiopit higher
values for Si and lowver valucs for reg, Ee3, Lig and K
relative to the Cnoc nan Jro microsranites, thus tending
towards a leucocratic, sranocioritic compo.ition.

The chemical composition oif the icr zranites from
the microzsranite/trondhjemite bodies is closely similar
to that of the saue rock types trom the Cnoc nan .ro
sroup (Table 13 ).

The czlesents P and F chow rather interesting
variation: from one group to the other and are described
in more detail later (pp.253-4.

Flots of i :1i numbers ali azainet si (fij.ava)
and all against ¢l (£i .2CL) bria;; out soze oi The

difTercnces between tie cranitic roups.
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The Juartz-Albite-OUrthoclase diagram

The system quartz-albite-orthoclase-water has been
studied experimentally by Tuttle & Bowen (1958) with
retference to the orizin ot granitic rocks. It was
shown that minimum cryctallization takes place with
quartz, albite and orthoclase crystallising together at
te peratures varying from 760°C to 640°C at vater vapour

2 to 4000 ko/ecme.  Above

pressures var-ing from 500 kg/cm
pressures ot 3600 kg/cm this minimum becomes isobarically
a ternary eutectic and as the water vapour pressure
increases, its composition moves towards the albite
apex (Tuttle & Bowen, 1958, p.74). This suggests that
if granitic rocks, sensu lato, were formed largely by
crystallization ot quartz, albite and orthoclase at a
ternary minimum 1rom a granitic magma containing a
relatively low water content, then their composition would
correspond with the minimum composition at low water
vapour pressures. Therefore, when the analyses of such
rocks are plotted on this diagram they should lie at or
near the termary minima tor various water vapomr pressures,
Conversely, a wide scatter of plots may, but do not
nececssarily indicate that the analysed rocks are non -
anagmatic.

Plots, based on the catanorm and mesonorm, of the

Cnoc nan Cro and Badnabay groups and Laxtord

quartzofeldspathites are shown in fig.?21 . Briefly,
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the Cnoc nan Cro microzranites and sranites plot near
the isobarlic termary minima for various water vapour
pressures vhile the Cnoc nan Cro pegmatites plot near
the orthoclase apex., The 3adnabay zroup snows a wide
scatter ot points, 1ew of which rall near the isobaric
ternary minima, The Badnabay icrogcyenites plot near
the quartz sideline and ftowards the orthoclase apex,
Ot the Laxi0.d gquartroteldspathites two analyses

(L78 and L76) plot ncar che isobaric termary minima
while the other two anlyscs (L74 and L213) plot on the
quartz-alvite side of that line, The cignizicance or

th se resulis is discussed loteyr
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Trace ele-ents

Ut the 'race elements deterrined, only Co, wa, Li
andé v have .2lues witain the range quoted by Clitrord
and others (1962) ror sranites from various parts ot the
world, They also suggest values or 200 p.p.m. zor
Kb are unusually low and such valucs occur in almost
every microgranite of the Laxiord area, Ba and Sr
show notably aigh valucs and it appears that a value tor
Ba ot about 3uU0 p.peii. can be used to diotinguish the
¢noc nan Cro and sadnabay groups, leucocratic varieties
beinsg exccpteu. “hile the higher values or Ba appear
v0 be relatea to the higher values or K it should be
noted that in the Cnoc nan Jro pegmatite the value for

Ba is only 1585 p.p.m.
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Distinguishinz vTeatures or vhe granitic sroups

w05t or the reatures that can be usea to distinguish

the Cnoc nan Cro »roup trom the Badnabay croup have
alrendy been descriped, For convenience they are now

summarisea in tabular torm (Table 21), The Laxford
quartzotieldspatnites are pest distinguished from those
two groups in the rield, vhere their bulbous, discordant
and tingering nature is readily seen, In addition, they
are leucocratic, often coarser grained than the micro-
granites and commonly granodioritic, The microgranites
of the :icrograrite/trondhjemite veins and sheets are
not readily distinguishable in the field except when
the specimen is staincd. Although these rocks are
egsentially si ilar to the Cnoc nan Cro microgranites
muscovite is usually sparse or absent. The nE-SW
pegmatites dykes are readily identit'ied in the field.

While this division of the granitic rocks is

valid in that the groups show notable differences, this
does not preclude a genetic relationship (see later).
There are a number ot si ilarities, particularly textural,
that support this sugzestion. wror example, no difference
in the rarzge otf optic angles could be established between
the .icrocline of the Cnoc nan Cro and Badnabay groups,
perhaps indicating that this .ineral formed under similar

physical conditions in both cases,
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composition,
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ranges of composition

NALN CRO LADNABAY .

microzranite granite pegmatite microgranite microsyenite leucomirrogranites granodiorites
51 51.39-67.79 53.52 65, 2-57.04 62.30-564,51 47.61-57.6U 67.28-69.45 67.28-70.01
A1 15.90-17.74 16.00  16.05-16.75 16.00-17.40 11.87-15.12 15.53-15.60 15.73-16.56
N OBk U.03-C.48  0.59-1.05  1.16-1.67 0.26-0.75 0.U9-0.26
we?  0.39-1.25 .09 C.21 O0.44-0.83  2.06-3.27 0.25-0.32 0.20
hg C.00-1.57 0.45 C.2P-U.55 C.44-0.83  2.93-10.69 0.10-0.33% 0.17-0.29
Ca 1.07-1.58 1.54 22-0.40 1.63-2.46  4.57-10.07 1.46-2.04 0.84~1.61
"a 5.50-3.21 5.55 3. 40=5, 54 4,5%=8.57 2.00-4,12 6.04=7.49 9.83%-10.05
k. 5.22-7.28 5.75 9.70-%..C7 5.91-9.81 8.39-9.u6 5.65-6.52 . 2.18-4.63
oi C.ul=u. 50 0.U% U.ol U.22-0.31 0.53-1.3%6 0.06-0.16 0.01-0.05
= C.u2=.08 el 0..1 0.0.3-0.17 0.85-2.43 0.02-0.03 0.01
e C. 1-C.2 .01 0.ul U.ul=U.U3 UeU5-0.U7 0.01-0.01 0.01
Averages

CNOC NAN CRO sADNABAY

micfogranite pegmatite microgranite microsyenite leuco- microgranites granodiorites
si 56.85 66.68 65.65 52.79 68.%8 - 68.65 .
al 15.84 1640 16.64 13.99 15.56 16.15
e 0.56 V.26 0.77 1.51 ' 0.50 0.18
Fe’ 0.80 0.11 0.68 2.40 0.28 0.20
g V.88 U.38 1.41 6.61 - 0.22 - 0.23
Ca 1.38 V.34 2.02 6.72 .75 l.22 -
Na 6.78 4,49 7.13 3.04 6.77 9.94
K 6.03 11.38 7.35 8.81 6.08 3.4
i .23 U.ul 0.27 0.89 0.11 0,03
P 0.06 0.01 0.12 1.31 0.02 0,01
Mn 0.01 0.01 0.02 0.06 0.01 0.01

Table 180b

main granitic groups.

Ranges of composition and averages for the two



V. iHE URIGIL ahD DEVELOPMENT OF 1THo COLPLiA

The rocks under discussion in this thesis 1lie
entirely within the Laxtordian complex as defined by
Sutton & Watson (1951). The origin ot this complex
has recently been the subject ot several controversial
discussions (Dearmley, 1962 and rark 1964), Since
the Laxtord area can be considered as the type area
tor the couplex the conclusi ns reached in this thesis
are relevent to the present controversy regarding the
Laxtordian coc.plex. Hoever, it must be emphasised
that these counclusions are based on research in the
Laxtord area only and it is considered unwise to
extend the arguments to the Laxtordian complex in other
parts ot the uorth-ve.t Highlands.

While there is evidence ot more than one period
of rolding and metamorphism the characteristic features
ot the complex are Laxtordian in age. 1the Laxfordian
m~etamorphisn, vhich occurred about 1600 m.y. ago
(Giletti et al., 1961) has obscured all the textural
and ost or the sineralogical and structural features
ot earlier retarorphisms, the details of which can,

theretore, be uaiscussed in only general terms.
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;each and others (1907) have dividcd the Lewisian
rocks ot the worth-west ligalands into (1) a Fundanental
Complex, (2) a ueries of ctasediments and (3) a number
ot later intrusions, in tne Laxtord area, these authors
would 1sclude the tour groups of gneisses (see Jhapter 2),
the metapcridotites (vee pp. 74 - 75) and some of the
garnet-pyriclasites and a.phibolites (see pp. 81 - 94)
in the rundamcntal Coiplex. they .roup the later
intrusions into a basic and uttrabasic series, an
intermediate series and a later acid series (Peach and
others, 1907, p.36); these are tentatively equated with
nwany of the a phibolites, the metadiorites and the
granitoid rocks respectively in the present study.

The gneisses and early igneous rocks described bn
this thesis can be equated with those components of
the Laxfordian Complex of .atson (1951) that pre-date
the granitoid rocks.

The ori-ain ot the Lewisian Complex in the Laxriord
area has been discussed by the Geological Survey (Peach
and others, 1907) and Watson (op. cit. ),while Kutter
(1953) reached certain conclusions on the origin of the
granitic rocks, Hitchon (1960) on the pegmatites, and
powes, .right and rark (1964) on certain layered basic
and ultrabasic bodies. The more significant conclusions

of these authors have been summarised in Chapter 1,

(pp. \-7) -
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THo ORIGIK UF “H. LEILJES

Gneissic terrains rnay represent toliated »Hut
unreta sorphosed igneous rocks or nighly metamorphosed
igneous or sedimentary rocks and there is often
controversy over their interpretation. Hor exauple,
ccertain gneisses of the Svecofennides of rennoscandia
are interpreted by Siionen (1948, 1960) as representing
a series of plutonic intrusions that penetrate pre-
existing gneisses and later develop a gneissosity,
whereas Ii:rmo (1962a) considers that the same gneisses
predominantly repreéent a metamorphosed sedimentéry
szquence.,

In recent years ost gneissic texzéins have been
considered to represent -etamorphosed sedimentary
gsequences (Deitrich, 1963). In many cases, such an
origin has b.en established following the recognition
ot intercalated bands of undoubted sedimentary origin,
ror example marbles «nd graphite schists (Marmo, 1962b;
Engel & En;el, 1960). In other cases metasediments
have been traced through increasing metasomatism into
gneisses (Park, 1964),

Previous workers in the Laxford area do not
produce any conclusive evidence in ravour of either
a sedimentary or an igneous origin tor the gneicsses,
the Geological Survey favour an igneous origin (Peach

and others, 1907) although ‘eall (op.cit., P.65) su3gests
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that gneisses, in which biotite is the predominant
terromagnesian mineral, may represent metamorphosed
grits whose sedimentary characteristics have been
obscured. watson (op.cit) concludes that the gneisses
of the Laxtord areca are reconstituted Scourian gneisses,
ror which she considers a sedimentary origin to be more
likely. Hitchon (1960) _tates that the Laxtordian

pegmatites inirude orthogneisses, but produces no evidence

to support this statement.

A hypothesis on the origin ot the gneisses can be
produced only it all the available field, petrographical
and geochemical data are used in conjunction, Evidence
trrom one source alone is considered to be insurticient
in the present case,

The chemical composition or the gneisses ox the
Laxiord area 1S siuilar to that oL gneissem trom vamious
parts or the world, most ot which are considered to
represent uetaseaimentary rocks (ct. Wahlstrom & Kim, 1959;
growder, 1959; sarma 1962b). The gneisses are very

closely similar to gneisses rrom Seirra Leone (Marmo, 1962b)

S menen ) 1940
and Fennoscandia (Merme5—+956) - see Table /3, The

gneisses .re cranodioritic or tronuhjemitic in nature,

the high Na:K ratio being dist.nctive,
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nowie (1955) considewrs that it a series or analyses
fall on reasonaply s 0oth curves when plotted on
trianzular variation diagrams ox (Fe2+Fe3), Mg, and (Na+K)
and B8a, ha and K, the analyses represent rocks that zowm
part ot an igneous series, The analyses of the Loch
Laxto~d gneisses when plotted on the triangular vamiation
diagram of (Pe’+Fe), Mg and (Na+K) (tig. 5b p.t3 ) show
a linear relationship. Vihen plotted on the triangular
variation diagram or Ca, Na and K (fig. So p. (5 ), the
analyses show a random scatter, This method of approach,
therefore, gives conflicting evidence which cannot be
used to support conclusively a magmatic origin for the
gneisses, A chrracteristic teature ot a magmatic
granodiorite is considered to be a low Mg: (Pel+Fe’)
ratio, usually around 0.5 or less (Mercy, 1960). The
Loch Iaxtord granodioritic gneisses have a Ng : (Fe2+EeB)
ratio which varies trom U.75 to 1,65, the ratio showing
1ittle variation from group to group (fig. Lka p. b3).
This suggests that there has been no iron enrichment in
the gzneisses, an essential feature of fractional
crystallization, according to Mercy (op.cit.). In
addition, the lack ot correlation between Na and K
appears to be inconsistent with fractional crystallisation
ot a m-gma (ct. Mercy, op.cit.), One teature that does
gupport crystallization trom a melt or crystallization
under conditions of equilibrium is the high degree of
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linear correlation between Mg and F32+Ee3 (tig. La),

This, however, may also be explained by the recrystallization
ot a mineral in which the ratio was previously tixed,

tor exauple, zranulite facies pyroxenes, Thus, the
geochemical data tor the gneisses are not entirely

consistent with a magmatic origin.

Althoush tield evidence is rather gscanty, the
presence of 1laggy, striped quartzites and epidote-
plagioclase¥e-quartzites and occasionly quartz-plagioclase
rocks with layers rich in magnetite suggests that certain
gneisses, at least, are metasedimentary in origin.

The mineralogical composition or the gneisses also
has an important pvearing on their origin, Hornblende,
biotite and epidote are the principal mafic minerals
and the gneisses have been divided into groups partly
on the basis ot their distribution. Watson considers
that biotite is indicative of an intlux of potassium
(Watson, 1951, pp. 290 - 291), However, the present
study suggests that the presence ot biotite in the
gneisses camnot always, or even in the majority of cases,
be used to indicate that hornblende has been altered
during potassium metasomatism because in many cases,
where hornolende and microcline occur in Juxtaposition,
the tormer mineral appears to be stable (p.55). The
presence or hornblende or biotite in the gneisses may,
theretore, depend on the relative amounts ot chloritic
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or scricitic material respectively in original meta-
sediments, althoush the Ca : K ratio does not confirm
this suggestion. rurthermore, tfrom an examination or
the analyses tables, it would appear that there is no
simple relationship between percentaze of K and
perccntaze ot biotite, The highly veariable mincralogical
composition ot alternating layers of the gneisses can
best be ascribed to original ditterences in sedimentary
layers accentuated by metamorphic processes,

As mo .t ot the evidence is not compatible with
a magmatic origin tor the gneisses, it is concluded that
they are medasedimentary in origin. Lhe gneisses appear
to represent meta.orphosed greywackes tor the tollowing
reasons: -
1. Greywacke is the sediment that requires least
addition and subtraction of material tp produce gneisses
with the chemical composition or the Laxtoird gneisses
(cz. wable 13 ).
2. The chemical compositions of all analysed gneisses
are rather similar, suggesting that the rocks in question
are the rzsult of the metamorpnism of sediments oz
gimilar composition, 1his is particularly true when
ratios o. elemeuts are considered,
3. The gneisses represent a great thickness ot
metasedimentary rocks and thick, monotonous sequences
or greywackes are common.
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altiouh the choice of grey.ackes minimises the
amount ot metasomatism necessary tor the development
o+ the gneisses, it 1s quite possible that the same
rocks could be produgced from other sedimentary types,
tor example, pelites (cf. Marmo 1962a). When the
chemical composition of the lLaxtord gneisses is compared
with the averaze composition of greywacke quoted by
Pettijohn (1957) (fable 1% ), it is clear that some
movement ot material would be reguired to transtorm
the latter into a Laxtrord gneiss, Si, Al, Ca and Na

2+

would have to be added and te” ", Lig and K cubtracted,

Although the use ot the "average composition ot greywacke”
has recently been criticised (see discussion in Butler,
1965) its ucse here seems justified, being preferable
to choosing one particular greywacke and teruing that
rock the parent,

Using the average chemical composition of
greywacke to indicate that the Laxtordian metamorphism
was allochemical can also be criticised, However,
the lack of correlation between na and K supports the
relative niovenent ot these two minerals and attests to,
at least, 1local metasomatism (cf. Nercy, 1960). An
alternative h 'pothesis is that the gneisses are the
products of direct, isochemical recrystallization ot
greywackes ot the appropriate chemical coiposition,
put there is a scarcity of greywackes of the required

composition (see Pettijohn, 1957).
aan



In the laxtord gneisses wna increases relative to
both metagreywackes and Scourian gneisies sugjesting
that sodium metasomatism has occurred. Sodium
metasomatism during a metamorphic episode in which
there was sutficient time 1or chemical equiliorium to
be established, would account ror two important
teatures ot the gneisses, that 1s (1) the approximately
unitorm aisteibution or Wa and (2) the very small
variation 1n the anorthite content of plazioclase,
Sodium metasomatism may also account iLor the trondhjemitic
trend 1n the gneisses, as suggested by the analyses
(0o bl )e Porphyroblasts of plagioclase, attesting
to at least local movement or Na+, although present in
a number of gneisses (Plate /1 ) are raiher ancommon.

P:.tassium metasomatism oxr the gneisses is indicated
by two characteristics: (1) a general increase in the
amount ot K relative to Na, as seen in the ueaver's Bay
and Laxfo.d Bay gneisses and (2) a local increase in
potash 1eldspar, K% increases with increasing Sike in
many of the gneisses and this granitic trend appears to
complement the trend towards a tronuhjemtic composition
(rig. 7 ).

The introduction oir K into the gneisses is
indicated partly oy the development ois piotite trom
ho:mblende and particularly by the prominence ot
micisocline 1n many o. the gneisses, \VWhere microcline

- 182 -~



abuts azainst plagioclase sodic rims to the latter are
often observed and in certain cases myrmekite is
present within plagioclase, sicrocline is aften of
the flame perthite variety., The origin or the sodic
rims, the albite flaies and myrmekite are considered
in a later section because similar features are also
present in the granitic rocks,

A notable feature of the chemistry of the gneisses
is that the Claise Fearma and Badnabay groups can be
distinguished trom the Weaver's Bay and Laxtord Bay
zroups on the basis of the Na : K ratio, a value of
5.5 : 1 marking the division, Although this division
has not been substantiated statistically, an examination
ot stained hand specimens suggests that K, in the form
ot biotite and potash teldspar, is higher on average in
the weaver's Bay and laxtord Bay gneisses, particularly
the latter, than in the Claise rearna and Badnabay
gneisses. However, within the two last-mentioned groups
there are gneisses rich in potash feldspar (for example,
p. 37 and Plate 7 ), some being termed striped
microgranites (p.!5/ ). Porphyroblasts and streaks of
potash teldspar are considered as evidence supporting
at least local potassium metasomatism,

Sodium metasomatism has affected all the gneisses,
whereas potassiu:. metasomatism has been localised, many

gneisses showing no evidence of the latter metasomatism.
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The Laxtord gneisses are associated with basic
and ultrabasic rocks that contain relict granulite
facies (= EBarly metamorphism) and upper amphibolite
tacies (Z Laxfordian) mineral assemblages (see pp. 195-6).
Thus it can be concluded the gneisses contained granulite
facies mineral assemblages prior to the Laxtordian
metanorphism. The present mineral assemblages attest
to the retrograde, hydrous nature ot this metamorphism
because biotite and hornblende with lesser amounts ox
epidote are the matic minerals.

Thus, the gneisses of the lLaxtord area are considered
to have developed trom a greywacke parent through
metamorphic and metasomatic processes. There is
evidence that an .arly, granulite facies metamorphism
was rollowed by a later, amphibolite racies metamorphism,.

The mechanism involved in the formation ot the
streaks and stripes ot the gneisses is extremely
dirricult to establish. wveitrich (196C,a,b; 1963)
in a serics ot papers, considers that banding represents
original compositional dirferences in most gneisses,
banding in Deitrich's terminology being equivalent to
gtriping in the present usage. He postulates that
the original bedding is usually indicated by the bands
(= stripes) and toliation. It is possible that striping
igs due in this instance to original compositional

dirtrerences in the parent greywackes, possibly retlecting
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variation., i1n the relative amounts ot chloritic and
sericitic uaterial,

IZngel & Engel (1962a) have shown that metamorphic
dirferentiation is a very important process in rocks
reconstituted above the epidote-amphibolite tacies.

.afic metasomatism accompanics metamorphic ditferentiation
and produces alternating layers or maric-rich and mafic-
poor stripes.

In tne gneisses or the Laxtord area, particularly
those of laxiord Bay, the mafic minerals often form
clota, pods or lerses, North or Laxford Bay flattened
hornblendic pod. predominate in certain layers of the
gneisses (p. bb). In the absence of a dominant structural
control it seems likely that the segregational process,
whose .nechanism is unknown, results in the occurrence
of such clots, pods and Lenses of mafic minerals.
dowever, if this process occurs under strong structural
control, s.riping is more likely to develop as in the
Badnabay gneisses., Again the presence of this structural
corivrol may result in the development of streaks rather
than clots ana leuses oY potash teldspar during the

phase ot potassiwa metasomatism,
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tne of ‘he rore .igniticant reatures of the
gneisses is the distribution ot epidote which is
particularly prominent in the .eaver's Bay and
Laxtord Bay gneisse: (p.49). There appears to be
at least two generations ot epidote, as shown by
the dirtering birerringence schemes exhibited by what
appears to be one grain, Furthernore, different
pleochroic schemes occur, A second generation ot
epidote probably acc unts ror the develonment of
quartz-epidote _ymplectites that fringe normal epidote
(Plate 21 ).

Epidote may form through a process ot
saussuritization of the anorthite molecule of plagioclase
(ef. parth, 1952), This process requiresthe introduction
or redistribution or iron, However, it is thought that
epidote is primarily a metasomatic mineral, forming -
as one of the breakdown products of hornblende during
potassium metasomatism. Epidote, biotite, hornblende
sphene and apatite are orten found in close association
in the Laxtord gneis:;es and may be the result or the
decomposition by either ot the 1ollowing reactions:-

1. hormblende + potassium + water->biotite + epidote
(+sphene) (+apatite)

26 hornbiLende + water-»epidote + chlorite + quartaz.
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The second reaction can be observed in several gneisses
where a transition alonz the tollowing lines can be
seen: -

stongly coloured green hornblende-»pale coloured green
nornblende >quartz - pale zreen hornblende symplectite —=>
quartz - epidote svmplecuite,

Teall (1907, p.61) considers that epidote is an
original constituent whereas, in this thesis it is
thou ht to be a secondary and metasomatic mineral,
Further evidence in support ot a metasomatic origin
for evidote comes trom the tact that this mineral often
partly or completely surrounds allanite which is rarely
present in sediments (Pettijohn, 1957) and has not been
described tro. ocourian gneisses, Allanite and
therefore epidote formed during the Laxfordian metamorphism,

while quartz-epidote sympectitic intergrowths are
probably best explained by a process of simultaneous
growth, the comion occurrence ot such intergrowths in
contact with microcline suggests that other factors may
be involved.

The Laxtordian metamorphism has produéed textures
and mineral relationships that vary from group to group
(pp.48 - 59). The general increase in grain-size and
absence of polygonal grains in the gneisses that crop
out in the north-eastern part of the area indicates an

increase in the degree ot post-derormational re-
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crystellication in this direction, there is evidence
that this is ascociated with the occurrence ot late:
iniersranular fluids, The texture of the Claise Fearna
gneisces suziests that recrystallization tollowing the
nain phacze of derormation is limited in this group.

The interstitial and enveloping habit of potash
feldspar together with its occurrence as thin films
indicates ‘he tormer presence of late potassium-bearing
in-=rstitial fluids and is seen in all zroups of Zgneisses,
The seriated ..argins at plagioclase-quartz boundaries found
in some Badnabay and \ieaver's Bay gneisses (p.5| ) are
thought to be a metasomatic feature indicating the
former presence oI an interstitial fluid, the serrations
beinz produced by the activity of silicon along certain
preterred directions (cf. Gates & Scheerer, 1963).

Sutured boundaries and mortar structure in many
ot the gneisses (p. 5/ ) are thought to indicate a post
crystallisation detormation in the gneisses as does
undulose cxtinction in most of the quartz grains,

In suvm:ary the Laxtord gneisses represent
greywacies that have suftered at least one period of
granulite tacies netarorphism rollowed by a hydrous,

amphibolite racies metamorphism,
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TH., EaRLY IGLEQOUS RUCKS

The early igneous rocks recognised in the Laxford
area are veridotites, pyroxenites (or hornblendites),
alkaline and tholeiitic basalt types, anorthosites
and diorites,

he Ultrabasic rocks.

wetaperidotites of the Laxtord area have not been
analysed. Bowes et. al., (1964) state that the ultrabasic
(metaperidotitic) rocks in this area occur as small
isolated masses, In some cases it has been found that
garnet-pyriclasites and certain amphibolites occur in
close proximity (ppe. 71-72 ) althoush an actual contact
has not been seen, For this reason the metaperidotites
are considered to torm part ot a peridotite-gabbro=-
anorthosite suite similar to those described by
Dearnley (1963) from South Harris and Bowes et al. (1964)
+ron the Scourie-Lochinver district.

In the relatively unaltered metaperidotites prominent
mineralogical layering is present, similar to that
interpreted as primary igneous mineralogical layering
by Bowes et al (1964). In those that have suftfered an
extensive hydrous metamorphism mineralogical layering
is apparently absent, ‘'he vertical nature of the
mineralogical layering of the metaperidotites is
attributed to NW-SE fold movements or Laxrordian age

by Bowes et al. (1964).
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H rnblendites occur as isolated bodies or in
proximity to metaperidotites, garmet pyriclasites and
certain amphibolites. in the lat.er cace they may be
considered to form part ot the peridotite-gabbro-
anorthosite suite (cf. Bowes et al., 1964, p.161).

In the tormer case they mnay represent parts of the same
suite that have beco e detached either prior to final
emplac:ment or during a post-consolidation phase. There
is no evidence either that they originally crystallised

as hornblendites or that they represent pyroxenites

that recrystallised as hornblendites during the Laxfordian
metamorphism,

The s:all pods and lenseswof hornblende are
considered to have been formed by metamorphic segregation
( pe 185 ) but this mnoae or origin is discounted for
the larger hormblendites mainly because of their size
and clo: e association with other basic and ultrabasic
rock types.

Certain metaperidoties have an olivine-orthdpyroxene
mineral assemblage that appears to indicate a former
granulite-facies metamorphism. However, they have
gurrered a retrogressive, hydrous (= Laxrordian)
metamorphism which has produced tremolite-actinolite-
chlorite-iron ore rocks and phlogopite~tremolite~chlorite-~
iron ore rocks as end products, in the tornation of which

geveral intermediate stages are seen., The former group
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probably represents an approximately isochemical
transfo.mation, apart trom the adaition of the hydroxyl
molecule, whereas the latter involves an allochemical
transro-mation with the aadition or potassium and the
hydroxyl molecule, Relict granulite racies mineral

asse .blages indicate that portions or the metaperidotite
have resisted the retrogressive metamorphism, Ultramazic
rocks are now represented by hormblendites or biotite-
rich rocks in snear zones that tacilitated the introduction
of potassium. Watson (op.cit.) suggests that hornblende
and biotite predominate north of Laxford Bridge whereas
biotite and actinolite predominate to the south,

Present investigations show rocks bearing those mineral
varieties can be Tound at various localities throughout

the area,

The garnet-pyriclasites and amphibolites,

It iz dirsacult to establish conclusively a mode
of origin ior a phibolites, the more so as the intensity
or metamorphism and metasomatism increases, Walker
et al. (1960) have t..ed several methods in an attempt
to determine the origin or all the amphibolites 1.rom
North-western Queensland and, although no method was
entirely successtul, they conclude that amphibolites
unatzected by metasomatism have certain chemical
properties, in particular their trace-element content,

that can be considered diagnostic or basic igneous
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Out er Hebrides car be classizied as metatholeiites and
garnet-pyriclasites ot the Scourie district as metagabbros
(cf. Bowecs et al., 1964),

Since the amphibolites are (1) chemically similar
to certain groups of igneous rocks (2) do not exhibit
any sedimentary reature and (3) are often closely
asgociated in the tield with other meta-igneous types,
namely mectaperidotites, plagioclasites and garnet-
pyriclasites, it seems probable that they represent
meta orpho:ed igneous rocks, However, it has been
suggested by .alker and others(1960) that a very low
TiOZ content and the presence of scapolite may indicate
a sedimentary origin for the amphibolite, B412 is
guch an amphibolite but, as sedimentary rocks rarely
have am high Cr and Ni values as those or B412 (Table 14)
it is concluded that this specimen is more probably
igneous, its high Cr content su gesting that it is an
early differentiate framthe parent alkali-basalt magma.

Some of the amphibolites are discordant and such
evidence mav supporst an igneous origin, However,
Engel and Engel (1962 a ) describe minor discordances
at gneiss-amphibolite contacts, suggesting a tectonic
origin for them and it is possible that many of the
discordances in the Laxtord area originated in the same
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Gernet-prriclasites from the Laxford area have
not been =nalysed. At this stage they are tentatively
correlated with similar rocks rrom the Scourie district
and, theretore, ter:.ed metagabhros. lhe possibility
that these rocks are .etatholeiites is or great
signiticance and is dizcu.sed later (p.205). L12, L15
and B412 contain a pale green, non-pleochroic augite and
in thi. thesis the pyroiene-bearing amphibolites are
regarded as the amphibolite tacies equivalents of
zabbroic rocks vhile the zarnet-pyriclasites are the
granulite tacies equivalents, Certain garnet-pyriclasites
are tlanked or enclosed by amphibolite. It seems
probable that the zabbroic types were transformed
+ir.t 1nto zarmet-pyriclasites under granulite zacles
conditions (= early metamorphism) and later, partly or
completely, to amphibolites (metagabbros) by a
retrosressive amphibolite tacies hydrous metamorphism
(2 laxfordian). The metagabbros of the lLaxford area
are similar to the metagabbros of the Outier Hebrides
(Dearnley, 1963) and of the scourie district (Bowes et al.,
1964).

The chemical compositions expressed as weight
per cent norms and trace-element contents of the three
meta-tholeiites (L50, L77 and B355) are remarkably
gimilar to those of the Scourie dykes analysed by
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O'Hara (1961a) and 3urns (1958) (Table 14 ) and probabl-
represen’ the netarorphosed equivalents of the Scourie
dyke suite ot Sutton & Watson (1951). They are also
similar to the dyke rocks from the Outer Hebrides
(Dearnley, op.cit,).

Asswiin; that metasomatism has played only a
minor role in the development of the amphibolites
(c.t. Leake, 1964) and ;sarnet-pyriclasites, it can be
concluded that these metamorphic rocks are representatives
or two suites ot basic igneous rocks; they are either
meta-zabbros or meta-tholeiites., the present mineralogy
and chemistry of these rocks is the result of the
Laxfordian metamorphism,

The mineralogical relationships indicate that the
metamosphism tirst produced a granoblastic, in some
cases garnetiferous, hornblende-plagioclase rock, but
a phase of more intense (= Upper amphibolite)
metaiorphism resulted in the formation of a pale-green
augite that replaced and enclosed hornblende in a
number of amphibolites. However, the widespread
occurrence or epidote-oligoclase assemblages in the
acid gneisses suggest that epidote-amphibolite facies
conditions prevailed during the latter stages of the
Iaxtordian meta.orphism, Scapolitization appears
to have aftected the pabbroic amphibolites but not

the tholeiitic varieties,
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Chemically and mineralogically the amphibolites
are similar to those trom the North-west Adirondack
Mountains as described by Engel & Engel (tor example,
1962 8). The main mineralogical dirterence is that
the Iaxiord amphibolites tend to be slightly more
sodic. Engel & En:el (1962a) suggest that the nineral
assemblaze zreen hornblende-andesine-quartz-ilmenite
is stable at 525°C and that a pale green, apparently
nonpleochroic clinopyroxene tirst appears at 55000
(Engel, kngel & Havens, 1964). It appears possible.
that similar te peratures were attained during the
Iaxrosdian metamorphism although the more sodic
plagioclase may indicate the occurrence ot a temperature
ot less than 500°C on the assumption that plagioclase
becomcs more sodic as the temperature decreases (ctf.
Engel & Engel, 1962a), It is signiticant that the
appearance ot a pale sreen clinopyroxene coincides
with the disappearance ot quartz, indicating that
quartz decreases with increasing metamorphic grade

(c... .ngel & Engel & Havens, 1964).
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e Y mmd s

The Cnoc nan Cro gneisses, consisting o. striped
muscovite and/or scapolite-bearing rocks, form a distinct
belt and reprcsent the main deveLopment ot plagioclasites.
As no'ed by wdwards and saker (1954) regiomal scapolitization
must oe rather unusual for i1t is rarely described in
the litera.ure, Jhile the scapolite-bearing rocks ot
the Laxtord area cannot be described as regionally
developed thelr thickness ana extent makes them locally:
important, Purther exaniples o. scapoiite-bearing rocks
have been describea by wvavidson (1943) and Dearnley (1963)
trom the Outer Hebrides,

Othexr plagioclasites in the Laxford area usually
occur (1) intecrbanded with amphibolites (2) as the
felsic conponent of striped amphibolites and (3) as felsic
streaks in amphibolites,

The several .odes ot occurrence of the plagioclasites
suggest that these rocks have originated through more
than one process or a combination ot piocesses,

A high alu.ina content is a feature common to the
five analysed plagioclasites and probably to all
plagioclasites. The only possible sedimentary parent
is a residual, alumina-rich clay, but it is unlikely that

such a clay could accumulate in the same sedimentary
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environment as sreywackes (see pp,179-80 ). These
plagioclasites are, theretore, more likely to be

either isneous or mctamorghic in origin,
pavidson (1943, p.89-90) describes the anorthosite

gneisses ot South Harris as consisting "essentially of
a glassy plagioclase, sometimes in part replaced by
scapolite", with variable amounts ot terromagnesian
mineral constituents, As the latter, particularly
pyroxene, garnet, and hormblende, increase, the
anorthosites :-ass into rocks that "might be better
termed teldspathic metagabbros". A similar range in
the proportions or telsic and matic mineral constituents
is seen in the Jnoc nan Cro gneisces. In addition the
striping, which varies from 1 m., or so to several
centimetres and, by including the interlayered
amphibolites, grades into banding, is similar in both
series of gneisses (c.t. pPe97 and Dearnley, 1963, p,282),
An important ditterence between the South Harris anorthosite
gneisses and those of Laxtord is to be tound in the
anorthite content ot the plagioclase, The plagioclase
from South Harruis lies in the labradorite-~bytownite range,
var ‘ing from Ang, to An74 (Dearnley, 1963, p.264) whereas
the plaginclase trom Laxtord lies in the andesine range,

varying trom An32 to An37. Another difference is that
the ferromagnesian mineral constituents are represented

predominantly by hornblende, epidote and biotite in the

- 198 -



Laxtord arca, Both these difterences probably reXlect
variations in the metamorphic tacies, for the anorthosite
gneisses of _outh Harris are granulite tacies rocks
(Dearnle -, 1963, p.293) vhereas in the Laxtord arca the
plagioclasites are aiphibolite facics rocks.

The che ical composition of the Cnoc nan Cro
gneisses is similar to that ot the anorthositic gneisses
or s>outh Harris, except that the former gneisses contain
raiier more FeO, Fe203, 50 and K,0 (pd03 ). The amounts
of FeC, Fe203 and lig0 in the pure plagioclasites are
thought to be negligible, The analyses correspond
to the "felspathic metagabbroé?of Davidson (1943). The
high values of KZO reflect the partial or complete
alteration of scapolite to :.uscovite (pd 02 ). The
analyses are similar in many ways to those ofa number .
of anorthosites (Table 16 ). Thus, the geochemistry
appears to indicate an igneous origin.

The consistent occurrence of striping, similar
to that of the acid gneisses, in the Cnoc mnan Cro gneisses
suggests that this feature is at least partly metamorphic
in origin. Striping in the amphibolites of Connemara
is considered by Lvans & Leake (196Q) to be metamorphic
in origin whereas Dearnley (1963, p.282) considers that
gimilar banding (= striping) of anorthosites and
accumulative gabbros in South Harris is mainly igneous

in origin. there is, however, insutficient information
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on :the striping in this area tTor any conclusion to be
diawn.

“hile thin streaks or stripes ot plaginclasite
may be either tectonic in origin or due to metaxorphic
ditrerentiation it seemswlixely that thick bands
(60 cm.) of plajirclasiite interlaycred with amphibolite are
not metvamorphic in origin. dowever, in one case a
zradval increase in the volume ot mafic minerals present
in a plagioclasite band towards the amphibolite was
noted, althou.h there was a sharp, airstinct contact
between the two rock types (p.96). Fige.14 shows the
cationic and trace-element variation between these two
rocks. A very extensive movement of material must
have taken place if these rocks are the products ozr
meta-orphic segregation (local metasomatism). The
alternative hvpothesis that these rock: represent two
ditferent igmeous rock types with the variation within
the plagioclasite being explained by igneous ditferentiation
or local mafic metasomatism is preterred.

The close association of plagioclasites with
amphibolites, as is commonly observed within the Cnoc
nan Jro gneisses, suggests that they may be genetically
related, thus emphasising the hypothesis of an igneous

origin for many of the plagioclasites,
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To goéchemical work h:s been done on the
plagibclacites that form the minor part of a unit,
However, they display teatures similar to those described
by Bowes and vark (1966 ) from the Loch Kerry basite sheet,
to vhich an origin through metamorphic sesrezation is
ascribed, It is pousible, therefore, that some ot the
plagioclasites are the products ot localised metamorphic
segregation,

it is concluded that many of the plazioclasites
(including all the Cnoc nan Cro gneisses) represent
anortnosites that have been extensively altered during
the Iaxrordian meta.sorphism, The alteration of the
anorthosites can be considered in :three stages thus:

(1) scapolitization, (2) decal¢irication and (3)
potassiuwn metasomatism,

Scapolite is a common constituent or the Cnoc
nan Cro zneisses and other plagioclasites, In L231
and X1 the ratio Ca® : Nazo suggests that the scapolite
present in these rocks is probably of the meimnite
variety.

Scapolitization is considered to be a metasomatic
phenomenon, It is possible that the Na metasomatism
affectin: the gneisses or the Laxror&t?b.182) (cf. Edwards
& Baker, 1953) involved large amounts of volatiles,
particularly Cl, and SO3 and produced scapolitization

of the anorthosites and associated amphibolites
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(s metagabbfos?) by the tollowinz reaction:
labradorite-bytownite + volatiles (+Na)- Ca-rich
ccapolite + oligoclase-andesine,

Lany of the plagioclasites contain pla:ioclase ou
the oligoclase-andesine varieties and their analyses
show corresvondingly higher values ror Na,O (Table 16
analyses 1&3). This suggests that a dccalcirication
process has atrtected the anorthosites, Presumabiy
Na metaso atism played an important rele in this
process and it seems probable that scapolitization and
decalcification occurred at the same time. Decalcitication
has tollowed two trends thus: (1) plagioclasites, in
which oligoclase-andesine is the feldspar, have been
formed and Ca has been removed rrom the system and
(2) plagioclasites, in which oligoclase-andesine in
the feldspar and Ca has been tixed in epidote, have
been formed,

The plazioclase of the Cnoc nan Cro gneisses is
often strongly sericitized and scapolite may be
altered to muscovite, The intense sericitizat.on
and muscovitization are considered to be the result
or K metasomatism that is associated with the intrusion
of the Cnoc nan Cro microzranites, This indicates
that the scapolitiration occured prior to the intrusion
of the granitic rocks.
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The Metadioritegs

The geochemistry ot the metadiorites re-embles that
or the gneis.cs which are considered to represent
metamorphose: meta sreywackes (ppe 175-80 ); for example

3

the ratios Na : K and ig : Fe2+Fe are very similar,
However, these rocks are clearly dictinguishable 1rom the
gnel es 1n the i1ield, In fact their nomogeneous nature
allowed the use in the 11eld our the term metadinrite

with 1ts ohvious genetic signiricance, A sedimentary
srigin was considerea doubtzul irom 11eld evidence,

Furthexr support tor an icneous osigin is as
Lo0llows: -~
1. The metadiorites are mineralogically and chemically
gimilasr to the tonalites of the Outer Hebrides, as
described by Dearnley (1963) (Table 17).

2 hile further confirmation is necessary, plots of
K against Na (fig. 15 ) suggest that K decreases as Na
increases and this appears to indicate an igneous trend.
3. The rocks can be classiried as diorites chemically
and normatively (Table 17 ).

It is concluded that the metadiorites are probably
ignéous in origin, The Laxfordian metamorphism has
produced granoblastic hormblende-biotite-plagioclase
rocks (cf. Dearnley, 1963). The extent to which the

presence of biotite retlects K metasomatism is conjectural
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begcause uch ot thet mineral ..ay have been formed during
the mineralozical reorsanisations that occur under

a.phibolite tacic. mete orphic conditions,
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The sSigniricance ot the data on amphibolites and
~rnet-pyriclasites

+he use or a2 _.eriod ot dolerite dyke intru.ion -§
a time mar<er in distinsuishing the Lox:i vrdian from the
Scourian retaworphism by Sutton & Watson (1951) has been
strongly criticised recently (Bowes 19622 on *he grounds
that the (ncta-) dol:rites (or amphibolites) may not
"represent one intruc.on, The present study has shown
that the amphibolites of the Iexrtord area rall into two
groups, conveniently terued the meta-tholeiites and
meta-~gabbros.

Several amphibolites in the Laxford arsa ¢ ntain
a core 2f garnet-pyriclasitec, 1T these rocks are
metatholelites belon ing to the Scourie dyke suite a
grenulite-facies i camorphism pout-dates this intrusion,
an event rccognicca i1n the Outer Hebrides by Dearnley
(1963) »ut not on the mainland, Iln the absence or
furthe. eviaence supportinz thi: hrpotnesis it is
con:idered that these rocks should be clagsitied as
metagabbros,

‘he most noticeable eftect or the Laxtordian
motamorphism 13 the production of similar looking
a paibolites trom gabbroic and tholeiitic rocks, Some
ot the gabbroic varieties contain stout pri ms of
hornblence, whereas many ot the tholeiitic varieties

conitain granular hormblende, but these reatures cannot
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be considered diagnostic, rrom their £i 1d roelations,
and incralogy, it 1s virtuslly impossible, in some

ca euy to di_tinsuash one suite zrom the other, It
seems w.wise, therefore, that all the amphibolitoes or
the Laxtord ar.-a should be considered as the
metamorphoced equivaleuts of the Scourie dyke suite

unt1l their seochemistr - is known in detail.
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The early igneous rocks as & series,

e meta-isneous rocks or the Laxford area are
similar in many respects to the orthocneisses of the
outer lebrid.s, J.arnley (1963) believes that these
sneisses are related and belony to an igneous complex,
nach member of this co.plux has a chrunterpart in the
Laxford area where the mctaperidotites, occasional
ul:ramafic bodies, zarnet pyriclasites, cortain
amphibolitcs ond the plajioclasites are cloaely
associatoed in the field and from their geochemistry
they could be r la..d in the saxe way, although
geocheical cvidence imilar to that of Desrnley is
laczing.

For the rocks of the Laxford arca, the Nigsli
values fr, 21, ¢, "1k nd mg have been plotted against
g1 (rig. 11 ). The sraphs of tm, al nd alk suggest
an igneou: rend, par icularly when the trondhjemitic
rock are included. while the trondhjemitic rocks
are +h ught to represcnt a sodic injection coiplex
(pp. 2134 ) the poussibility that some of these bodies
-2y be end-ncmbers ot an izneo»us complex cannot be
completely discounted.

'he basic rock-t pes also resemble the meta-
-orphosed repre.entatives of a o .ridotite - zabbro -
anorthosite sulie described by Bowes and others
(1964) from the Scourie district.
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1%, hereforc, see.s reasonable to conclude
hat a nunber of :he meta-ime u rocks of the Iaxtord
~rea rorm vart of an i:ncous series. since the meta-
tholeiites have not surfered a granulitc facie
metamorphism they do not form part or the igneous
series, “rends ot <voluiion may be similar to tho.e
vostulalcd for the Levisian in'rusive suite of the
cut r Hebrides by Denrnley (op.cit.). It can he
concluded that at'cr the series intruded the host
gneisses there occurred the Iarly granulite facies

metaworphism Tollowed in turn by an amphibolite tacics

(Laxtordian) meta orphism.



The uranitoid Rocks

Suttcn & Vatson (1962) consider that “gronitic"
rocks viere exnplnced throughout the Iaxtordian meta-
morphisn. the old st "granitic" rocks are those that
are folded and the youngest are the "lste-toliated
granites" ‘hat are thouzght to rill late _hears. 1t
has been chown in this thesis that the granitoid
("grani . ic") rocks can be aivided into two distinct
and unrelated groups: (1) the sodic (trondhjenitic)

varicties and (2) the soin:sic (gra:itic) varieties.
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ithe Trondihjemites

In the Laxford arca tr:ndh_e:ites and coar:e grained
trondhjemites ore extensively developed and conrmonly
cut the toliation of the gnel:ses and amphibolites (p.72 ).
Their “iscordant nature sugzests thot they ray be mogmatic.
The altcrnative hypothesis is a metamorphic-metasomatic
mode ot osrigin thet involves either = teldspathization
of intecrlayered ‘uartzites (Gavelin, 196C) or a sezgregation
of quartzo-feldsw»nathic meterial from gneis-es and
a~phibnlites (Ra :berz, 1956).

In ~dd:ti»n, there i- the comnlication that the
tyrondhjemiteg can be divid d int» two ain types thus:

(1) ‘nose that are either folded or intimately assoclated
with the host rock and (2) tho.e that cut the tolds, the
toliatlion or both. In the absence of other evidence,'

it i considered that the rormation ot trondhjemite
started in the arly stazes of the Laxtordian metamorphism
and continued until the folding and foliation had
develoved. Certain trondhjemites that cut across the
Laxtordian frliat.on are themselves tolded (p. 72 ).

The evidence from the contorted trondhjemites
containing wisps or crenuiated biotite tlakes, Triom
trondnjemites in waich streaks and wisps ot biotite are
particulerly abundant near the margins, and from
tr ndhjeartes that intimately vein and penetrate
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basic uaterial, attests to the incvcraction hetween these
trondhjemite . =nd taneir host rocks, u'ually amphibolites,
sheee rfurther imnortant fazts are (1) the treaks and
v13ps oL bintite may carrr :mall emounts or hornblende,
(2) hornblende is eccasionally pre.ent in .mall pods or
lenses ot trondhjemite in amphibolite and (3) in cestain
trondhjemites plagioclaze Torms a linked network that
ent1:ely encloses quartz and the other mineral grainms,

A linked network of plagiocclase is often
interpreted as indicating teldspathization (eg. Coombs,
1955) altiiough this teature can also be explainad by
assuming that plagioclase was the lest mincral to
crystalli.e or recrystallise, Lenses of trondhjemite,
particularly when they contain thé minerals ot the host
rock, have heen intcrpretcod 2s metamorphic segrezations
(Rambers, 1956). Fe'dspathization, particularly through
a process of etamorphic segregation, receives support
from the tnct thnt basic material nssociated with the
intense network-veining of trondhjemite in an agmatktic
structure usurlly contains considerably more hormblende
thah the normal amphibolite,

The +ineralogical and chemical composition of the
trondhjemite shows considcrable variation, although most
of the discordant varieties have a composition similar
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to that ot 114, L135a and B2sl (see fable 13n)» The
highly variable olagiocclrce contvent of the trondhjemites
could be due to teld:pataization. The process envisaged
could be ~iiilar to that doscribed by uavelin (1960)
whereby quartzite veins associated with the host rocks
are feld. pathized,the feldspataic material being
produced by the latter;or simply by metamorphic
segresatl n. However, as the amount of quartz present
in the trondhjemites (40% or more in certain varieties)
ig rather more than could reasonably be expected to he
derived from b..sic rocks by metamorphic segregation,
the presence of this mineral is due to its introduction
either as vein quartz or as a co.iponent of a trondhjemitic
fluid. The occurrence of vein quartz necessitates the
introduction of the coi.ponents of plagioclase eg., by
teldspathization or sodium metasomatism.

The trondhjemites thnt occur as concordant or
discordant veins and shects are usually homogeneous
and chemically similar and, thus, appear to be magmatic
in origin. Assuming that most or the homogeneous
trondhjemites are magmatic the other h%rogeneous
trondhjemites can be explained 1n two ways:-
1. they may repre-ent various stages or metamorphic
segregation of quart zo-teldspathic material, the

homogeneous trondhjemites being the mobile end-members.
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2. They ﬁay repr-osent the various stages ot reaction
between a .alery, volatile-rich metasomatic i1luid
ot approximaitely trondhjemitic composition and the
a:palpolites,
The agmatitic developuents and wisps ox biotite
containing relics ox hornblende arc considered to
support the latter hypothesis. lhere may be a gradation
tron a magmatic to a metasomatic zluid, with the
occaisinal ftrondhjemitic pegmatites representing
intermediate products, This interpretation dirfers
from that ot Bowes & Park (1966 ) who conclude that
metamorphic segregation produced similar occurrcnces
of quartzo-teldopathic materizl .in the Loch Kerry Basite,
Sodiu: metasomatism has also played an important

part in the developuent ot the gneisses and early
igneous rocks in which scapolitization is a common
teature or this metasomatism, Thus, it can ope reasonably
concluaed that the trondhjemitic rocks are manitrestations
ot & *‘rondnjeritic injectisn complcx and associated
metasomatism, The teatures ot this fgneous and
~etasomatic activity are comparable with those produced
by the granitic injection complex,

rigmatites in wnhich trondhjenite torms the
granitoid prrt are not easily recognised because of the

gzneral predominance ot plagioclase in the gneisses,
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In a tew cages wigmatites have been seen, but it is
conclud:d that they are rather porrly developed., Thus,
thi: is one inctance where there iz a notable difference
between the trondhjemitic ani zranitic injection complex.
The injection of trondhjemitic material is
perhaps the earliest manitestation of the Laxtordian
metanorphism, while the composition of the trondhjemitic
matcrial remained essentially constant throughout the
injection vhase, there is evidence that variations in
the composition ot the metasomatic tlmids do occur, as
shown by the variation in the plagioclase content from
about 554 to almost 100% (if rocks with such high
plagioclase content can still be ftermed trondhjemites).
The composition ot the normal trondhjemite is considered
to be that ot I136a or 114 (ilable 18a) and it can be
concluded that these analyses represent the composition

ot the trondhjemitic magma.
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PHE GRALITIC RCCLS

In the descriptive section ot this thesis the

cranitic rocks have been divided into five zruoups:

(1) the Cnoc nan Cro uroup, (2) the Badnabay Jroup,

(3) the Laxtord Quirtzo tcldspathites, (4) the Licrogranite/
trondhjemnite bodies and (5) the NE-SW Pegmatites, The
division is based on field =2nd petrograpiical difterences
and is confirmed by the geochemistry; it indicates that

the formation of granitic and allied rocks has been a
complicated pro-ess or combination of processes,

Clough (op.cit.) recognises one group ot magmatic
sranitcs and reall (op.cit.) concludes that the intrusive
magma was homogeneous. Vlatson dcescribes two groups ot
granitic rocks, namcly the Rudha Ruadh granite gneisses
of the sadnabay zone, which she considers representativé
of "the most stmongly meta.omatised parts of the banded
co:plex",parts ot vhich became mobilised (Watson, op.cit,,
p.237), and the late-roiiated granites ot the Laxtord
zone, which she considers to be intrusive and presumably
magmatic. Clearly, similar evidence has been interpreted

in dizferent ways.



General criteria tor the origin of the granitic rocks.

Granitic r-~cks ..ay be magmatic, anatectic or
metasomatic in origin (Read, 1957). In the Laxtord
ar-a many of the reatures of each sroup of granitic
rocks can pne attributed to any of these modes of origin.
However, certain generel criteria that have been used
to establish an origin for each group can be listed.

A nazmatic oricin is probable if the zollowing
~onditions are satisried:-

1. The chemical composition ot the rocks is such

that the Q - .ib - Or ratios plot near the emtectic

minima for various water-vapour pressures in the

@ - Ab - Or - 1,0 system ot Tuttle & Bowen (1958)

i.e. the rock. have a "true granite" composition,

2. 1he rocks are essentially homogeneous,

3. Potash 1eldzopar does not show petrozraphic evidence

that would indicate it to be much younger than the other

minerals,
4. Therz is evidence or mobility.
5 Prossure-teuperature conditions were such that a

magma ot the required composition could exist at the
gite of crystallizat.ion,

svidence that tavours a metasomatic origin is
difficult to evaluate, but such an origin 1s probable

it the foirrowing conditions are satisfied:-
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1. mhe rock. 4o not sntisty the conditions noccessary
for o uesmatic oritiu. Altnouzh tais is a ne ative
condition, it ic probably the ..ost ugsetful,

2. The rock. con.air relics or unalter.u rocks, This
condition can only be used to support other evidence
cince celics (or inclusions) zare present in uany mazmatic
zranites, for «xample the Done~zal zranite (Pitcher & Read,
1959).

3. The rock exnhibit relict teatures which have thelr
countervoarts in the unaltered rocks,

An anetcctic oriin is probable it the rollowing
conditions are :atisficed:-

1. There is evidence in tavour of local small-scale
meltin~, that is the bodies are small.

e The bodics are -~trongly discordant with a bulbous
habit.

these critoria can be discussed with reference to
each group.

At this stnge it can be concluded that an origin
by anatexis in situ zor the Cnoc nan Cro and Badnabay
Groups is extrenely unlikely because potassium-poor
gneis.es can produce only small amounts of graritic
matcrial by this process. The evidence and conclusions
bearing on the orijin ot the Cnoc nan Jro and Badnabay

group are listed in wable 22,
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LVIDENCE CONCLUSIONS

Limited compositional range. nan Qro group opadnabay group

Wide compositional range. Wide range of compositions suggests either a metasomatic origin oz X e 0

‘ quence of intrusions from a differentiating source. o Sad/ Coas

Textures tend to be granoblastic. ~;:somatic or late-stage magmatic activity was important.

Mineral relationships are complex. complex history of formation. ' .x X

Cataclastic deformation affecting granitic sheets but ibly post-crystallization movement within each Shéet' > &
X (o)

adjacent gneisses.




CONCLUSTIONS

EVIDENCE nan Cro group Bbadnabay ETOup

The sheets are discordant o the gneisses and occasionalllms Fcative of movement of material, either liquid or semi-solid. be 0
furcate. | - = absent i
The rocks are foliated, the foliation usually.being parsl *%he case of discordant sheets foliation developed during moveme i o o = poorly expressed
to the margins last movement occured in a ;olid medium, % = well developed
The contacts between the 8ranitic rocks and the gneisses farcaction between the granitic rocks and gneisgeg, the former X X
Ao
are always sharp and there i hig ] uilibrium within the pressure-tepperature
€ 1S no diminution of grain-siz€ ’?Kng attained eq mp :
at the edges of the granitic sheets, b T -&ﬁitions of the epidote-amphibolite facies.,
$ors have used this criterion in favaor of both pagmatic and X o
Migmatites are develo » |
ped, Psomatic origins.
Etions between the granitic rocks have been mipipal if not entir x X
Parallel inclusions of amphibolite ang gneiss, showing 10
evidence of contamination, occyr,
sionally there is evidence of potassium metagopgtism. i S
Inclusions of amphibolite shoy ap increase in potash
: S’ ; e )
Foldnar. aport for a metasomatic origin or (post-%)magmatic differentiatio: .
Heterogeneous nature of the sheets, €.g. banding and . !
: _ ; vy X
mafic streaks. ests a deformative perlpd during the late stages of formation 2
The sheets may be folded and Veins within a sheet are may apply to both modes of origin. ¥ :
apparently folded. : St
PR ¢ 1 h x »
stal-liquid equilibrium may have determined the composition of 2 i
The composition of the granitic rocks is near the minimum-~§ granitic rocks.
= X

melting composition in the granite systeﬁ. ports a metasomatic origin although a process of magmatic

Wide variety of plots on the Q=AD e

-Or triangular diagram, ntiation is also possible.

consistently below the minimum-melting composition.

Iableaech,gummary.oﬁ the _evidence and conclusions f 0!

R R o Y ¥ R

the granitic rocks.




Jdhe rlovs o te Q = Ab - Cr ratios of the Cnoc nan
Cro nmicrepgranitzs, varticularly tuose derives from tle
mesonorm, tfall so close to the pogition of minimum
meltins at d¢iffercnt water-vapour pressures (fig.z21l )
that crystal-liquid equilibrium seems probable. Further,
the addition of normative An displaces the minimum melting
composition towards the Or apex of the triangle (cf. a
personal communication by Bowen in f&skola,1956 ), bringing
the plots of the Cnoc nan Cro microgranites even closer to the
minimum melting compositions at different pressures.
this approximation of the composition of the Cnoc nan
Cro miprogranites to the experimentally determined
minimum melting composition provides strong evidence in
favour of a magmatic origin. in connectioh with the
applicability of the experimental data of Tuttle & Bowen
(1958) to these microgranites , it is interesting to
compare tihe average mineralogical and chemical composition
of the Cnoc nan Cro microgranites with that of the

granite used by Tubttle ant Bowen (1958), thatis, the



Jesterly ~rorite vhich is also around 1 mm, in grain-
size and considerea to be magmotic in >rigan (Chayes,
1952). Prom Table 23 it is clear that they are

similar and it i. likely that if a Cnoc nan ‘ro
microsronite had b en used by Tuttle & Bowen in thexr
experiments raiher than thec .esterly :ramnite a similar
welting curve vould have Heen established tor compositional
dizrerences b.tween them are no ;reater than between the
westerly and Quincy ~ranites, both or which gave the same
minimum melting curve, within experimental error.
.oreover, this curve coincides with the minimum melting
curve tound for the isobaric quaternary minimum in the
system ~lpive - orihoclase - quartz - water,

Thererore, the Cnoc nan Uro microgranites have a
composstion which is ¢ nsistent with zormation rrom a
granitic i..lt,

Since the noruative compos.tion or the microgranites
does not lie at the "ternary" eutectic at 4,000 kg/cm2
water vapour pressure or near the minimum at 3,000 kg/'cm2
(1ig. £! ¥, the zranitic magma, according to Tuttle &
Bowen (1958), could not have peen saturatcd with water,
o ever, congidecrable water must have been present to
account 1or the large amounts or biotite and muscovite
present i1n the microgzianit.s, In aadition, 1t is
considered unvise to atte pt to establish the water
~ontent of an anortuite-bearing microgranite by

orojecting 1te c mposition into an anorthite-free system,
— E-Ia g



A1.0

wuartz

X feldspar

Flagioclase

Cthers

Table 2%

Westerly granite

7204
14450

Cnoc nan Jro alcrogranite
71.26
14,8
0.9
0.92
Ueb2

1l.40

26.5

51.1
11.1

A comparison of the chemical and modal

composition of the westerly granite and

the Cnoc nan Cro microgranite (average).



“he Cno: nan Jro granit. (L118) plots within the
rielu or the microrranitss wnen plotted on the Q - 4b - Or
trianzular dia;cam (rig. 21 ). .05t other giarites have
a mincralogical composition similar to L1118, ana, thererore,
would probably also rall within the rield ot the micro-
granites,

The Cnoc nan Cro pegmatites are potash-rich and
plots of the Q - Ab - Or ratios lie towards the Or apex
of the Q - Ab - Or triangular diagram, However, this
evidcnce is not suzticient to preclude the possibility
of a magmatic ~rigin for these pegmatites since similar
rocks are often consider 4 to be the result of rather
unusual magmatic conditions (Haich et al, 1961).

The microgranites appecar to be homogeneoﬁs and
very similar to one another in the field, giving the
impre .sion th-t they are closely related and represent
the intrusion.of a series ot sheets ot material derived
tror a com - on source, presumnably a granitic ~elt of ~-ome
kind, The thin ribs of granitic wat:.rial thet vary
in grain-size trom 2 m:. to 6 mm. (p. 128 ) are also
usually homogencrous. Similarly patches and sheets of
granite are essentially homogeneous although potash
fcldspar exhibits a strealky distribution in a tew narrow
veins of granite (p. 129. :egmatites are as homogeneous
as can be cxpected in very coarse-grained rocks although

the highly variable grain-size does not allow an accurate
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determination ot homoseneity to be made. “heretore,
the Cnoc nan Cro group eusentially fulfills the
magma*ic condition of homogcneity.

Lvidence of mobility can be seen in the discordant
relationships with the host rock, The ¢noc nan Cro
shects commonly cut across lhe ho.t gneisses and several
sheets are seen to furcate (p.124) so that there can be
little doubt that they were tairly mobile, Although
the Cnoc nan Cro sheets displayed considerable mobility
ihere is mo evidence in tavour ot a forcetul initrusion
ot mobile material, mather the tield evidence of
relict blocks or gneiss, which vary in dimensions from
15 ¢cm. across by 25 cm. lonzg to 10 cm, across by 50 metres
long and vhich rctain their o:riginal orientation (p.127),
sug.cests either a pa sive introduction of material or
a directionally controlled intrusion. Such relics
can also be interpreted as »odie: that have resisted
the processes vwhereby homogeneous granitic rocks are

Kea ol /457
proiuced by poteswmmetasomatism (c.r. Bekeda, &),
However, in the case of the Cnoc nan Cro micro:ranites
and granites this interpretation can be discounted by
the avparent absence of even slight potassium metasomatism
in the relics in contrast to similar gneisses outside the
granitic sheets (p.127). Relict patches of gneiss in
pegmatite are considered by Ramberg (1956) to indicate

the development ox the pezmatites in situ. Relics of

- 221 -



gneiss in the Cnoc nan Cro pegmatites are not always
aligned pnrallel to the toliztion of the adjacent
gneisses and in some cases occur parellel to the margins
ot .trongly di.cordant pegmatites, so that structural
conirol m.st be ruled out, Fogmatites, theretore, may
be met:sorma-ic in »rigin 2r, possibly agmatic 1t a
process is invoked vhereby a ;ranitic magma can produce
& highly mobile liquid which i substantielly enriched
in volatiles, psrticularly water, and other hyp:rfusibles.
Such a liquid may approach the composition ot the agent
ot potassium metasomatism.

Termperature-:ressure conditions at the time of
tormation ot the granitic rocks are, wuwortunately,
ditficult to e.tablich. There are no cnilled contacts
to the granitic sheets and the host rocks show no signs
of contact metamorphism, Theretore, the temperature
of the :elt, the existence of which is sugsested by the
previous evid nce, was probably not much higher than
the then-existing temperatire ot the host gneisses,

The gneisses at present belong to the epidote-
amp iibolite tacies of Hamberg (1952) or to the staurolite-
qunrtz,sub~rscies or the almandine-amphibolite tacies o«
ryfe et al.(1958), although evidencc trom the basic rocks
sugests that the epidote-~amphibolite tacics was preceded
by the ampnibolite tacies of Rambers (1952), Fyte etdl.
(1958) consider the minimum temperatuce for the above-
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. . - .0 ; N ,
menticned tacies to e 5¢0°C at 6,000 bars EH o Whereas

Ramber; considers that temperstures above H00°C are
uncommon in the amphibolite 1ac.res, Thus the maiimum
temperature preveiling in the gneisses during the
Llaxtordian metamprphism was rrobably in the region of
$00°C to 550°C.

A.thouh .uscovite ovrten torms atter plagioclase
and can thus be considered to be a laie-stage mineral,
ag it is ~ls- cut by bitite, one of the tirst minerals
to form, .ome muscovite iu early and probably represents
a primary phose, Thus a temperalure in the region of
650 - 7uO°C may rcasonably »e proposed tor the granitic
gheets (Yorer & Busster, 19.5), during formation,

A va er-rich jranite is liquid at teomperatures of
approximately 650°C at d->pths sreater than 13 km.
(Tuttle & Bowen, 1958}, Assuming a eothermal gradient
of BOOC/kL. and a rate ot increase of geothermal gradient
»f 6OC/km/km (Tuttle & Bowen, op.cit.), gneisses at e
de.th ot 10 km. would be at a temperature of 57000.
Although the rate ot increase of geothermal gradient may
decrease with depth, it appears unlikely that the gneissem uere
at a depth much greater than 10 km. during the formation
st the Cnoc nart Sro ~“ranitic rocks, Thus, if these rocks
are magmatic, their state at the timc of emplacement was

probably a mush ot crystals and liquid rather than a melt,
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In swi ary, ~t thiz .ta=e, the evidence from the

Cnoc nan Jro sreup 1 gra.itic rock favoups a mazmatic

origin,
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The Badnaba~ Froup

The plots of the 3adnabar idcrogranites and associated
rocks on .he 4 - Ab>— Or btrisngular diagram show a wide
scatter, empha:ii13inz the heterogenseity of thic zroup.
ith the exc ption ot the leucocratic variet.es, the
relative quarts content is less than 204, so that the
plots tall below the trian;le within which all granites
should lie, according to Tuttle & Bowen (1958)(see fige 21 ).
They sus;:st that such rocks be given different names to.
distinguish them from the "zranites proper". Globally
they are rare "compared with the 'average' granite or
rhyolite" (Tuttle & Bowen, 1958), but in the Laxrord area
they probably occupy an area as large in extent as the
rocks which are 'zranites' in Tuttle & Bowen's classification.
lo-t ot the rocks or the Badnabay sheets are considered
to be -icrocranites ror reasons previously given (p.119)
although rocks with a similar quartz content have been
described by Buddington (1948) as quartz-syenites, in
the Jiazra- it is significant that the one established
trend is towards the Q - Ab sideline (824-»S26), the
opposite to what might be expected during a magmatic
dizrrerentiation-crystallization history. There is a
wide discrcpancy between the plois or the Badnabay
microsycnites and the plots ot other syenites, presumed
to be of magmatic origin(tig. 21 ). The plots or the

Badnabav lesucco-microgranites, however, fall close to the
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locus ot the minimuwm melting compo.itions tor difterent
pressur.s (rig. 21 ), indicating that cry-tal-liquad
equilibrium possibiy exl:tea in these icrogranites and
that 1or these varietie: a masmatic origin is po.usible.

rost of the members of the Badnaba~ :roup, theretore,
do not .2oti.iy the first rejyuirement for a mazmatic
hypothesis.,

vany of "he Badnabay sheets are homogeneous, being
compo.cd o either ‘ierogranite Hr microsyenite and the
greater proportion ot voth the Rudha Ruadh and Loch na
seilpge sheets is composed or both these howogeneous
varieties. i.oever, occa i3nal sheets are composed oz
layers, 10 ¢ . t~> 1 u.tre thick, of microgranite,
nicro-yenite =nd leucocratic iicrogra ites, striping
analogous to that in the gneisses is seen in the
microgranites at severnl Llocalities (p. 151) and the
ceometry or certain masic st.eaks in the Rudha Ruadh
sheet sugzests relict i10laing (pe. 145). Usually the
matic stripes and streaks contain amounts ox potash
celdspar similar to those present in the more leucocratic
portions. Such a 1 mogeneous distribution os potash
reldspar rezardless os« the mineral composition is
considered to be aue to a potasn rcldspar enrichment
atter the stripes had formed., In addition the highly
variablc nature ~f the leucocratic ribs (p. 146) is not
easily expla.ned on a magmatic hypothesis.,
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svidence ot obility in the sheets can be seen in
the discordant relations with the host gneisses,
rurcation is not seen and in g .neral the Badnabar sroup
gshows disc:rdant relations less comm nly than the Cnoe
nan Cro :roup, althoush this may be vartly due to the
lack of suitablce exposures and, in particular, vertical
section,

Termp«rature-pressure conditions during the
£ rmati n of the Badnabay ;roup vere probably similar
to those of the Cnoc nan Cro ~roup. ovever, in the
absence ot muscovite or another mineral suitable for
geothermymetry, the cr-stallization ot minerals above
50000, the temperature of the meta: .orphism, cannot be
established, Therefore, the te. perature-pressure
conditinns mu:t remein hypothetical for this group.

Thug the evidence in ravour ot a magmatic origin
i. rathcr contradictory and somc features, particularly
the .atic stripes and streaks, are considered to be
ir.econcilable with such an origin. Theretore, the
first requirement ot a meta.ouatic orizin is partially
satisfied (ps 717

.any of the Badnabay sheets contain relict patches
and lenses oL :neiss and amphibolite, .08t of the
relics do nct show evidence of potassium enrichment relative
to similar adjacent rocks, However, certain relict

patches oY amphibolite in the Rudha Ruadh sheet show
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arious stases or potassium enrichment in the zorm of
potash teldspar, the culmination or which may be the
tormation of the more —atic microsyenites, Thus, there
iz some evidenc .. that at lecast the microsyenifes ot the
Badnaba:;r zroup may be metasomatic in origin.

Uther relict teatur.s thot supvort a metasomatic

hypothesis h::ve already been describel (p.226),
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The Laxf rd Juartzotrecldspathites

The La tord Quartzoreldspathites have been separated
+ror. the trondhje ites and the zranitic rocks on the
basis or Tielw relati nships and mineralogical composition,
liowever, the quartzofeldspathites exhibit rather gsimilar
mincral relationsihips to tho.e rocks, indicatinzs that
the processes in action during the latter stages of
torratisn were rather similar in all cases.

From their field relationships the quartzoteldspathites
are parautochthonous "zranites" as defined by Read (19517),
that is they are rocks that have moved only slightly from
the zite orf their tormation. wWwhile a certain degree or
m>bility is indicated by the occurrence ox bulbous bodies
with tongue-li:e projections that penetrate along or
across the toliatio-n ot the host rocks, other quartzo-
teldspathites "rade" into the gneisses, the sharp contact
indicative ot mooility beinz absent,

he chemzcal composition of the quartzofeldspathites
is variable, but a tew plot near the cutectic minima
for various water-vapour pressures in the Q - Ab - Gr -
H,0 systen >t Tuttle & Bowen (1958).,  Thus, while there
is a tendency tor some ot the rocks to have a "trwe granite"
composition, the first condition tor a magmatic origin
ig not Tully satictied. The quartzoreldspathites are
gtreaky and variable in composition within each body and,
theretore, the geconi condition is not satistied,
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Petrographic criteria are suspect and there is no direct
svidence vor the third criteriun, although it must be
noted that ‘icrocline is not obviously much youn-:er
then tho ther mninerals, The criterion ot mobility
is congider.a to be partly satisiied, A3 concluded
cariier (p.?%3) '‘he pr.c ure-iemperature conditions
viere probubly such that a melt could exist. The
cohrneclusion reached trom the above evidence is that the
Laztord quartzot :ldspathites were not derived from a
mazmatic .ource althoush there i1s evidence that the
rocks passed through a partially-fluid staze,

The tirst condition for a metasomatic origin is
savisfiel in that a ma-matic origin i. unlikely,
Howuever, since relics of unaltered host rock or relict
structures are absent, the second and third conditions
are not satisfied, The streaky and variable distribution
ot potash feldspar is best ascribed to potassium
netasomatism, The time at which this event occurred
is discussed below..

An anatectic origin is favoured because the
Iaxtord quartzofeldspathites are strictly localised
occurrcnces and are often bulbous and markedly discordant,
Anatexis both on a small-scale and s large-scale has been
considered as an important mechanism in the origin of
granitic rocks (see Read, 1957). Furthermore, there
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does not appear to be any important theoretical
ar-ument asninst cnetexis, particilarly atter the
work ot ven irlaten and others (see von rlater, 1963)
on experirentel anatexis . Von Platen investigeted
the exnemmnental anatexis 1 two gneisses Trom
Rognetrand, Lorvar. obtaining leucocratic melts of
co..nositions varyin: from aplitic, throusgh cgranitic
and ~ranodi->ritic to bomn2litic (= trondhjemitic?) as
the chomistry of the original gneiss and pressure-
temperature condition: during the experiments varied,
At 2,000 bars vater-vapuur pressure meltinz of the
-neisses ctarted at temperatures raniing from 690°C
to 73000. Von Pla®ten mentions a value of 640°C as a
~inimum temperature tor the beginnin: »t anatexis,
These te.peratures are considerably higher than those
doduced for the metamorphism or the sneisses (about 500°C)
although it should be noted that von Platen considers
that the metamorphism or muscovite-biotite gneisses
occurred at temperatur.s of the order of 600°C, a value
c.milar to that ascribed by Pyfe and others (1958) to
amphibolite-faci s mctamorphism.

since the temperature, at which the metamorphism
of the meisses occurred, is vrobably 500°C to
in the Laxfo:d arca, it is considered here that some
additional tuctor must have influenced the onset of
anatexise. The lnocal accumulat.on or volatile at a
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hi~h te perature ay have been sutficient to .roduce
cnaterls. Variations in (1) the cheumistry or the

rocks undergoin: elective Lu31on(an increace in the
anorthite content recults in an increace in the

quartz and »nota h roldsovar content of the melﬁ)(Z) the
proscure-temperature conditions and (3) the composition
nL the volatiles, may all aftect the composition ox the
anat. ctic melt. lach of the streaky distribution may

be due to the: intcrmittent introduction ot potassium, as
a comp nent or the volatile phase, during the development

T the Laxzo.d suartzoreldspathites,
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ILE - SVW Pegmatite dykes

The LE - T nver; atite dykes 1re not obviously
related to any ot <he other zr .nitic rocks, lhe

available evid nce is that they are discHrrdant and
thus satigsfy one cri.ericn 1or a masmatic ~risin.
in the zpbzence oy surther evicence it is concluded
that they are the 1in2l manitestation or maj nitic
activity. They are pustallel to a 5 .ries of NE - SW
vertical tracture planes and there seems little d-ubt
that the »neg atitic sluid: were intruded along certain
o1 those plance,

the aykes are tew in number :na do not appcar
to have ny cirect bearin~ on the problems ox origin

or the other graritic r-cks,
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Th . icro = 1te/trondhjomite Bodies

Th  orisn ot the microzrenite » rtion or the
Jlcr omrerate/tronchjenite bodi s has an important
beoring orn the problem or the orisin -1 the jranitic
rocks, prinnrily becauce of the uineralogical and
chemical simil-rity between that vportion and micro-
granite of the Cnoc nan Cro Group.

The validity of the f»rllowing discussicn rests
on the tact that the microgranite portion developed
after the formeti-n of the trondhjemite. ihe evidence
in supprrt of this is:-

1. idicrozranite/trondhiesite veins occur throughout
the area and al.ays show 31 gradation from veins
comsosed entirely ~t trorndhjemite to veins composed

mainly ot —icrogronite with narrow edges of trondhjemite.

The veins are usually discordant.

2 Worth of Laxtord 3ridse thin discordant veins
of .icrozranite arc closely associated with pegmatites

thet avpcar to be the final d-.velopment of granitoid
rocks for they display di.cordant relationships to
all other rock typzs. Trondhje it~s are not zeen in
this situati-n,

3. lio exam-:les of microgranite torming both cdges

and trondhjemite forming the central portion of a
yein have been seen, althou:h exa:.ples in which nicro-

~ranite forms one edge occur.
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4, rrondhjerites containing streaks of pure potash
fcld prr haove Heen seern, Thiz aspears to indicate
vracsium neta omatiom.

5. the licrozrenite/trondije ite veins do not have
a con.istent atvitude in th. tfield; the trondhjemnite
veins likevise cut the host rocks in several directions
vhereas the .icrotranitc veins and sheets ot th: Cnoc
nan Cro ~roup dip to the . at aporoximately 450 and
tho.e ot the 3adnzmbay zroup are essentially Conbardant.
Thus, the icro . ranite prrtion has adovnted the at:itude
ot the “rondhje itc¢ veins and 4s, thcrefore, later.
Thus, unless ihese bodies are the result of retav.orphic
ditfcrention vwithin each body -icrvozranite post-dates
trondinje ite,

3¢t re discussiny the origin of these bodies it
is inter stinz to consider the catiinic variation
betveen nicrosranite and trondhjemite in the same vein.,
Two e¢xa .ples ar. consider.d (tig.?22 ). In both cases,
Si, Ca nd Na decrease and K increa.es in the nicre-
granite relative to the trondhjerite. Of the other

3

cations considered, Fe” remeins more or less constant
while rez, +g ond Al, in one case, increase in the
microgranite relative t, the trondhjemite and decrease
in lLhe other, changes beins e:all except for Al, It
seer.: rea-onable to conelude that the chemistry oo the
microsranit s and trondhjemites essentially shows an

- 235 -



- O
< O
L =

~ =2 o - o]

- < Y L e
ll..lle.I.rIIlLIIXIIXlLX|XI|X_X/|.I| e e e e A e e e e - - - —m - o e g
n / “ ! i \ AN P !
w \ / | ! f \ N - __

/ ' \ N o - '
5OX 4w & g3 - _
~ -
r\_v ] Q w M \ [ 1
\ ' . ! ] \ N - .
\ / { [ 1 \ S P I
\ / 0 1 | \ N \\\ |
I \ / i 1 \ ~ - .
ny e x < * —x ‘ > x b N e X e e e e e e > =~ o
— = =X e = X X m = oX — = =X e — X~ =X = = = =X = == = — e I - - - - -=
g ! | h RS - 1
o | | | ' N ~ - |
2 \ ! | | ! N S - “
< \ . _ o > N\ /IG \\\
= - " QU M \NQ z - 1
9? < W e T Q pIN al “
| [ | ' \ ~ -7 i
o i | \ AR - '
9 \ I \ < ~
] ' I | \ \ A |
-~ | | \ \ - > o o _ |
—_—=— —_——x — — e — — = X e = = — ) — Wx— - | r x 1
e e e el R o S Y Foog : 5 5
S 5 o 3 S
~
— “v [V} o
w L > o
(Ve) - o
= e s =2 vam
) ~

d trace element comparison between

Major an

o

ags
VAR
3

14

trondhjemites (L126a,1115) and microgranite (L1



jncrease of K and a decrcase or 3i, Ca and Na in the
former relative to the latter. This variation is
almo t catisn tor cation (ditterence in K : 6.37%

o ditrterence in Si + Ca + Na: 6.46) between L136a
(trondhjemite) ~nd L136b (microsraenite).

On the Q - Ab - OUr triangular diagram both
microsranites rall close to the position or minimum
melting at ditrerent water-vapaur pressures (fig.21 )
and the first condition for a magmatic origin is considered
to be ocatistied. All the microzranites are homogeneous
and, theretore, the second condition is also satisfied.
As is the ca.e ror the Cnoc nan Cro microgranites, there
igs no conclusive petrographic evidence that would
indicate that microcline is much younger than the other
rincralss  thus, the third condition is satisfied.

Since the microgranites sccur within veins of trondhjemite
+there is no evidence of mobility; thus, the tourth
condition i not -atisfied. Pressure-temperature
conditions cannot be deduced trom the available evidence.

The evidence presented above points to the
possibility ot a mazratic origin for the microgranite
position.

The tirst condition for a metasomatic origin is
not .atisfied because there are indications of a
megmatic srigin, Neither relics nor relict teatures
have been seen in these sicrogranites; therefore, the
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gecond ~nd third conditions are not satisfied. Thus,

1t appesrs ithat a zazmatic origin is more likely than

a metasomatic for the microsramat s, However, two
proplems remain: (1) the production by magmatic
activity ot the sir.aks of potash (. ldspar in certain
trondhjemit~s and (2) the mechanism by which the granitic
razma penetratved the trondhjemite veins,

The streaks 1« potash reldspar are considered to
represent o metasomatic phenomenon as, for example, in
the gneisses. They are so rarely develosed that it is
~utremeliy unlikely that they represent metamorphic
segrezation of a homogeneous granitic rock. Some
structural or meta orphic control must have also been
in operation to .roduce the streaks.

For a nagmatic origin the mechanism may be
envisaged as 10llovis:-

A -agma can be considered as intruding gneisses,
amphibolites and other rock-types, veined by trondhjemite.
This .a-ma would m>ve along paths at leaust resistance,
which, in this cace, are likely to be the contacts
between the trondhjemite vein and the host rock,. This
is confirm.d by the tact that when specimens ot
trondhjemite are collected in the field they usually
breakx at th: contact with the host rock; that is, the

contacts are not fused.
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It would =~ pear that those veins with edges ou
trondhjerite and centres of dicrozrenite do not reflect
the intrusi n of a granitic magnma, but represent the
development -f nicrogranite from trondhjemite by
metasomatism or ~ranodicrite by metamorphic differentiation.

One further point ot note is that ribs of coarser-
grained granit-id material have never been seen in the
~icrogrenite/trondhje ite bodies, This tends to contirm
that these veins and sheets are reclated to the trondhjemites,
in which ribs of coarser material are absent, rather than
the microgranites in which such ribs are extremely common
(tor example, the Cnoc nan Cro microgranites),

Thus, it would appear thate.agmatic hypothesis
does n:t adequately explain the origin of the microgranite
porti.n ot these bodics. A hypothesis that the
microgranite/trondhjemite bodies are the result of the
metamorphic diftrerentiation (local metasomatism) of
srenodisrite veins is discounted on the grounds that
(1) granodisriie veins exhibiting the various attitudes
of these veins have not been seen, (2) a great variation

in the compo .ition of the granodiorite veins would be
necessary and account tror the variation in the amount
of microgranite present in the com.ound bodies and (3)
the hypothesis does not account tor the close tield
relati:-nships between trondhjemite veins and the

compound veins,
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Potassium metasomatism is the rem2ining mechanism
for the -~ri~in »t the microgranite/trondhjemite bodies,
1t is thiusht that streaks of potash feldspar in
trondhjemite veins are due to potassium metasomatisn,
The sharp contact betwcen microgranite and trondhjeuite
is dizticult to explain by metasomatism, However,
recent exper.ments by Orville sug:est that sharp
contacts are possiosle given certain physical or
chemical con itions and sutficient time ror local
equilibrium to be established (See Orville, 1962, figzs.

b - 10).
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Signiticant Petrozraphic reaturcs

Certain setrographic features, especially
renlacement phenomena, nave a bearin-; on the problem
of the origin ot the ~ranitic rocks,

Two teatur s 1n the Badnahay ~sroup are notable
because they aspear to support a metasomatic origin
tor the group: (1) the coexistence otf hormblende and
micrycline, which are usually incompatible, can be
ex:lained by a potassiwn metasomatism that was
arrestcd borore hornblende was transtormed into bintite;
various staces or arrest are shown by the presence oz
variable amounts or biotite in association with hormblende.
The reaction can be represcnted as Tollows: -
1 2(2Ca0. 3(lig,Fe)O0. 2A1203. 63102. H20 + KéO + H20
= K,C. 6(Yz,Fe) 0, A1203. 63192. 2H20 + §Ca0. 3A1203. 65102. H
Evidence or this reacti-n 1s air.orded by the close
agsociaiiyn or hornblende, biotite and epidote, together
with apatite and sphene in many caces, and by the occurrende
of an agsreg.te or epidote grains almost completely
gurroundeda by biotite (p.!Sk)s The reaction is only
approximate 1or not only does epidote require some Fe
put sphene and apatite also require Ca, Ti, Si and P.
In many thin sectisns, however, it is usual to find
hornbl -nde.coexisting with microcline and so it is
possible that so-e catalytic eftect is required to
sroduce the above reaction, The catalyst was possibly
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prosent in the volatile phase, fluorine, phosphorous, or
both being »ossible = jents. The occurrenc . of hornblende
zlwost c moletely rimmed by epid>te with the colour of

the hornbl:nde removed in the parts adjac.nt to epidote
may rcpre_ent stages of replacerent sipilar to that seen
in the gnei..es (».187).

2. The network habit and intergranul-r rilms of
microcline supoort the precence ot a pervasive tluid

with components necessary to form microcline, that is
poacsium seto.o atiom.

Replacement phenomena are seen in all groups ot
granitic rocks. Plagioclase occasionally replaces
rmicrocline (p.135) but most of the evidence indicates
that microcline corrodes and replaces plagioclase
(£.138 =nd rlatec 65). It is notable that in the
microsy nites microcline is not enclosed or penetrated
by plagi-clase, The occurrence ot both orientated and
unorientated inclusions of microcline and oligoclase
within o-ne another (P.135 and ..138) could be interpreted
a; examples of replacement ot one mineral by the other.
These teaturcs are tairly common in the Cnoc nan Cro
sroup and the Laxrtord Quartzoteldspathites, bat not the
Badnabar group and are particularly well developed in the
coarger varieties. These featurcss may indicate that
(1) microcline is replaced by plagioclase (2) plagioclase
has re laced microcline or (3) Perthite or antipcrthite
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has urmixed. Plrgisclase inclusions in microcline

may be unorientated vhereas .icrocline inclusions in
pla;ioclase have a parallel orientation and are in
optical continuity (Plate 53).  ‘hen microcline encloses
or venetrates plagioclase there are btten signs ot
intense corrosi-n by unicrocline (tig. 18d) whersas when
oligocla e encloses microcline corrosisn appears to be
less intense. This phenomenon probably occurred during
the later st-ges in the tormetion »f the granitic rocks
and oroswoabl attests to the greater activity ot
potzacsi.m at this time, 1t is notable that in the
microsyenites -icrocline is n»ot enclosed or penetrated
by plagioclzse, Thus the feldspars of the granitic
rocks exhibit a complex seraies ot replacement phenomena,
in the present study it is considered that replacement
phenomena, particularly replacement ot plagioclaze by
microcline, cannot be accepted as conclusive evidence
(cf. Chenz, 1944) that metasomatism has teken place,

The evidence can be explained equally well by the
activity ot late-stage deuteric liquids within a
cry:tallizing masra (= metasomatic stage of Schermerhorn
(1956 ) in nagmatic crystallization).

Microcline is commonly perthitic, Anderson (1928)
has su gested that pertanites could torm by three processes
(1) by exsolution (2) by eutectic crystallization (3) by
replacement. In more recent years exsolution and
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replace.icnt have received the most support (lates, 1953;
Tuttle & Bowen, 1958; Robertcon, 1959). Although
Tuttle & 3oven (1958) have proved experimentally that
ex;oluti:n ic po.si le such an origin is not consistent
with the petro;ravhical evidence of the present study,
Th foct ome srains contein no tlames while other$
contain as much ac 6C% albite is more in keeping with

a repl-ocement oriin.

e l'ucscovite is present in the Cnoc nan Cro but
not the Badnabayr zroup, further elaborati-n is necessary.
The anmount ot muscovite present in a given rock can be
computed from the -hemical analysis ot that rock,. 1.3%
normative corundum is equivalcnt to 4.6/ muscovite; thus
the maximum amount ot muscovite in the Cnoc nan Cro
microzranites do.s not exceed about 12%. According to
y.der & Bugster (1955) there is a limit t> the amount of
_uscovite in a granite but since similar values for
ruscovite have heen tound by Chaves (1952) in the
"riner-grained, calcalkaline granites ot New Enzland"
it is considered that the amounts present in the Cnoc
nan Cro microgranites are consistent with the amounts
present in other granitic .ocks, luscovite is not |
present in sutriciently large amounts tor a metasomatic
origin to be con.idered likely. Only one process has
apparently been involved since all gradatiomns occur
from plagioclase containing small am unts ot dispursed

tlakes (£ sericite) to plagioclase more or less comnletely

replaced by muscovite, - 241 -



The vermicular intersrswths of quartz and muscovite
formed ot = latc-stagze and o temperatur.s below 650°C
(ctr., Deer et, al;, 1962). In addition it .ust be noted
that muscHvite does n t display similar relations with
icrocline or quartz. Thus it aypears likely that
uscovi.e Tormed before microcline and that its vresence
is due to the late-stage activity ot potassium ions, with
the rollowing rcactions possibly accounting ror its
tormation: -
(2) 2Wa Al Si308+ KQO + 2H20 + 2A120‘f>2KA13813010(OH)2+Na20
(3) Ca AL,Sis0g+ K0 + 20,0 + 2A1203+ 45102-9-2K&13813010

(CH), +Ca0

A process involving the conversion of the small amountqbf
potash feld par or potassium nlways present in sodic
plagiocle e to muscovite cannot by itself account for
the occurrence of muscovite because sodic plagioclase is
orten almo:t completely replaced by that mineral, However,
guch potach reldspar i- almost certainly converted into
ﬁuscovite,Schermerhorn[1956) sugzests that muscovite forms
during a stage ot f-rmation that he terms metasomatic
which is the watér-rich final stage of magmatic crystallization
The large platy network of muscovite in the Cnoc nan Cro
group supports such an origin.

H-ornblende, probably a sodic variety, is one of
the 11rst zormed minerals in the Badnabay group and is

shown by the fact that it is often penetrated or
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completely enclosed by plagi.clase, microcline and quartz
and cut by bi~ tite =2nd epid te, .8 already shown the
latter two Mineréls are probably secondary in this group.

In the Cnoc nan Cro group bi tite is a srimary
mineral and one ot the tirst rormed, occurring as tlakes
upon which the other minerals are moulded. Althouzh
Teall (Hncit.) conscidered that epidote is a primary
constituent it is usually considerca to be secondary
(Barth, 1952; Nar.o, 19629 torming either by
autohydrothernal alteration ot calcic plagioclase or
py the decalcificati>n or that feldspar by potash
feldspar as +ollows:-

278
(5) 4Ca Al,SiyOg+ KAl Sij0g+ 2H,0 »2CajyA148150;,. OH
+ KA13813010 (OH)2+ ZSiO2

(4)  4Ca Al 51,05+ 4H,0 >2CayAl 38140, . O + 2A1(OH)3+ 2510,

Some epidote of the BadnabayAmay'have tormed in this way,
put it 1s tnought that the most occu.rences ot this

ineral are the result ot a reaction similar to that
depicted by equation (1) ot this section.

In the microsyenites, aegirine-augite gives the
impressi n or being one of the last rormea minerals
p.ocause it i. n.t penetrated by other minerals and often
encloses s all r1lakes ou biotite and grains of nornblende

(p.154 - 155).
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The accessory minerals, narticularly apatite and
sshene, are very com.on in the micros;enites (p.156),
increase 1n amount being accomwanied by increace 1n
size., The amounts of apatite and sphene are related to
the amoun' s of the ferromagnesian minerals for in the
banded icrosranitec an increase of those accessory
minerals is seen in the mafic bands relotive to the
telsic bands. It i considered that these minerals
vere formed tfrom the rerromagnesian minerals during
the metacsomatic development ot the Badnabay group.
Apatite and sphene appear to have grown late by pushing
aside the other minerals althoush in some cases epidote
and ricrocline anpear to be moulded on to larger srains
(p.156).

While chlorite is usually an acccssory mineral,
it is occazionally the predominant ferromagnesian mineral,
It is mo t vrobably results from the hvdrothermal
decomposition or hormnblende as tollows:-

(7) Hornblende + water-m zoisite + iron ore + chlorite
+ quartz,

All oroducts on the right hand side of the equation are

not alvays seen together but such associations have been

seen (p.157).

Quartz has formed at various stages in the developent
ot the rocks, for example zmall rounded grains represent

an early gener-tion and large lobate patches represent

a very late phase of tormation,



Granites, regmatites and Aplites

Ribs of zranitic, pegmatitic and aplitic material
are comzon to both the padnaba and Cnoc nan Cro groups.
In the tormer ;roup the ribs .axy in composition from
sedic to potassic, commonly containing an amount of
microcline similar t> the host microgranite; in the
latter zroup the ribs typically contain approximately

qual amounts ot quartz, plagi>claze and microcline,

Peg atites and aplites are tound almout exclusively
in subsolvus ranites and indicate a hydrous environment
according to Tuttle & Bowen (1958, p.139). Experimental
evidence has shown that K is extracted trom a liquid by
a vapour in preterence to Na and that K and other
constituents can travel rapidly through the vapour in
r.sponse to a temperature gradient (Jahns & Tuttle, 1963,
Pe90) » This mechanism may account for the sodic aplites
of the Badnabay .;roup.

1t seems possible that the ribs ot granite,
pegmatite and aplite were derived from the same source,
probably pegmwatitic, containing subctantial amounts ot
dissolved water or other volatile constituents, A
variation in the temperature gradient would produce a
tluid of the neccssary composition. variations in the
percentage of dissolved volatiles and in the confining
pressure would produce the variation in grain size,  Prior
to any loss of volatiles pagmatitic tluids would be at
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temperaiures ot 600° - 800°C at tairly high continins
pressure, It this fluid were to lose volatiles through-
a drop in confihing pressures its liquid temperature
would rise, rapid crystallization would occur (cf. Jahns &
Tuttle, ope.cit.) and aplile would be tormad. This would
oc:ur either during or arter empl cement (cf. Emmons, 1940,
pp. 5 - 8, A structural or metamorphic control must
hav: been pre.ent during the formation ot the ribs,
Pogmatites are particularly commoﬁ?the Cnoc nan Cro
group where man- ot the smaller pegmatites occur as
irregular masses grading down into clots and lenses,
The vodies fall within the group described as concretion
and .ezsrezation pcgma’ites by namberg (1956) and Barth (1961).
These authors vostulated their origin as being dme to
dirvusion or material from the country rocks during a
metamorphic cpisode, It necessary the pegmatites pushed
acide the country rocks in a plastic manner to make room
tor themselves, Some pesgmatites in the Laxfo:d area
are tound with stringers that penetrate alonz the roliation
whilz »thers contain relict patches o1t gneiss, bsoth
these types oould pe considered to be examples of
revlacement pe:matites ot metasomatic oiigin, A few of
the larger pegmatites ocecur as thick continuous sheets
within which a gradation from pegmatite into granite is
ocecasionally seen, These rezgmatites are probahly

magmatic in origin. North of ILaxford Bridge sheets ot
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microsreanite either cut or are cut by irregular masées

or sheets or pegmatites, It is th>u~ht that the
granitic ma-na vas mrditried by a large increase in the
volatile constituents, producing a pegmatitic fluid that
pocsibly links a magmatic fluid to a metasomatic fluid
(see also p. 260 ) e The -mall s rerks and pods of
grenitic and pemmatitic materia’ either have been derived
#rom the pegmatitic tluid or are m tasomatic in origin,

4 megmatic ~rizin for the pegmatites supports the
conclusion of Hitchon (1960) who suggests that the
pegmatites are better termed coarse-grained granites
which commenced crystallization at temperatures above
gooc. Thi: temperature is consi erably above that
postulated earlier for the microgranites, but it

receives supvort from Erdzhanov and Satrapinskaya (1960 )
vho consider that the presence of allanite in pegmatites
indicates a hich temperature ot formation,

Since certain pecmatites contain relics of gneiss
it is possible that they not only intruded, but also
replaced the gneisses, Thus it is probable that
crystalligetion occurred under open-system conditions
to allow the removal of the replaced ions, |

It is unlikely that the granitts, pegmatites and
aplites ot “he Cnoc nan Cro and Badnabay sreups developed
rhrough radically ditferent processes, in particular,

the occurrence .»f ribs in both groups sugzests that there

ijg a cenetic relationship between them (see pp. 258-b3).
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Layerin in toe _renitlic rocks.

Layerin: in granitic rocks has bden described by
several auvnors (zmeleus, 19653 Janhns and .uttle, 1965
and is generally considered o be a magmatic phenomen.

he streaking and striping in the radnabay group
bears some resemblance to the layering in the Greenland
granites (uzarry and smeleus, 1960 ; Lmeleus, 1963). 1he
mineral constituents are similar but in the Greenland
granites plagioclase exhibits oscillatory zoning (kmeleus,
196%, p.20) and in general there is an igneous texture in
these rocks. These layered granites are interpreted by
Bmeleus (196%) as crystal accumulates, the presence of
water and fluorine and slow cooling of the magma being
important factors in their development. However the absence
of graded bedding, cross bedding and other sedimentational
features suggests that gravitational crystal settling
during the primary crystallization of a magma cannot
satisfactorily account for the streaking and striping
in the Badnabay groupe. Moreover, the mafic streaks
in that group display features that resemble relic folds.

In the Cnoc nan Cro group many of the observed
relationships within a granitic sheet are closely similar
to those described by Jahns & Tuttle (1963%) from layered
pegmatite-aplite intrusives (for example, see fig.l, p.80

in Jahns & Tuttle, 1963), the more so because the aplite
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described in their paper has been identisied as tine
zrainzd sranite by other writers (Jahns & Tuttle op.cit.
Pe80)e ilineralogical composition of the aplites, expressed
as vercentazoe ., is not given by Jahns & Tuttle, but it is
nossiole that many ot the Cnoc nan Uro microsranites
would =2)oroxaimate in composition to aplites described

by those authors, ilost or the relationships seen in the
Cnoc nan Cro ~roup are similar to those in the group ot
segmatite-aplite intrusives that are recognised as
composite bodies represeut.ng multiplce injection o. magma
trom exiernal sources. The magmatic origain o+ tnis gross
multiple Layering i. partly coniirmed by the following
evidence:—

(2) In man, localities the several rock-types may be
separated by thin screens ot country-rock,

(b) \hen the various types are in contact each retains
its ovn identity and there iswually a fairly sharp,
often planar contact between each type,

(c) Th scme rock types otten display discordant
relationships to one another, confirming that age
dirtermnces exist,

This t-pe ot layering is clearly seen in the field. Two
further types of layering exi:t in the Cnoc nan Cro zroup

thus:
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1) Certain types ot layerin: .how a gradual passage

from coarcer ricrogranite into the normal finer grained
microgranite in»one dir .ction and an abrupt change in

the opposite dirsction (Plate 38). This type ot layering
~ay retlect some kind or localised fracti nal crrstallization
in vhich the density ot the larger and early formed crystals
olayed an importent role.

(2) 4 streakiness is often present in the microgranites
and could be described as a type of layering (cf, Jahns &
Tuttle, op.cit.). These layers (Plate 39) are thin,
usually discontinuous and slightly coarser in grain-size.
Unly rarely do the - display cowpositional differences.

Such layering could be ascribed to flowage during the
consolidation of the .icrogranites (cf. Jahns & Tuttle,
op.cit.). Layering of these kinds may also be explained
by variable conce. trationsjpt volatiles in the late

stazes ot consolidation, with flowage or some structural

mechanism controlling the attitude of the layering.
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The rlu-rine and Phosphorus content >f certain granitic

and crehitic rocks.

The zluorine content ot a number ot Cnoc nan Cro
microzrabites and pesmatites and Badnabay microgranites
and micro yenites has been determined (Table2fa).
Generally hish and low values ot F can be correlated
yespectively with hich and low values of 32(%. ot
of the P205 is contained in apatite, as shown by the
gosd azree.ent between modal and normrtive amounts
(Table “4b). Hoviever, apatite can only account tor
small amount:s ot F «~ analyses ot fluor-apatite quoted
by D er, Howie & Zussman (19639 indicate ‘that the
ra i» PZOS : F usually exceeds 10 : 1, whereas this
ra io in the Lextord granitic rocks, vaxies from
CeT75 ¢ 1 t> 5.5 ¢ 1 (Tfable 25). Presumably much ot
the rluorine is associated with the terromagnesian
constituents, parsicularly hormblcende and biotite,

Visielius and Hurst (1964) have shown that granitic
rocks arc near a natural closed system itr (1) chgexhibits
a strong negative correlation with SiO2 and po:itive
correlations with 41,05, TiO,, FeZOB’ Pe0, g0 and Ca0O (2)
gimrilar correlations exist when P205 and the major oxides}
of the ;ranitic rocks are divided by oxygen, Their
rcsults also show (1) that the phosphorous content
incroases as the amount or ferromagnesian minerals

oresent in the rock increases, a conclusion siilar to
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2-e Badnabay group Cnoc nan Cro group
W P205 R P205
Ho46 174 3.07 Ll26 0.05 0.11
5215 Ol 44 1.11 1113 O.04 O.u8
156 Ced5 1.27 72 Ue U4 v.12
5121 Q.25 l.222 1AC 0.uU3 U. 09
sS4 O.cu 0.21 S74 n.d. 0.02
183 C.17 0.16
IHZ O.l2 0,19
153 Coll Ueld
1152 .07 Co2u
016 0. 04 0.03%
1149 Go O 0.06
115¢ U025 0.06
24b Apatite values
mode mesonorm 1126 mode mesonorm
B346 6.5 6.48 O.4 0.22
R215 2.7 227
156 2ot 2459
183 Vet ve2l
43 V.6 V.42
133 Ve’ Ue38
0121 1.4 2+56

Table 24 a) F and P2O5 values for the granitic rocks,
b)) Apatite values.



Badnabay group

1.7¢

R

\J
N

N

2.6
501
1.05
0,94
1.58
l.64
2.56
0.75
1.50

2.00

P205

L1226
£115
S72
TAC
Su

Cnoc nan Cro group
2.02
2.00
3.00
5.00

: F ratios for the granitic rockse.



that reached by vost (1931) who round that as the
ba..1city of granitic rocks increased so alsa did the
the content of P205 and (2) the _igher the content o.
the quartz, the lower the content of P,

Because or the close similarity ot all Cnoc nan
Cro microsrenites in cnemical composition correlaticn
sraphs could not be obrainead, Hovever, in the :iadnabay
ZTOoUp, P205 exhiol's a strong negative correlation with
SiO2 and A12u3 and poitive correlati ns with Ca0, NgO,
110, and FeO. In this group, the other r:sults are
similer to tho-e 1 und by vistelius and Hurst (1964).
Thug,only the strong nesative correlation PZOS exhibits
with A1203 poin“s against the possibility ot the Badnabay
group ¥ rming in a natural closed system. This woulLd
appear to inaicate a magmatic origin ror the group.

However, the same correlations can also be
explained by the metasomatic introduction of P in
asshcration with r into pre-existing gneisses and,
gince these elements combine essentially with the
constituents of ferromagnesian rminerals and Ca, this
could give rise to the positive correlation that exists
betw en PZOS and CaC, Lig0, FeO and TiO,. An increase
in the ferromagnezian constituents in gneisses is
balanced by a d:crease in quartz and teldspar and this
could account for the nega‘ive correlation that exists

between P205 and 8102 and A120 .
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Brecciation of the granitic rocks

ian—- or the zranitic rocks show sisns of brecciation
and .yl-:nitizeti:n. Since this feature is usually
contin.d to the granitic rocks themselves, it is probable

that it is related to their f-rmation.

lorter structure and cracks which ro-iuce
dispnlac ment of the twin lamellae in the teldspars are
the tirct indications or brecciation, In the extreme
caces of brecciat.on the rocks have been intensely
sranulated and the teldspar hishly altercd,. Ificrocline
could not be identified in those cases, althoush it may
be represented by s-me ot the highl altered, granulated
material.,

Hacmatite is as.ociated with the brecciation and
ig so comaon in some microgranites that it produces a
very deep red to maroon colour, Otten haematite occurs
with highly altered material, probably riainly plagioclase
which i3 surrounded by fresh microcline and quartz,
iicrocline is occasionally atfected by haematitization,
chl rite, -iotite, ecidote, calcite and a serpentinous
~ineral are vrobably the products ot brecciationy Usually
epidote forms rairly large grains in the hrecciated rocks
with the zranulated or wispy minerals "flowing" round
these grains. Also associated with the brecciation is

the develop. ent of small irrezular patches and veins of

mrtza.
n X --2



In the 3adnabay croup, brecciation aspears to be
confined to the microzranites and has only been seen
in the itudha <uadh and Loch na Seilge sheets, In the
Rudhe nuadn sheet, it is confi%d to the mar:;ins, being
bveszt develop:d a tew reet trom the contacts, In the
Loch na Se:lze sheet it occurs at varisus points within
‘he sheet and also in a few of the thinner sheets that
replace the thick sheet in a North-westerly directiom.
Tt seem:s likelv that brecciation is due to late

readjustments within the sheets, p.rnhaps during upward

m:vement,

In the Cnoc nan Cro roup all stages o« brecciation
occur from nminor sra.ulation and displacement of twin
1a ellae in the zeldspars to complete mylonitization.
Even in cases vhere mylonite is produced, brecciation
or thr adjccent gneisses has nst been seen. Brecciation
can be trace: over long distances within one cheet,
ro. example, 2 cheet composed almost entirely o. mylonite
can be trace’ to tue north-wecst srom Laxtord Bridge for
a distance H»f 8Q0 metres.

granulation arzects all the minerals although
at an intermediate stage in the formation oI mylonite,
guar z and slagisclase appear to be rather more easily

granulated. ror example, a specimen from a sheet that

crops out on Cnoc nan Cro, contains suall granules of
- 256 -



quartz, pi-zioclase and occasi nally uicrocline, larger

grains oI microclines thin wavy micaceous rilms that

Tl ow round 1enées and pods o1 granulated material.
nrecciation or granulaticn 1 usually concined

to certain narts of a sheet and otten cannot be tracead

over more tuan several metres.

Haematite, au snown >y the red colour or the rock,

occurc in mylonite, but is a rare constituent or the
other brecciated microzranites,

Since 1t i. ¢:nuinea to the mierogranite :cheets,
the brecciation 1s probabl - relatea to the upward
Lntrugion ot largely ~olid granitic material ana may
be usea to upport the earlier conclusion that the
tempera.ure of the magma was only just above the

minimum value.
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Sunrar: of the evidence on the origin of the granitic rocks.

The evidence described above anpears to ravour a
magmatic origin for the Cnoc nan Cro group, a metasomatic
origin for the Badnabay Group, an anatectic-metasomntic
origin for the Iaxiord Quartzot . ldspathites, a metasomatic
origin tor the microgranite portion of the microgranite/
trondhjemite veins and cheets, and a magmatic origin tor
the LE - SW .ugmatite dykes, Thus, granitic rocks,
closely associated in the tield and so similar that they
have been mapped as one group by the Geological Survey
(P.ach et al., 1907), appear to have evolved by
ditferent nracesses.

the si plest solution to the problem of the
multiplicity ot rock-types is that the various roek-types
belon: to one igneous series and represent differentiation
products of the same parunt magma (cf. Buddington &
Leonard, 1962). However, the evidence does not support
a magmatic orizin for each group, although contamination
could b invoked to explain the variety of rock-types
and the relict zeatures of the Badnabay Group.

However, the pretrerrd hypothesis is that the
cozponcnts or the Cnoc nan Cro sroup are magmatic in
origin and torm a granitic injection complex; the
Badnabar Group, the microgranite portiomn of the
microgranite/trondhjemite bodies, having developed

throuzh potnusium meta_omatism which is thought to be
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an emanation from the granitic magma (see later), are
related to that group. The NE-SW pegmatite dykes
vrobably represent the last maniiestation of the granitic
AT The Lexzord Quartzorreld. pathites have been
derived by local anatexis, but have been moditfied by
pot=ssium meta omatism,

The granitic injection complex has been divided
into (2) the irtrusive sheets, composed predominantly
ot microzranite (b) the migmatites and (c) the pegmatites,
Cheracally the granites and microzranites are very similar
to the late -kinemetic granites or rcennoscandia (p.166).
They are not jenetically relatea to the other rock-types
~r the laxrord area - a conclusion similar to &hat reached
by many other writers in comparable n~reas (for example,
simenon, 1960; liarmo, 196f; and Dearnley, 1963) - for
the rollowing reasons:
(1) Their enormous volume makes their derivation from
he ~ncisses or their prsition as an end-member of the
igneous-complex unlikely.
(2) Their compesition, particularly the high K,0 : Na,0,
is radically ditferent from that of the metadiorites.and any
l1ate-stace trondhjemites »f the igneous complex, in
which the ratio Na20 : K,0 is high,
(3) Their homogeneous nature is arkedly different from

the heterogeneous striped nature of the gneisses,
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(4) The p:orcentage or maric minerals in a granitic sheet
is congiderably less than that present in an equal thickness
of the 7nelssos.’

rrom the chemical data it is significant t- note
that normative =znorthite, which varies from 10% to 16%
of the plagioclase moleczule, is lower than the
pe'rographically determined an»rthite content »f the

plasioclase which varies from An20 to An This .

25°
discrepancy may be accounted for by assuming that albite
occurs in considerable amounts in microcline perthite
or 28 rims round plagi clacse,

.igmatites are extensively developcd both south
ot Lexrord 3ridge where the granitic material almost
always occurs as discrete veins and sheets ot microgranite
and to the nozsth vhere granitic material is often more
intimately associated with the gneisses, occurring as
streaks and p>ds, The latter phenomenon is probably
due t the higher pcrcentage ot volatiles associated
with the zgranitic material in this area, An increase
in K has usually accompanied the increase in volatiles
so that the streaks and sods are otten very rich in
potach reldspar, rurther increases in volatiles and K
may have produced a K meta omztism, Thus, it is
su;sested that X metasomatism is genetdcally related to

the granitic cnd pegmatitic rocks o. the injection

co.plex.



wher. 1@ have been an overlasping ot K and La
metacomstiss, out .ince there 1s no direct evidence
o up. . rt thi. sugzestion it is simoler to conclude
iht La motssomatism and injection or trondhj=mites
had essentially ceased prior to the onset of the K
retazomatism,. Since (1) the Cnoc nan ro microgranites
do not avpear to have produced K metasomatism in either
adjacunt gnoisses or inclusions T gneiss and (2) the
inclusions of gnels. ¢ ntain _imilar azounts »T potash
teldspar to those gneisses »Hutside the sheets or micro-
sranite, 1t 1s possible that K metnsometism preceded the
injection ot granitic material. A cetasomatic front
of & with sranitic magma zollow.ng in its wake has been
do cri-ed several times in the literatuse (Read, 1957).
K metasomatism has aitrccted the zneisses and many ot the
meta-i.neous rocks, producing g.anitic rocks ot varying
aspect in 1t 1inal exp.ession.

The nature or the i+luid that has pioducea the
metasomatic eiciects must remain conjectural.  However,
evidence 1rom str:aks or pure potassium reldspar in
the zneilsses susgeo.t that i1t was extremely rich in K,
Perhaps the rluid was basically composed ot K and
several volatiles, for example H,0, F, Cl and c0,, other
elerents being incorporated as the fluid reacted with the
~inerals of the host rock. K metasomatism post-dated
the tolding and foliation and, since the developmnent of

pota zium t21d par was parallel to the toliation, was



intluenced by an active structural control.
The rerults of 4 uctasomatis  as exhibited by

{he [axtordian zZnelsses are:-

(1) Str.onks ot pure potassiu. teldspar and stripes
contairnin: varieble aiounts ot that feld .ar arz well
sveloped.

(2) Biotite an? e¢»id>te have formed tr m hornblende.
(3 syrmekite and sodic rims to plagi clase are
com only developcd.

The most imp:rtant rcecsult >f the metasomatism has
been the & -velopment from the gneisses ot a series ot
crenitic and syenitic ricks that have been termed the
3adnaba " Sroup. There are, at present, very few
homoy neous potash-poor gneisses and it is, therefore,
unlikely that such rocks existed prior to metasomatism,
Thu=, if the Badnabay group is retasomatic in »Hrigin
the procescaes involved -ust have been such that
homogenization could take place, Lerge amount® of
wa er vapour and other volatiles may have produced
sarticl melting at temperatures below 600°C (Tuttle &
Bo.en, 1958, p.126) although the amount of liquid present
c-uld n-t have bren sutficient to produce complete
homogenizati-n (op.cit.,p.125) so that relict features
would remain in many cases, rartial melting would
probably produce granitic rocks sufticiently mobile to
efrect discordant relatisns with the adjacent gneisses,
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Dxnerimental data sugzest that Cal, g0, P205 and pcrhaps
Pe oxid.s are rclctively ins-luble in the hydrous vapour
phe.e (Cuttle & Bowen, op.cit., 2.91) and this fact

ray nccount for the concentration ot P205 in the micro-

cyenites.
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The 'rigin of the Granitoid l=azmms

e ori in of me~ma of zra.itsid composition hes
heen o controver 121l os the origin of th: rocks themselves,
e ~ource of the matmo is of no ~reat sisniticnnce in
thiec study and, theretore, the possible origins are
discussed onl: hrietly.

A owmegcms T crenitic composition can evolve by a
nrocess f either (1, magmatic differentiation or
(2 difrerenticl tusion o« crustal material (2 anatexis).
2owen (1928 )was the chiexr exponent of the magmatic
ditfer ntiation h -pothesis, against which the mein
ar ument hcs been the absence ot swticiently large
volumes -t basic material =ssociated vith the granitic
meterial, because the volume ot granitic masma produced
by difteventiati :n from more basic magma is small in
com arison vith that material, Recent work. suggests
thrt difrx rential fusion of crustal material is more
1ixely (Tuttle & Bowen, 1958; ILacy, 1960). Granitic
rocks ar: almost always present in the sneissic terrain
evidence wihich tends to suggest that gneisses are
involved in the formation of granitic magma, This
appcarse to be the case in the Laxtord area.

In t.i study, it is helieved that granitic magma
wag evolved at depth by the diiierential tusion of
—~ncis-es, p rnaps of chemical composition similar to

those now present in the ILaxford arca. This process
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ves probebly coetalyoed by the presence or volatiles,
vhich are taou ht to be of :onsiderable importante in
in the develoom nt or the zronitic rocks of the Laxiord
aren., e .ource ot the velatiles 1. unknown.

L omarma of trondhjemitic composition can also
evolve by either or the processes m:nti-ned above,
The occurrence ot tronadhjemites in ~sneissic terrain
osain cuog.osts the orobability or dirterential fusion
or »rustnal meterial. There is no clear rezson why
tv. no-mas  f o dittering composition should be produced
in the .z:x¢c area one after the other. Possibly an
evplanation can be round in the recent experimenial
work of von Plrten (1964) who has shown that the composition
~f 'he re Wltant naza will d pend on several factors
includin- ‘he chemistr- or ‘he original gneiss and

the »nre sure - teup.ra.ure conditions.
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.etasom~tism

3oth codiun and notassium netasomatism are
cn.icer ¢ to nnve played ar important role in the
devel v..ent ot th: Laxrtor ian complex.

ilet.somrtism is considered to take place eunther
by clid discusion (P rrin & Roub~ult, 1949) or through

n agueouc phase (Read, 1957). Rec:int experimental

&

date suzgest that solid ditiusion rates are too slow

to be ..tective in large-.cale transtormati-ns (fyte et.al.,
1958), vh rea. cmzll-scale metacomatism by tluid has been
roved expnerimentally by crville (1962, 1963), who shows

cation exahange reactions are ol undamental importance

in metnoomatiom, ne has demonstrated conclusavely

thet Lat 2nd X ions will mizrate relntive to one another

under certain ¢ naitisns, +or example a thermal gradient

or & variaticon in the anorthite content ot plagioclase

within a rock mass, K ions diffusing towards the low

tenpernture end of a thermal gradient or only 30°C in

the presence of a chlhride solution, He :tates that

hot elikeli-bearinz tluids in equilibrium with two alkali

teld pars vill, on cooling, result in the sodic

plagioclase being replaced by potash reldspar as rollows:-

LaAl8iy0q + Kt —> K151 50g+ Ne.
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It 3i.., i. ab-ent from the rluid no other reaction can
tace lace. ir. ~neigues, replacurzent of -cdic
plagioclese b, potash Teldopar mey be due to the
intraduction cr alkali-besring,not volatiles which

cannot attein equilibriumn with both oli~z-:clase 2nd
microcline uvntil the X/lia ratio in the fluid phase is
lovered, It sh-vld be n-ted that "increasing anorthite-
conten: -f the plsgioclase phase corresponds to increasing
K/lia retio in the vapour phase and is theretore parallel
to the efrect or increszsing temperature" (Orville, 1962,
p.301). ... nsomatism in those ca:es is exvlained by
the mechanism or "i‘ransport by flowing rluid". In
other ca.es, metasomatism can be explained by "transport
py dirtusion in static tluid" i.e. metasomatism within a
volume of rock that can be c-nsidered to be & chemically
closed system. It a thermal gradient exists within a
rock mass in vhich mierocline and oligoclase are evenly
distri-uted metasomatism results in oligocla.e being
rcnlaced by microcline in the cooler part and mic rocline
beins replaced by oligoclase in the hotter part (Orville,
op.cit.e

Although small-scale etasomatism has been

dem-nstrated ex,.rimentally and several mechanisms for
metasomatism propounded, the mechanism involved in

laroo-scale metaso atism remains undetermined, Perhaps
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the rate or difrtusi n ot ions through an intergranular
riuid =mi~ht be to> -low to be -t importance feolo [ically.
.ovever, i1 thi.. ditriculty can be overcome (cf. Walton,
1960, metasoma.i.m c'n bs considered to be or ~rest
irportence in metam:rohic terrain,
rurther -videncc in sup ort ot metacomatism c -mes

ryom the “ork of D nnay, 'ant and Sabatier (1959; who
nave r-und exnecrimentall- tnat water acts a. a catalyst
ir. the substitutiosn T Al and Si in silicate lattices;

. H ions enter the 5104 tctrah-.dra, cr.ating strong
velarisins etrect: which weaken the bonds and tacilitate
ov.uent of Al nnd 5i through the lattices, The
rormation of s licaies ‘hrough diftusi m of Al and Si

in the . 1id .tete is thus greatly tacilitated b» the
resence or small amounts or water, Bowen & Tuttle
(1958) have shown the cr-stallization temperature of
feldsner is 1-wvered by the presence of water under pressure.
piftusion r:tes ar asain uncertain but perhaps a process
~f Teldssathization would be catalysed by the presence

of water, In the vresent stud; while feldspéthizati'n

(

that the vrocess to k place in the solid state (ef, Fyfe

]

meta_o atism, is possible, it is considered unlikely

et.al., 1978); the presence ot an intergranular fluid

wng nrobably e. .sential,
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sev.rnl Teatures ot the Laxtord granitic rosks

and zreil .ces suzzect the operntion or pota.sium
metasomatisn during the Laxtoraian metamorphism, Pitash
‘eldsorr and, to a lesser extent, biotite 2rd epid.te,
the THhrmati n of which has already been deccribed
(p240 ), ore the sroducts t this meta_omatism,

In thin zoction nicrocline a pears to be the only
variety ou« otech reldopar, 1t mey be signiticant that
a much higher er-e:tne of nicrocline ;rains in the
~nei ces thon in the zranitic rocks exhibit grid tvinning.
For exn.ple - 1in a 2.m, thick lay.r composed almost
entirely o1 iiicrocline every srain showed perfect grid
tvinning vhereas in the microgrenites 20 - 30% ot the
ricrocline jr=ins show no twinning and ill-defined grid
tvinning. Goldsmith ond Laves (1954), on the basis ot
crystall ;;ravhic con.iderations, conclude that grid-
tvinned .icrocline has pacssed through a monoclinic
sta e (>rthocla.e), the trarsition taking place around
52500 under h-drothermal conditions., 1f the:ze
ex . erimental date are correct the apparent sbscnce of
orthoclace suziests that 525°C can be taken as the
upper emper~ture limit during the Laxtordian metamorphism,
iovever, .ac enzie and Smith (1961, qucstisn the
validity ¥ this conclusion, They also state that
microcline is likely  to be composel of almost pure

potash teldspar.
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Yerthaite i uncommon in the microcline of the
~nels. esy  “hen precent it is of the ftlame vericty.
i the sranitic rocksz, however, perthite (also of the
tlanc voriety 1is »rominent, The com on ccurrence of
nmicrocline, vhich mey or mey not be of the flame verthite
veriety, with pla~zi cla.e immed by more sodic feldspar
and myrmekite .ugge.ts that this cssociation is or
~enetic igniisiconce (.ee later . ¢t pertaicular
inter .=t is the .ource 1T albite (,ee DRe2T2-4

‘Potassium metasomatism is comonly considered to
be an immortent mechonism in metamorphic teriains (Mercy,
1959, and is considered to have oczurred in the Lewisgian
of _.eirloch (P=rk, 1963, In the Lexford area
p .tassiws metasomatism appears to have pmwduced large-
ccale moditicataions or the pre-existing gneisses, the
end- roducts being striped microgranites, leucocratic
icro rernites, microgranites and microsyenites and
asgsociated rocks,

in ‘he nrecent research it has been shown from a
situdy of staincd pecimens that relative to other gneisses
inclusions witnin the Cnoc nan Cro microgranites do not
anp.ar t have -uwiered p.otassium metcasomatism n.r
do the sneisses immediately adjacent to even the breadest
sheets, for example the Rudha Ru~dh sheet. This
conclusion does not ~reclude the vossibility of a general
potassium melasomatism. An excepti n to this conclusion

- 270 -



can be cecen in cortein relies within the Rudha nuadh sheet
that cppear to represent intermediate stages in the
developizent ou the microsyenites,

2

& sineral ot :sssum metacow tism is susgested by
the racte that (1 there is .wwre potash feldspar in
many of the Laxiord area neisses than in the gneisses
T the Scourie area (nresumed to be cquivalent to the
parent rock or the Laxtord sneisses) (2) the rat.io
Z/fia is higher 1o the Laxzo:a Bay and Weavers Bay
sneisces than for the Claise Fearna and Badnabay gncisses,
and®:he Badnaba - sroup of sranitic rocks 1s considered
to represent rocks that have suttered extens.ve modirication
by pot .osium met:somatism,

The relatively hizh values ou F in the Badnaba -
sroup (Teble 23 ) ar. cignidicant in the 11 ht sz Orville's
experiments which w re carried out in the presence or
chloride zvluti-ns (Qrville, 1962, 1963). Chlorine has
not been determined in the rocks rrom L.xrzord, but it
1s considcred that rluorine vould be at least os active

ana probably more so in a meta.omatic procesg.
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The Source ~r Albite.

. hr-othesis on the source of albite muct explain
the £olloving toctoi-
1 11h1i e occurs os rlanes in microcline erthite and
re iber-ronulcr mntericl between sSrains ot microcline,
2) Alnite -ccurs 28 sodic rims to nlagioclase nt
~icrocline-~la-ioclmse contacts, with myrmekite occasicnally
developing vithin the normal plagioclase, The sodic rims
me be albitic or only slightly more sodic than the core.
mhere are three nossible sourc s ot albite: (1Y from an
oririnally homozeneous alkali teldspar, (2 from
pla~ioclaze or (3 from 2 late-magmatic -r metasomatic
fluid.

_icrocline is associated with all occurrences ot
a1bite and, theref-re, it can be reasonably concluded
that the ‘re_ence ot microclinc is essential for the
jevelopment ot albite. Thus, it is possible that albite
was derived trom a homoteneou: alkali feldspar that was
orecent at high temperatures, but unmixed to produce
soda and ootach feldspar at lower temperatures. However,
it is extremely unlikely that microqline in the gneisses
sa:sed through a homogeneous alkali teldspar stage or
even o hiszh temperature stage since (1" in the gneisses
there aore treass, 2 m, or so thick, composed almost
entirely >z nicrocline and (2 the temperature that
prevailed durin: the metamopphism of the gneisses was
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about 500°C. FPurtherm- re, amounts 'z azlbite (60% in
some ca:es, in microcline p-rthite are zreater than in
homngeneous al:aii feldsoar. sheller (1964) considers
that myrmekite is due to the incornoration ot re-
crystallizins quartz in srowing albite that has exsolved
trom orthoclace. In the ILaxtord area the complete
absence or m-rmekite from sodic rims does hot supoort
this ¢ nclusion and it is concluded that albite was

not dcrived trom a homozeneous alkali feldspar.

A late-meg atic r metasomatic tluid carrying
the nccessary ions could sroduce sodic rims to plagioclase
and penetrate microcline to form flame perthite, Evidence
asainst this is that sodic rims are present only at
microcline/plagi~clase contacts vhereas it is likely
‘net they v uld be present at other contacts if this
1yoothesis is correct,

The variable composition ot the sodic rims suzgests
that the original plrgioclase could have been the source
of albite. ve-stage magmatic or - ctesomatic fluids,
elthoush they do not provide the component ions ot the
sodic ri s, are considered necessary to eftfect
decalcit'icati n ot the riim, Inter-ionic exchange

~ar take place as rollows: -
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o ) o , i
Tia Al 81303 + X = In" 4+ KAl SlBCé

Ca A1,81,0y + 2K" + 43102->Co,2+ + 2KALl Si
2+

3%
20a A1,81,C, + KT=»200F + W1 51,0, + 3217 + sift 4 40,
It only Ca ions are released trom plagioclese sodic rims
will f-rm. Hovever, where microcline corrodes plagioclese
(for exrmple, pp.241-2; both Na nnd Ca i-ns will be
relensed, the former possibly renlacing K in K Al 81308
to torm the alhite of rlame nerthite. 411 C= i 'ns
nrobably form epidote.

ivrmekite, vhich is present only in the sranitic
rocks —ay represent a late stage etrect Torming by
either the enclosing of quartz by plagi.clase during
recrystaliization or tho . e minerals or the penetration
ot lagioclase by silica. This event appears to have

sccurred either berore or during the tormation ot sodic

rims,
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V] THE METAKORPHIC shD IGIEOUS IISTORY F THE COUPLEX

The . ct:umornhisn

The nusber or . riods ot tolding and metamorphism
that hav. attectcd the Levisien complex in the Iaxford
arce cannot be ectablish-d with certrinty because the
tinal (Iaxtordian) metamcrchism has obscured much ot
the evid nce of ea:lier metamorohisms.

The minernlogical evidence from a Tew basic and
ultrabasic r cks sihowe that th. compl x has sutfered an
sarly granulite rocies metemorshism vhich could be
equivalent to the Scourian metamorphizsm as detined by
sutton & .ateon (op.cit.; and dated by Giletti, .oorbath &
Iambert (1961) at 2,600 nillion years,

There is no evidence releting to the detor.ation
ot this period.

puring ~he ILater meteiorphism (Laxt rdian as derined
by Sutton & Wat on ( p.cit.) am-hibolite tacies conditions
prevail d. This m tamorphism is essentially retrograde
and i considered by Giletti t. al. (1961) to have occurred
1600 m.y. 2300 The presence in a number of basic r-cks
‘f a pale ;reen clino-pyroxene containin-; relics of
hornblende sugscuts that the - etamorphism increased in
intensity)as ti.e progressed)to upp2r a::phibolite - lower
granulite facicecs grade, a temperature of 540°C being

coched (ef. IEngel & Engzel, 1962a). The algence of this

mineral in man-s basic rocks shos that there was a return
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to o lover metamorphic —ran’e which is of the epidote-~
27w iibolite Tacdioes sc indicrted by the tact that the
tcld 5n icce inverinbly conizin epid:te in close

associati n witl: oligoclase (po69).
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The loture of thic Com:lex Prior to the Laxtordian lLictamorphism.

rundnsental o 2 diccussi n on the Ieaxrordian

1is:, particularl: if mcetoe-matism is involved,

ie 2 knovwlede ot the rock types nri-r to the metam rphism.
L her. are, -t present, two radically opposed hypotheses

on the ncture of the r-cks that were involved in the
ctemerohion, ot on (ov.cit., considers that those
roclze <¢re Scourian sneisses consisting ot two roups,

+the charnockitic gneisses belonzin: to one and hornblende-
~nd biotite-sranulit:: to the other, She suggests that
they foraed during the same metamorphic epishde and it is
probable that ~ranulit- racics conditiams persisted

durin~ this metam rohisn. Bowes (1962 sugg:sts that

the rocks were edinentc derived rrom Scourian gneisses
and other rock lLyp:S.

The majority of the Laxford gneis.es appear to be
sodimentary in orizin, a sreywacke-type being the most
1ikely (pn.175-180). “he relict granulite tacics
rmineral assenblages ot certain intcercalated basic and
ultraba.ic rocks in the Laxtord arsa indicate that
~renvlit . tocie. metomorphic conditins prevailed at
~ome time »nri r to the Laxtordian metamorphism and that
the m tasreyvaclikes were granulite f-cies gneiszes at

thi. stage.
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Associntcea with the early zranulite facies gneicses
ves © series ot aeta-izneous rocks which inciuded
actaneridotites, ultramaric rocks, & motagabbro-plagioclacite
complex, metatholeiitec and ..etadiorites. All except
the me’ntholeiites are thought to be genetically related
(ppe.2.7-208) t :xminz an early igneous complex, similar
to that described from the Uuter Hebrices by Dearnley (1963)
(pe 207 e In the Iaxtord area the meta-igneous series
pre-dates the Early (scorurian?) metamorphism whereas the
~etatholeiite. ost-date this metamorphism.

Thus, prior to the Laxtordian metamorphism, the
rozks that c.opped ut in the Lextord area were enderbitic
and trondhnjemitic to quartz-di-rrmtic znei ses, metaperidotites
with lwine-orthooyroxene mineral assemblages, pyroxenites
and/or nornblendites, zarnet-pyriclasites, anorthosites,

4 tedl srites and an intrusive suite of tnoleiitic rocks,



The paxfordian Complex

The Laexzordian complex dcvel»opca durinz the
Laxrordian metamorphic =pis:de by the textural and
mincralo-ical reconstitution ot granulite racies
~neisse: ond brsic and ul rabasic rocks, the development
ot ~r-nitic and sycnitic rocks rrom pre-existing rocks,
the intrusion or trondhjemitic, suianitic and pegmatitic
mrterirl vith a.oociated metasomatic activity, the
scrpoli 1zation or the nnorthositic and grbbroic rocks
and the devclopment od 2 new set or structural elements
(see L1356 27)

The principal ieatures or the eprsode are
(1) The devclopment of the structure ot the complex,

It is primarily the development ot the Laxtordian NW-SE
tolds and associated axial plane foliation that dips to
the SW but also includes a late phase ot folding and
phase of jointing.

(2) mhe dovelopment f trondhjemitic rocks and an

a ,cociat~d sodium metacsonatism that modiried the gneisses
and early i:n:zous rocks. This may be termed the
ntrondnjemitic injection complex".

(3) Trre d velopment of granitic rocks and an associated
sotassiwn etasomatism that m>dified the gneisses, early
isneous rocks, ~nd trondhjemites, producing in many cases
cranitic and cyenitic rock-typese This may be termed

"the zranitic injection complex",
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The ©i e relationships between the phases ot
o c¢ing, .re ronihjemitic injection complex and the
crayitic irjectlon complex may be su sarised as t llows: -

The Laxrordien meta. orphism commenced with the
irjection of trondhjemitic material which continued
tarousiout the d velooment ot the main phase ot folding;
vodiun metazomaticm also occurrzd at this time,
.rondhje ites ‘:ontinued to be intruded atter the main
nhace of zoldins &s shown by the zact that ther cut
the 1°1ds and the oxial plane toliation, This was
tollo.ed br the development ot the zranitic injection
complex; potassium metasomatism occurred at this time,
4~ minor phace ot foldinz then followed, producing
thliation flexures and local varping, The rinal epidode
in the Laxtordian mete orphism was the development or
LE - 8V and VLW -ESE joints with pegmatitic material
£illins ¢ rtain ot the tformer.

The complete lack ot contact phenomena adjacent
to the injcction granites and trondhjemites points to
the intrusion ot the material into gneisses at a tairly
hish temperature and this together with widespreed
sextural  iwmilarivies in all rock-types suggests that
intrusions occurr«d long betore the end ot the

-~ tanor-hisn.
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sutton & “/atoon (14L2) stete that the develonment
ot '"~ronitic rocks" ostarted at the beginning of and
continued throushout the Laxtordian meta worphism. From
their ti~ures, it ¢ -earz that they have included both
trondhje itic and sranitic (sensu stricto) varieties in
their "srenitic rocks" (Sution & watson, op.:it, fig:.5>
1t has been shovn in thi. study that the trondhje :itaic
and rranivic injecti n complexes torm two independent
urits that are not senetically relat d. While the
zranitoid rocks developed throughout the metamorphism
the -ranitic injection comylex avpeared only ~fter the
-ain 151ding and foliation had developed, whereas the
trondhjemitic injection complex occurred concomitantly
with the toldincg and foliation, Potassium metasomatism
also occurred arter the tormati n or the Laxtordian
folds and toliation.

Lict: somatism ha:z played an important role in the
‘e elopment t the complceXe It is suggested in this
ctudy that potccsium metasomatism is due to a tluid
that is very closely r lated to a pegmatitic tluid and
extremely rich in water end volatiles. More water and
volatiles may :ean hisher temperatures and, theretore,

more notassiwa (ct. vrville, 1962).
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Thie scructure or the Complex

alts v e structural study of the compl x has rot

heen atte 1 ed field .eppins was essentic’ly concerned
“ith the relctionships ot the sr-onit id rocks to the
structure,. Iittle can be added to the details recorded
by otson (Hp.cit.).
Vioozon's conclusisn thot the Laxtordian structure

ie due to the rolduing or an earli—r foliation 15 contirmed
in this gstudr, Several exnomples ot the present r-liation
cuttin; vh  1old noges and lyin .arallel to the 2xial
~lane have been -een (p.35). ‘The toliation throughout
the nrer 1w concidercd to be Laxfordian for no apparent
ditzerences could be observed throughout the area, except
in the ~ttitude f the 1oliati n (con.rast ‘atson, op.cit),
“hic phase or rolding has .roduced iW - SE folds plunging
SE ond an associated axial plane foliation that dips

to the SW.

Sutton & atson (op.cit,) als> describe a late phase

t E-V folding, hich h s been recognised in this s’udy.
The Z-w Toldin: aflfcecte the granitic heets and therefore
¢ urred ~ T er the injection of granitic rocks. It can
be seen in a number ot localities, for example, 100

mevres WLW oL Badnabay vhere the foliatin swings through
90%, ‘he din beconin~ vertical or almo.st sas  The E-W
toldin: ic 1.s. well devel:ped in many cases being

rcore ented by 11 -ht tlexures of the foliation. In these
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crgesg the <irectinn o the TH1ld axes is difficult to
~etermine, bub the.c Ulexures are clearly related to
the ore obvious oW To0lds.

1.2-3V and "IW-ESE jointing hag -iven rise to

r nrominent tovograpnic foatures, The joints post-

O

dete 2ll w@satic and metasometic activity apart from
the intrucsion of o Tew pegmetites alony curtain LE-SW

joints,
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