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The Gtructiiro and petrolOiL of the eattorn part of the
Gceqtrel Oomplex of Arran# J#H.AsLiford#
Su jaary of thesis#

The Central Igneous Complex of Arran is one of tuc
Tertiary volcanic cent: os of the ..est coast of Scotland#
The thesis describes the structure and petroio” of the
eastern part o,, the Complex, anu includes a detailed
account of tlio :;u?a of Glen Dubh#

Thre”. main divisions the vom .lex are rcco “nised$
the volcanic caldera of Ard Lheinn, in the estS5 the
(granite and ms lonerate masses o.. the eastern part, on
A*chruach and the Tir Liubhj ana the intrusions of uiorite,
doierite and tjubbro on one eastern mar”-n o ti.e Co..ipicx
in Glen Lubh and Glen Orciidale#

ThL complex ic omplaced in rocks of Old idd Sandstone,
Carbonifcrous and Permian age, and in the vents of Ard
Bhoinn, blocks of khaetic marls and cinJLKk occur# The
countlV rocics of the Glvii fubh ai'oa are OIld toa Sandstone
sediments, bleached anO parti,, rcci% stallisod by taeraal
me tamorphism#

A sinuous fault viivrdes the Glon lubh aiea, and foins, to
the i.orth, ¢tiK boun. cry of t.a complex# In Glen i ubu, the
Inner urea is midnly of doierite an.. ,,abbro, the doierite
fo.-..dnn, ai. irregular ma _gin to t io "“abbro# A d"ke of fe”site
occurs along t o fouit for a snort distance and to the est
in L( lunci. rea, tl or is a thic,:. sill-like body of

fclsitc breccia# Veins of breccia oxten™® into the over-



2#

overlyinc; doierite# In t o placoo the brecclation of the
dolorit above the foiaitc 1s so.intense us to form GHOII
vents#

in the Outer area or Glen ruUn, theUf;is a lo”/ered sopuence
Sediments of Old hca Sandstone a“e iverointruded by a
concordoait gabbro and doierite body (the base is not
exposed) on oubscquenbly, before eooiin,.; of the basic
rocks, a thin shooU o0i microgranite was intruded along
the contact# deaction between Lhe microrranito an th«.
ba:ic rocki, resulted in /se formation a variable suite
Of dioji tes - finegrained diorites os .ociated with the
doierite, anvt coarser varieties vith the gabcro# In both case:
a aistinei.ion may be made between uiorites forment os o
rcsuli o. Lij alteration of solid gabere or doiorito,
mainly b, difiusion of ,fanitic material, ana uioritos
formeu. by conteiiinatiOD Ox. t o...icrogranite, which intrude
tliv other rocks in places#

A lteration of tnc 1%abL-ros is by the introuacaion of
granitic material# ho occurrence of assimilation of
sodimentaiy m aterial has been found, although smai®-scalc
a 1inilniion of wuartiite fragments in f.,ne hernblende
diorite ocu ars in one locality#

The igneous history determined jor the Ion rubh area is

correlabea with that o. die rest of the Central Complex thus;



Glen lubh Ara Bheinn
I# Intrusion of gabbros and Gabbro found as small naiilGOs of
doleriteo# uncertain relations.
2. Intiusion of microgianlte creag Mior gx'tmite#
GhOGt, and formation of 2a Formation of Glen loig 1iorit

dioritos#

3. Inti-usion of felsites and lovelopmexii of voicai’ic
tuffs, and formation of complex of ord fheinn*
breccias#

4. Emplacement of Central Empiacecicnt of granite of
Granite nita rifenor bimiein na h”Jaimh and to the
apop. ysec in Glen liitba# iorth of Glen Loig#

The isolalevi ar‘eas of diorite arouna the nortborn eage
of the vomplex are equivalent to the dioritec of Glon Lubh#
The rocks of the Glen lubh area are interpiotcd as

be n” relics of the early stages of the igneous period

which culminated in the fonaation o, ti.c vents anu coldera

of Are. fheinn# The e uivalent rocks in tno Ar* Bheinn

area have been removed duiin the volcanic episode, or

arc present only as small isolated remnants.
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I, INTRODUQTION



2,

a) Location and Physical Features.
The Island of Arran, in the Firth of Clyde, 18 the

gite of one of the five known Tertiary volcanic complexes of
western Scotland, The present study ls concerned with the
castern part of the Central Complex of Arran, and in
particular with the area about the head of Glen Dubh,
(OeSeNat, Gride Refs 9934 ). The area is part of a
dissected plateau, with a uniform summit level In the peaks
of A'Chruach (1679Ct.), Bheinn Bhreac (1649ft.), and Ard
Bheinn(1676£t. )» Exposure is sparse over most of the area
mapped, the ground consisting mainly of rolling grassy hills
and shallow valleys filled with peat and heath.

In the northern part of the area, the plateau is cut
shayrply by the deep glaelal valley of Gleann-ant-Suldhe,
and on ite slopes the streams of Allt na Calaman and the
Glen ILdg Burn cut down to bed=-roeck. To the west and south
expogures are scarce except in the deep valley of Glen Crailgag.

The only large aress of good exposure are on the eastern
margin of the Complex, where the plateau is deeply dissected
by the valleys of Glen Dubh and Glen Ormldale, the former
providing an almost complete roeck face, in a steep coire
wall (See Filgs.2a and 2b, 3a and 3b, 4b).
b) History of research

Barly work in this part of Arran was carried out by
Necker (1840), Ramsay (1840), Bryce (1855) and Zirkel (1871).
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The £irst important contribution on the Central Complex,
however, was that of Peach and Gunn (1901) who established
the voleanie nature of the Complex. OGunn found remani®
magses of fossiliferous Mesozole rocks lying within the
vent, and demonstrated the post-~Cretaceous age of the
igneous activity.

Tyrrell (1928) made a major contribution to the geoclogy
of the area. He showed that the Complex cuts through
formations of 01d Red Sandstone and New Red Sandstone age,
superimposing a regional domed structure on an earliepr
southward tilt assoclated with the intrusion of the muech
more extensive Worthern Granite of Arran. He developed
the theories of Gregory (1924) on the origin of the
pyroclastics and brecelas of the Complex, and postulated
a structure for the Complex analogous with that of the
ring centres of Skye and Mull, Tyrrell regarded the
western part as a compllcated Qolcanic vent, surrounded
by a wide ring of granite and granophyre. The marglnal
gabbro~diorite masses, particularly that of Glen Dubh, were
regarded as the broken remnants of an early gabbro ring~
dyke, now greatly intruded and "hybridised" by the granite.

The gabbro masses of Glen Dubh were regarded as a pair
of ring=-dykes, separated by an arcuate fault and a screen of
guartzite. The granlte was deseribed as intruding the basic
rocks from helow and to the West, forming the complex sulte
of hybrids.
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King (1955) studied the Ard Bheinn area of the Complex
and showed that it represented a caldere of subsidence,
within which there occurred a anurber of volcanoves, thelr
foel colineiding roughly with the present peaks. The area
was remapped in eonsiderable detail, and a complex lgneous
history was demonstrated. King suggested that the arcuate
forms of meny of the igneous bodies were conitrolled by
pre—-axleting or subsequent arcuvate fractures, rather than,
as had hean!previaualy-haldg that the intrusions and ring-
fractures were simulbtoneous and interdependent. (ef.Richey,
19184 51)

The Ard Bheinn area, which King mapped, adjoins the
area of the present study to the West,
¢) The £ield of the present study.

The results of the recent detailed work by King (opecite)
on the western part of the Central Complex suggested that
gimilar detailed work on the eastern part of the Complex might
prove to be gimilarly rewarding. Murther, Tyrrell noted
(1928) that detailed petrologleal work was required on the
rocks of the hybrid sulte of Glen Dubh., It was consldered,
therefore, that it would be worth while undertaking detailled
mapping of the eastern part of the Complex; with particular
attentlion to the area of Glen Dubh.

The whole of the eastern part of the Complex was
mapped at a &ea&é of 6" to one mile, using air - photographs

for eontrol,. In the limited areas of good exposure,



eppecially around Glen Dubh where the geology is most complex,
plane = table surveys werk made, These occupled the major
part of the tlme gpent in the field, and provide the basis
for most o this study. Approximately 15 sq.mls. at the
head of Glen bubh were mapped in this way, at o secale of
24" to one mile, and selected parts of this area were remapped
at a seale of 96% to one mile to represent adeguately the
geological detail observed. About 450 speclmens were
collieetedy and 290 thin see¢tions have been examined, On
selected rocks, mineraloglical de%enminétiona of the optiecal
properties of the pyroxenes and plegloclases have been made,
using universal stage technigues to determine optic axlal
angles in the pyroxenes and alblte twin orientations in the
felspars. IFor pyroxenes, Ny refractlve indices were deter~
mined by immersion methods. RBight chemlcal analyses have
been made, two of selected vocks by 'classical' methods,
(Washington 1931), and a series of gix on a contact speeimen,
by 'rapld' methods aftesr the method of Shapiro snd Brannock,
(1952 and 1956) with minor modifications,

The work on which this thesls is based was done whlle the
writer was a vesearch student in the Department of Geology
of the University of Glasgow. During this perioed, he was
supported by grants from the Paculty of Science of that
Univergiﬁy, which are gratefully acknowledged. The writer

wishes to acknowledge also the supervision and guidance of
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Professor Te Ne George and of Dr. De R, Bbwea, both of the
Department of Geology of the University of Glasgow.
d) Sunmary of resulte

In the re-mapping of the eastern part of the Central
Igneous Complex of Aprran, the greater part of the time spent
was on the area of good exposure and eomplex geology around
the colre of Glen Dubh. The rest of the eastern part of the
Complex was mapped on & scale of 6ine to one mile, and minor
amendments were made t0 the map of Tyrrell (1928).

In the Glen Dubh area, the structure is simple, in
spite of the apparent complexliy of outcrops. The lgneous
formatlons are arranged in a layered sequence, the orientation
of the layers being roughly parallel to the slope of the
grounds The earliest Intrusion, the gabbro and dolerite
masg, was emplaced concordantly beneath the sedimentary
country rvocks and was followed, probably while still warm,
though effectlvely solld, by a thin mlerogranlite sheet,
intruded more or less consiptently along the gabbro or
dolerite contact with the country rocks,

Between the mierogranite and the basie roeks, a variable
sulte of dlorlites was developed by reaction between the two
types. The diorites are grouped in four main varieties -
those assoclated with the gabbro (coarse~grained diorites,
mostly), and those associated with the dolerites (fine-
grained varieties), and, within both groups, those which were
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moblile ag a fluld of dlorlte composition, and those formed
by alteration of the dolerite or gabbro In situ. The field
relationg of the four types are conslstent over the area.

After the formatlon of the dlorites, the Glen Dubh Fault
was developed, and agsoeclated minor faults, which now, in
part, define the margin of the complex.

Intrusions of felsite followed, the main body of felsite
a8 & mass apparently of sill form. These intrusions were
often brecclated on intrusion, and evolved considerable
smounts of volatiles, leading to brecelation of the overlying
dolerites and gabbros In irregular vents, Velns of felsitic
material were intruded at this stage cutting the eariier
veing assoclated with the micerogranite.

The final phase in the igneous history of the area was
the intrusion of the Central Granite of the Complex, cutting
and metamorphosing the Inner gabbros of Glen Dubh, and the

intrusion of a minor suite of small acld and basic dykes.
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a) The reglonal setting,

The country rocks into which the Central Complex was
intraded are these of the 01d Red Sandstone and of the New
Red Sandstones In the East there 1s a thin development of
Carbonlferous strata, which is overstepped by the New Red
Sandstone to the West, and only in one lecality, near
Windmill Hill, do Carboniferous rocks form the margin of
the complex. (Tyrrell, 1928, D.55).

The intrusion of the Northern Granilte, in early Tertiary
times imposed a genersal southward tiit on the ares now
occeuplied by the Central Complexy; and the doming associated
with the early stages of central activity was subsequent
to this tiltlngs This feature has been dlscussged, and the
effect of the doming on the dispositlion and outerop of the
country rocks illustrated by Tyrrell (1928; pi167 « 169; and 1"
Geologleal Survey Map).

In the area mapped in detall, the country rock of the
intruslons is Old Red Sandstone; elsewhere, where the New Red
Sandstone forms the contact, the lithology is so similar to
that of the OsR«Ss a8 to be AIfficult to separate in the
fleld, Both of the red sandstones are bleached near the
contact, and the rocks converted into grey or greenish impure
guartzitess Tyrrell (1928, p«173) notes the considerable
metamorphism of the sediments, with the development of
blotite, pyroxene and epidote.
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The Complex itself may be dlvided into three parts -
the Ard Bheinn aresy the area of arcuate granite and
agglomerate intmuslons of the central, upland part, and the
areas of more or less disjointed gabbro-diorite intrusions
of the sastern amd northern margins,

The Ard Bheinn area, bounded roughly by Glen Crailgag,
the Ballymichael Glen, and the western margin, is a complex
calders, In which remenle masses of Mesozoic sediments are
found among the deposits of several volcanic cones.(King,1955).
The granlte and the agglomerate of the central part of the
Complex are separated Lfrom the Ard Bheinn caldera by an
arcuate fault. Thé ground is very poorly exposed, and little
can be seen of these rocks.

The irregular aveas of gabbro and diorite exposed in the
castern part of the Complex around Glen Dubh and Glen Ormidale,
and in particular that of Glen Dubh are the main subjeet of
Part 3 of this account.

b) The areas mappeds

The ground described in this seetion 1s shown on the
map Meets The area was mapped on a scale of 6 inches to
one mile, using aerial photogrephs in conjunction with the
6 1n, OsBesheets. Minor amendments have been made to
Tyrrell's map in the Arran Memoir, but 1ittle has been
added 4o his account of the area, The ground ls, as a
whole, poorly exposed, DLxposures in the bottom of peat

hags are often bleached and may not be in situ,.
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The prineipal changes made 1o the map are to show
areas of diorlie Lfound in the upper pert of Glen Ormldale,
(just east of Cnoc Dubh), and between A'Chruach and Creagan
Liathas The alenlﬁrmiaale diorite is of the type assoclated
in the Glen Dubh area with extensive veining of gabbro by
granite within a few feet of the granite contact, suggesting
that the Glen Ormidale outerops vepresent a thin layer of
altarad’gaﬁbra lying on top of granlte. Silmiler rocks are
found all round the rim of the Tir Dubhs The ares South of
AlChruach is of netveined dolerite and mierodiorite, similap
to the roeks exposed on Creag nam Mult, in the Allt na
Calamen and North of the Cnoec Dubh.

All of the fine diorites appear to be of onc type and
orlgins The more fine groined parts are virtually unaltered
dolerite, and there ls a progressive increase in diffuse .
veining and in alteration with increasing gralu-size. Towards
the contact with granite, net-velns of discrete fine granitic
material are common, cutting the dioritic material. This
gpuggests that the formation of at least some of the dioritic
materiallprece&ed the intrusion of the main granite, and that
the diorites may he related to the altered dolerites of Glen
Dubhs Some of the boundaries of small mierogranite bodies
in the Tir Dubh have been redrawns The ezposures are so
DPOOL, that in places almost any interpretative houndary

might He drawn, Thls applies also to the small exposure
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of agglomerate just‘mast of Creagan Leana Mulc.

On the West slopes of A'Chruach, considerable outcrops
off conglomerate oceur faulted on a small sceale, and velned
by granites bult not forxming agglomerate. Blocks of this
rock are common in the sgglomerate further up the slope.
The exposures are not sufficlent to determine whether this
outerop of conglomerate might be a part of the original
roof or wall of the eomplex, or possibly a mass of remanis
material similar to those found around Ard Bheinn.

Blsewhere, the agglomerate on A'Chruach is very mixed,
with a tendenay‘for fragments of dolerite to predominate on
Creagan Liatha, This oceurrence supports the suggestion
that the formation of the microdiorlies preceded the intrusion
of the main granite, sinece the latter clearly cuis the
agglomerate, for instance in the burn in Glen Oraigag.

There is an unusual dyke of a basice, or possibly
ultrebagie, lamprophyre in the gorge of the Allt na Galaman
(Marked D on the map)s. The dyke shows a platy jointing,
ppaced at 1 to 2 inches, parallel to the walls of the dyke.

The mapping of Windmill Hill (otherwise Mhuiliin na
Goalthe) whieh is 2000 yds. North-east of Cnoe Dubh is taeken
from Tyrrell (1928) and has not been revised outside the
bounding fault of the Complex.
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Fi-&mﬁ ga..
Lower Glen Dubh, from the Baste The Glen Dubh Water is

the prominent stream to the left of the photograph.

Figure 2bs
The Tir Dubh, from Gabbro Knoll, looking Souths The stream
ig the Glen Dubbh Water.



111, THE STRUCTURE OF THE GLEN DUBH AREA
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a) Generals

The major structures of the area f£all into two graupé‘ﬁa?éi
by a sinuous fault, called here the Glen Dubh Fault. (See
Pigse2y and 25), The Glen Dubh fault is associated with a
zone of intense crushing, shearing and alteratilon, which
varies in width from 60 yards on the Knoll N. of burn 4, to
only a few yards on Torr nan Dearg. At the Junetion with
the branehing faults, by Gabbro Knoll, the shearing is
particulorly Iintenses A few yards to the North of where
the fault erosses Burn A, the crush=-rock 1s composed of
material derived from both sides of the fault -~ gabbro and
felspathic quartzite. A speeimen (AA154) from this locality
shows preat shearing and brecclation with irregular minor
folds and puckers in the felspathic material,

In thin section, the rock 1s seen to be mostly a
mechanical nixture of fragments of dolerite and quartzite,
mingled with fine rock dust, the whole eut by many planes
of intense chearing. Epidote 1s common along these planes,
In the interstieces of the breecla, and replacing some of
the felapar, granophyre growths are presente They range
from severely folded to completely undeformed intergrowths,
and are probabl§ nearly contemporancous with the crushing

and shearing episode.
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& i&mﬂ éac .
View from H3/093, looking South along the line of the
Glen Dubh Fault towards Gabbro Enoll.

Pigure 3%b,..
View from J4/090, looking Southwest, over the Inner Part
of the Areca.
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Elgure La.

The gully in the upper part of Burn A where the felslte

is exposeds To the right of the gully; hornfelsed sedliments
lie concordantly above microgranite, dlorite and gabbro.

Ei ggga !._gbg
Creag na h'lolaire, showlng the gully at D0/022,
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Pigure Ba, be

The upper part of Burn A

Fige Ha. ie taken upstream from 5b, at the bend in the gully.
Both show dolerite and dolerite brecels above felsite in the
wall of the gully, and fresh felsite in the stream~bed,
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Figures 6a and 6b.
Exposures showlng netwveins of patchy hornblende dlorite
in dolerite in the Lower Glen Dubh Water at C2/054, Except

in times of drought, the area shown in 6b is inaccessible,
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Figﬁf‘@ i Se
View from B3/047, looking up 'Slanting Gully's The left
wall is of hornblende microgranite, and the bed of the

gully and the right wall are of diorite. In the background
are the falls at F3/040.

Moure Tb.

Bxposures in the Glen Dubh Water at G3/039. - The cliff in
the foreground is of hornfelsed sedlments cut concordantly
by mlerogranite and dlorite, the contaet about 18" above
the stresm, and dipping towards the camera., To the left

is diorite, in the bed of the stream, and, further to the
left, gabbro.
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To the Bouth, the Glen Dubh Fault dies out rapidly, in
0ld Red Sandstone and Trlas Sandstones and gritse. The margin
of the Central Complex is here intrusive, but the branch
faults, espeelally those aloang the line of the Glen Dubh
Watery continue for a short dlstance to follow the arcuate
trend of the Glen Dubh Pauli, and probably teke up most of
the digplacement on 1t, since the Glen Dubh Fault itself
disappears in less than 200 yards along the line of the
gully. |

The evidence avallable in the arvea of Glen Dubh
indleates that the dlgplacement of the fault need not be
greater than some 100 feet, dowanthrown to the South and Bast
(outer) sides. Other faults in the area, mostly of minor
lmportence, are shown on the map. In no case does the
vertical displacement appear to exeeed 50 feet, and rarely
20«30 feect. ©Such minor faulis are irregularly distributed
but show some tendency to run in a West to Bast direction
(Fige25)e 1In genecral, the North or Hast side is the
downthrow side of the fault, though in several cases this
cannot be determined with any certainty.

It 1s convenient to divide the map, Lfor structural
purposes, inte two partst: the area lylng West and South of
the Glen Dubh Rault, and that lylng Bast and North of 1it.
These will be referred to as the Immer Area and the Outer

Ares respectively,
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The strueture of the Outer Area 1s shown in its
typleal development in seetions BB' and CC'. The colntry
rocks in which the intrusion 1s emplaced are impure sand-
atones, brecclas and sllt stones of Old Red Sandstone agce
They are steeply domed arouwnd the outerop of the Central
Grenite, the dips vanging from 10°=65°, In the area over
which the streams of Glen Dubh flow, l.e. bDetween the Glen
Dubh water and Burn Ay the dip of the country rocks ls very
nearly parallel to the slope of the ground surface,

Along the Glen Dubh Water (Fig.27, BB!'), these sediments
are lntruded concordantly by the nearly planar upper contact
of a gabbro ~ dolerite body. This basie body shows a
doleritice margin whilch locally passes 1nto, and elsewherc is
transgressed by, the main gabbro mass. Where gobbro -
homnfelsed sediment, or dolerite ~ sediment contacts occur,
the basle rode ip chilled againet the gquartzite, and no
assimilation of quarizose material is to be seen. Such
contacts are, in fact, rare in this part of the area, for
along the contact between quartzite and basic igneous rocks
is 1ntruded a thin but persistent sheet of mierogranite or
fine granophyre.

This microgranite euts, and is chilled against, the
sedimentary rockss It 1s seen in a few places to absorb
sedinmentary material in small amounts, but this 1s difficult
to deteet espeelally in the fleld, due to the simulbtion of
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of granophyre by reerystallised quartzite (vide pe 75 )
Between the microgranlte and the basle rocks, however, there
ia everywhere hornblende dlerite =~ mlerodiorite where the
contect is with dolerite, and a very coarse variety of
dlorite where the contact ls with gabbro. Such dlorite ls
seen to vein (locally to net - veln) the dolerites,(ig.62,Db),
and also to have partly sbsorbed xenoliths of dolerite, and,
rarely, of the hornfelsed sediments. The dlorites as a whole
are patehy, variable pocks, more clearly defined by structural
position thon by composition or texture.

Thus the generel structure cutside the Glen Dubh Fault
in the neighbourhood of Glen Dubl Water, 1s of a more or
less evenly inelined concordant series of essentlally sheet-
like lgneous bodles beneath the hornfelsed guartzite of the
country rocks, the general dip belng nearly parallel to the
glope of the ground. This coinecldence of structural snd
topographic surfaces is largely responsible for the
exceptionally camplex outerop distribution in the area, and
for great difficulty in drawing satisfactory boundaries to
formatlons in poorly exposed tracitss This leads o the marked
contrast between the apparvently haphagzerd distrlbution of
rock types shown on the oulerop map, and the ecomparative
simplicity of the seetions,

The layered structure is traceable to the North as far

ag Burn A, (Flg.27, CC')., Here there is a development of the
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coarse hornblende diorite, on the slabs North of the stream
below the fault line. The cliff gbove shows the gabbro
magses o pasg concordantly beneath steeply dipping quartzite;
the dip of the eontact (55°) execeeds the slope of the ground
at this pointe (See pe 30 ).

To the South of the Glen Dubh Water, the junction between
the top of tﬁe baglic mass and the sedimentary cover is no
longer coneordant, (Pig,27, AA'), and the gobbwo becomes
markedly transgressive, This is assoeclated with less
regular dlpes in the quertzltes and with most lrregular behaviou
of the microgranite sheets OQutecrops of hormblende diorite apre
restricted to contacts between microgranite and gabbro -
novhere does it occur at a gabbro-quartzlte contact in the
absence of micro~granlitec,

The microgranite sheet is irregularly exposed West of
section AAY, but appears to thin rapldly in that direction.

It is not closely connscted with the mlcrogranite sheets to
the North.

The structure of the Inner Area of the complex is much
less well defineds A lavge gabbro body appears 1o pass up
into a dolerite marging the passage between the two belng
irregular. The Jjunctlon is popmelly indlstinet, merging
aad diffleult to define,

These basic rocks are cut by several latrusive igneous
bodies, felsltes and microgranites, and two small explosion=

vents.
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Felsite forms a dyke along the Glen Dubh Fault, and
also a thiek body to the West of the fault. OFf the latter
intrusion, no base is seen, but the top is nearly planar, and
puggests that the general form is silli-like,

The microgranlites eut felsites and vents, and are mostly
thin sheets dipping Eastwards, which wedge out rapidly
laterally. The contact between the Main Granite and the Glen
Dubh Complex is nowhers exposed, but from the distribution of
thermal metamorphism in the gabbros appesrs to dip falrly
steeply outwards beneath the basle masses..

b) Details of structure.

The OQuter Area.

1) Creag na h'lolaire. (Flg.27, Seetion AA')..

Creag na h'Iolaire 4is the prominent <¢liff forming the
south~western rim of the colre of Glen Dubhs A deep gully
divides the cliff face, providing good exposures, and from
it, amccess is possible to most of the steeper part of the
eliff face. (D/02)s To the North and West, the cover of
heather and peat 1s thick, and except along the foot of the
eliff, exposures are not plentiful. On the cliff as every-
where in the Quter Area, the steeper ground is being rapidly
eroded by streams and by small landslips, and the minor
topography and the exposures vary considserably from year to
year (Flg.lb).

Mierogranite, microdiorite and quartzite outerop

together in the stream which flows from the foot of the gully
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t0 meet the Glen Dubh Water. Wherever a contact is observed
between two of these rock types the same general relatlonship
“holadst
ghove} Quartzlite.
Microgranite (if present).
Diorite.
beneath; Dolerite.

The quartzite found in the stream is In small exposures,
sametimeé vigsibly surrounded by diorite, and, where bedding
¢an he seeny; the dlips are irregular and do not conform to
the eonstant strike of the larger masses. It appears likely,
theny that these quartzite masses are xenolithic fragments.

The 1little waterfall at the foot of the steep section
of the gully, (D2/026), falls over microgranite, and this
ip exposed upstream as far as a narrow(3ft.) zone of crushing
and shearing erossing the stream. (D1/023)s This terminates
the sheet-like form of the mierogranite, and probably cuts
off the basle dyke at this point, On the South bank of the
gully the micragranite cuts across the Junction of gabbro and
quartzlte, instead of passing along this Junetion, as 1t does
elsewhere.
 Above the small fault, the South wall of the gully is
formed of gabbro, the North wall of quartzie (including
a black siltstone variety), dipping SSE. or 8B, at angles
of 30 to 45 degrees, while two irregular microgranite dykes

and an intervening screen of gquartzite outerop in the bed of
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bed of the stream.

The main eliff of Creag na h'lolaire, Nortuwest of the
gully, is of gquartzite. This is eut, around E7/028, by an
irregular body, (or possibly by irregular bodies), of miero-
granlite, These are bordered by a narrow zone of coarse
nornblende dilorite, (not represented in the sections), wherever
there is a gebbro microgranite contact, Part of the micro-
granite (the most accessible part, some 20 feet above the base
of the cliff) seems to pass between gabbro and guartzite.
Higher up the elifi, exposures are poor and less accessible,
and it is diffiecult to determine the relationship
patlisfactorily. However, the microgrenite on the eliff-face
is eertainly a tabular body parallel to the face. The origin
of the small pateh of microgranite on the highest point of
Creag na h'Iolaire is obsecure.

The fault which is shown cutiting the gebbro and miero-
granite on the ¢liff is most clearly seen at the foot of
the ellff, where there is a zone of considerable brecciatlion,
and of secondary alteration in the gabbro, No trace of the
fault can be seen in the gorge of the Glen Dubh Water, and
it 1s probably smell. The small crag along the fault line
exposes the junctlon between gabbro and another body of
microgranite (F1/038), Here the gabbro passes beneath
microgranite at a steep angle, but to the West the granlte
becomes an irregulsr dyke-like bodys, Unfortunately this

ground 1s once more poorly exposed, and where the contaet of
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the granite reaches the stream 1t 1s greatly distorted by a
fault 80 that a satisfactory determination of the form of this
part of the miamgranita is not possible.

The steep slope from Creag na h'Iolaire 4o the Glen Dubh
Water 1s heather covered and ill-exposed, The dip determinatiox
re¢orded on bhe map in this area have been made on exposures
showlng pebble bande
2) The upper pert of the Glen Dubh Waters

The critical exposures in this secetion, and indeed in the

whole of the Glen Dubh Water section, can be secen satisfactoril)
only after a prolonged spell oi dry weather. The same applles
to meny of the exposures in Burns A and B, The ldentification
and diserimlnation of the various rock types lg also very much
more dlfficult in wet weather.

The bed of the Glen Dubh Water at ¢G0/0L43 is covered by
boulders,; one of the few breaks in the almost continuous
exposure slong its course below the Glen Dubh Fault.,. In the
North bank of the stream at this points an lvregular contact
between h@rnblenaa micerogranite and gabbro is exposeds Above
the point GO/0L3, in the stream bed, hornblende microgranite
is exposed, while the South bank ls of massive green gabbro.
On the North bank, the micerogranite ls seen to pass below the
quartzites, (Pig.2l and Figs7b), and this also takes place
upstreams at the next serlies of falls.

At these falls, 1n the South bank, the quartzite is

exposed above, but not in contact with, gabbro, while micro-
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grandte ls slwilarly exposed in the bed of the stream below
the level of the gabbro outcrops This is interpreted as a
"Stepplng-down® of the microgranite to run in the gabbro
rather than between 1t and the gquartzite -~ a matter of some
8 to 10 £t. echange in horizon.

To the South of the Glen Dubh Water, below the right
angle bend in the stream, (H8/031), the quartzite forms the
erest of a low pridge, and extends as far ag the Fault to the
Weste No contact between gabbro and quarizite is seen, but
the hnundary can be mapped, aad ghows that the contact dips
westwards, ateeply in the South, more gently nearer the Glen
Dubh Water, (Plg.27; AAY)s North of the Glen Dubh Water, the
guaprtzite continues as a low rildge. The northern flank 1s
defined by a felsite dyke, and the Glen Dubh Fault, while
on the Bastern flank, corresponding roughly to the outcrop of
the gabbro, there 1ls a terrace. Both of these topographlce
features die out 0 the North, towards Burn C. The quaritzite
onterop, unarrower to the North, crosses Burng ¢ and B, without
showing any indubitable conbaet with the gabbro to the Bast.
Brecclation near the fault is very intense, and all of the
quartzite exposed in Burn B is more or less broken. (GlL/063).
3) Upper part of Bura A.

The uwpper part of the eourse of Burn A, oulside the Glen
Dubh Fault, £lows down a steep area of rounded worn slabs,

thinly gressed over in places, and elsevherse goeraped clean by
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landslips or bared by minor streamss The shape of individual
outerops is lisble 1o change rapidly and unezpectedly, due to
landslips and bto papid erosion by Llood-stPeamss

The eoarse hormblende diorite, whieh is exposed over
most of this ares, lles above the green massive gabbro, and
wherever a eonbact is found, it is nearly planar, and nearly
parallel to the slope. Similarly, in the area around EL/079
the microgranite passes above the diorite. North of F/09
the gquartzites can be seen Lo form a rugged, broken cliff,
some 120 Peet highy In which the dip of the sediments is
parallel to the slope of the ground and of the igneous contaets
and in which the diorite and gebbro pass concordantly beneath
the quaritzlitess ,

Further to the North-ecast, at FO/099, there is a smeall
cavey where microgranite is seen to culb quartzite, The
contact is; In detall, irregulary bul once more appears to
pass beneath the sediments parallel to the general dips This
mlerogranite can bhe traeed to the South some 250 feet in a
line of smell crags., North of {the cave, the contact is
obscured by scree, and only isolated exposures are Lound

At ™M/079 a crossecubbing tongue of microgranite runs
in the gabbro some 10 feet below its top contacts Inmedlately
to the Bast ig a mone of severe shearing, which, while still
active, was intruded by mierogrenite, It directs the course

of the main branch of Burn A for some 30 feets
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The relationshlp of microgranlte to coarse hornblende
dlorite is well exposed in smell crags at E3/079, E2/080, and
BO/080, To the South and Bast, the body of coarse hornblende
diorite thins out, and hornblende mierogranite comes into
contact with dolerite and porphyritic dolerite. A gradusl
passege from pabbro to ceoarse dolerite is imperfectly exposed
in Burn A.

i) The Lower streams,

The ground described in this section lies in a triangle
bordered by the South bank of the Glen Dubh Water, the Bast
bank of Burn A, and a line from GO/041 to E5/079. The rocks
seen are almost entirely confined to the stream seetions,' those
in the intervening areas being either very small or of doubtful
provenance, (Fig.2a).

The ¢len Dubh Water, between the large boulder at Di/050
and the rapids at F2/040, shows very well the relationships
of dolerite, dlorite and microgranite.(Fig.27, BB'). The South
bank 1s, on the whole, of microgranite or microdlorite, and
the various dloritic rocks exposed in the stream bed pass
beneath the microgranite in the bank, the contacts dipping
approximately 40 to 50 degrees to the Southweast.

The two patches of quartzlte shown Jjust below the raplds
(Fr2/040) are elongate blocks entirely surrounded by microgranite
and almost eertalnly represent fragments of the quartszlte roof
of the microgranite. It is dlfficult fto identify bedding in
the blocks, and so the amount of their movement cannot be
estimated, The course of the Glen Dubh Water from F2/041 to
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BO/050 is largely determined by a marked plane of crushing.
The erushing is most intemse to the Southwest around F3/038,
and the shear eannot be found to the Rast after it leaves the
stream valley. (Plg.72).

Below the boulder at D4/050, the Glen Dubh Water flows
over a broafy gentle slope of microgranite to the pool st
the top of the lower falls. The stream is then constricted
between a prominent block of quartzite and outerops of
pateby dlorite. The microgranite has diverged here - a
tongue 4 feet thick passing beneath the guartzite block,
while the greater part passes over it., Beneath the micro-
granite there lg a rapld transition through patehy dlorite
wlth many inclusions of bagaltle fragments into a falrly
homagenﬁaua hornblende dlorite with a few basalt fragments.

Below the guartzlte bleek (C5/05l) the stream=-bed falls
in a water-slide about 250 feet long and 120 feet high, ending
downwards in a 15 feet waterfall., At the top of the slide,
in the ﬁorth bank, ls a dlsorlented xenolith of cuartzlie,
surrounded by patchy dlorite. The contacts show no sign of
slgnificant corrosion or assimilation. Wherever there is a
contact between diorite and quartzlte fragments of basalt are
common in the diorite, A very few partly corroded small
xenollths of quartzite may also be found.

A small sinuous fault divides the water~slide and forms
o shallow groove in which the mailn stream-course lies. Two

small, impersistent, basalt dykes along the fault in the lower
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part are later than the mlcrogranite, and are wnaffected by
the earlier intrusives. In the upper part of the water-slide,
are four large blocks of guartzite, 21l lying in attitudes
markedly differing from the reglonal strike. These are
interpreted as xenolithlc bloecks of the roof of the intrusion.
Apbout halfway up the slide, the dlorite passes down into
dolerite wlth numerous net-velns of mierodiorite and horne-
blende mierogranites These velns are most common near the
contact with the patehy diorite, and decrease eway Lfrom the
contact, A particularly good example 1s at B7/053, overlookin
the pool. ¥ (Mig.6a,b),

At B5/055, below the pool, is a small exposure showing
dolerite with net~veins, in contact with dlovite. The net=
velns are continuous with the diorite, and form apophyses of
it running into the dolerite. This exposure is the lowest
of igneous wrocks; the next exposures downstream are of
hornfelsed sediments,

The other three stream sections (those of Buras C, B,
and A; Ffrom South to Worth) do not yicld the eontinuous
exposure provided by the Glen Dubh Water. They provide
however, several exposures lmportant in interpreting the

gtructure, as well as facllitating the drawing of boundaries.

% The watdrslide is readily negotisble in dry weather. in
wet weather, 1t is slippery, and most of the exposures are
under water, This applies also to -the upper part of the

. Glen Dubh Water and to Burn A.
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Throughout the sectlons exposed by these streams, the
relations between microgrenlte, diorite and dolerite are
congtant, and are the same as those seen in the valley of
the Glen Dubh Water.

Just below the junetion of Burns B and C, the combined
stream flows over a series of slabs of pale patchy dlorlte.
In the diorite are abundant xenoliths of partly corroded
dolerite and fine-grained dolerite, and a few xenoliths of
quartzite. These guartzlte xenoliths are recrystallised,
but, except in two instances, (See p.94 -~ 95 ), not at all
assimilated by the dlorite. In no case was assimilation of
quartzite by dolerite seen.

There is an important exposure at the Jjunction of Burns
B‘and C. Here, in Burn B,'fine dolerite shows a basalt
(miero-dolerite) margin sgainst quartzite. There is no
slgn of any reaction between the two. Away from the contact,
the dolerite coarsens and passes into patehy £ine diorite.
This is a gradual transition. The dolerite is not intruded
by the dlorite as discrete material ~ it me#sly becomes paler
and more patehy. In Burn C at thls locality is a poorly
exposed contact between guartzlie and diorite.

The relationship between dolerlte and gabbro in the Outer
Part of the aream, shown in the seetions as a transition zone,
hes not been unegulvocably established. There is no evidence
of a fault along the contact, nor is there evidence that one

cuts the other, and 1t seems reasonable that had either of
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these relationshlps been in fact present, evidence of it
would have been found in at least one of the sitreams. On
the other hand, a progressive coersening of the dolerlites
towards the gabbro is observed, particularly in Burns A
and By and the gabbros first seen after the unexposed belt
are [lner-greained than those further into the gabbro uutcrqp,
so that 1t seemg reasonable to suppose a progressive
coarsening of the dolerite 1o pass laterally into gabbros

A pradation 1s certainly observed in Burns A and B from the
Tine~-grained microdiorite associated with the dolerites to
that coarse~grained diorite constantly associated with the
“ppoximity of the micro-granite to gabbro.

¢) The Inmer Area,

1) The Felslte Masg,

The maln felsite mass of the Inner Part of the area is
exposed in an arcuate strip widening from South ito North,
gxcept Lor a constriction near Burn A. It has two parts,

a wall defined dyke running along the Glen Dubh Fault, and
a maln g8ill~like mass, lying West of the Glen Dubh Fault.

The dyke 1g about 6 feet wilde and lies in a zone of
eonsilderable crushlngs The marginal country rocks are of
hornfelsed gouges; and form a green, flinty rock. The
intrusion can be traced for some 20 yards and may extend
furthers The felsite of the dyke ig similar to that of the
main body of felsite. (Flg.3a,la).

The main mass of felgite is of indeberminate form, The
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top surface is planar, inclined Easi to Southeast at angles
of 15«20 dégreecss The base 1s not seen. The top is well
exposed in the banks of Burn 4, in Burn By ab J2/068 where 1t
can be seen to pass beneath basic rocks, and at J7/085. The
exposure at J7/085,; where L £t.6 ine of felsite is visible
passing beneath bagsie igneous rocks, fite well with the
strike lines drawn for the top from the other cxposurces.

7o the Norith of Burn A, the felsite steps up irregularly,
as shown in Section GC' (Fig.27) and the outerop widens to
the Yorth towards the Central Granite., To the Basi, the
felslte is truncated by the line of the Glen Dubh Faulte From
the state of the felslite dyke, Lt appesrs that the felsite
hag been intruded later than the favlt movementsy but the
form of the mass ls very much eontrolled by the shape of the
Glen Dubh Paulte

The approximate pogition of the top of the felsite has
“been plotbted on Sections AA' and BB' (Fig,27) to show thal
i? 14s attitude where it le underground to the West is
conplatent with thal where it is exposed, it would not outerop
agaln within the srea of the map. The most northerly expogures
in Burn A show the felsite becoming raplidly coarser and forming
quaybz-~porphyry, and gradually changlng tewards fine granite.
The relationship of felsite and Central Granite ecaunot be
determined here due to lack of exposures.

The felglite intrusion is tentatively interpreted as a
8ill, and the dyke along the Glen Dubh Fault as a possible
Peedeor dyke.
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2) The form of the pabbro-dolerite intrusion
The general form of the gabbro=dolerite bodies of the

Inner Area is not at all c¢leare To a aértain extent, constant
gpatial relations have bheen abéerV@d‘betwéen gebbro and
dolerite, but the irregularity bf"expasﬁre prevents any £irmm
hypothesis of structure belng advanced.

The contact bebtween gabbro and the Central Granite proper,
is not seen. As the Ceutral Granite is approached, the'gaﬁbroa
and dolerites show the development of lavge flekes of red-«brown
Pbiotite. The felspars in thé gabbre alsoe show clouding .

These effects are found only In proximity to ithe graniie
contbact, ond ave attributed to thermal metamorphism of the
gabbros by the Central CGranite. On this basls, the granite
probably passes beneath the gabbros, the contact being a plane,
inclined steeply (possibly at about LO degrees) to the Bast.
There is no evidence that the small intrusions of granite

and microgranite shown on the map are directly connected

with the Central Granlte,

The relatlonship between gabbro and dolerite 1s less
obscure, though complex. In dliffereni localities, the gabbro:

1)  is fine-gralned agalunst, and apparently cuts,

dolerite (M7/018),

11) shows a2 gradual passage into dolerite, (M6/065),

111) 1s apparently cut by dolerite (K7/082).

The second relatlionship is by Lar the most common. In the

Plrst and third cases, even though the boundary may appear
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guite sharp iu the fleld, in thin seetion 4t is lndeterminate,
and the order of cyystellisation obscure. The normal relations~
ship is where there ls & transition zone of some 4 to 10 feet
width between dolerite and gabbro,

On the wholey, the dolerite forms the crests and eastern
Paces of knolls and rldges, while Tthe gabbro occurs more on
the western faces and in the hollows, It is suggested
therelore, thet the form of the dolerite is that of an
lrregular sheet lylng shove the gabbro, and passing downwards
into gabbrojy lie. thalt 1t represents a fine grained Tacles of
the gabbro. The surface of contact between the gabbro and
dolerite 1s fairly regular, and the general form corpesponds
to that estdblished in the Outer Part.

The sectlons have been drawn to pass through the bebter
exposed parts, especially Seetions BB' and CC'. (Fig.27).

3) Microsranlte intrusions.

Several minor bodies of microgranite outcrop in the area
of the mape

The microgranite at M3/026 appears 1o be a narrow dykae
It is poorly exposed, and much broken. AL N9/06) (Seetion BB')
end at M1/078 (Mig.27 GC') microgranite forms thin sheets, the
latter & Peet thick, and the former more than 6 feet. These
sheets show well defined chilled margins agalnst gabbro and
dolerite, and very little interaction with them.

At J7/053, a sill-~like body of microgranite is seen to pass
steeply beneath dolerite in a small gully (Pig.27 BBY). The
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exposure is pgood, and the shape of the micerogranite ean be
well establisheds The form of the smaller body 50 feet to the
Northwest is not clean,

0f the remaining microgranite outerops, that at K1/038
appears to be a narrow(2') dyke, as are those at HL/090 and
X7/117. Those bodies at N7/073, J5/073 and K6/082 are either
peorly exposed or irregular in form,

4) Areas of tuff and bresels

Two small vents (See p. 105 below), are shown on the map
in the Inner Area. They eentre about J/09 and K8/035. The
former is better exposed,.

Both are emplaced in dolerite and gabbre, and are clearly
erosg-cutting. They show no internal strueture except an
unsystematic variation in the clastic rock typese The rocks
within the vente are brecclas and tuffs, (see pe. 105 ),
with small areas of virtually unchanged dolerite. The margins
of the vents are not sharp, but are obscured dy veins of tuff
ruming out Into the suprrounding rocks.

Assoclated with the vents is particularly intense net-
veining in the dolerites.. This preceded the veining associated
with the felsites (p. 106 )(Figs. 8a,b,9a,D).

5) The Lower part of the Tip Dubh.
| This part of the Inner Area of the Complex ls shown on
the small separate map (FPigs10).

Most of the area is of gabbro, wlth several minor bodies

of microgranite, a few late basie dykes, and three small
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arcas of hornfelsed sandstoness The most westerly group of
branch fauvlte from the Glen Dubh Fault enter the arca at the
Northeast corner and dle out rapldly to the Southwest. The
course of the stream 1s largely determined by these faults.

AmﬂﬁﬁVQQs a small irregular felsite dyke follows the
line of the faults for about 20 £t. It is notably sheared
and distorted. PFurther upstream,there are several blocks of
guartzite in the South bank of the stream. On the North bank
of the stream there is a 6 inch basalt dyke, running parallel
to the fault system, The next small fall upstream (€3/33) is
formed by a 3 feet dyke of microgranlte, which crosses the
stream and is itself cut by a palr of basle dykes running
along the stream course, (Fig.11),

The microgranite sheet exposed in the stream bed at d7/21
rasses beneath gabbro in hoth banks of the streams It 1s cut
by a later dolerite dyke 48 inches wide, exposed only in the
stream bed, BSome 10 feet downstream, the microgranite sheet
can be seen to "step-up!" by cbout 4 feet in the Northwest
bank of the stream, Here the sheet is I feet thick, and cuts
gabbro. The microgranlte exposed in the tributary stream at
d8/L1 ean be seen to pass beneath gebbre in the South bank.
The contact is nearly horizontal, The general farm of the
intrusion, and its extent, are not clears

The outerop of sandstone shown at ¢0/11 is continuous
with the maln outerop of 0ld Red Sandstone. On the East Pface

ol the outerop, In a small ¢liff, the hornfelsed sandstones
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rest upon gabbre, the contact belng irregular but near-
horizontal. The two other areas of hornfelsed sandstone
ghown, at ¢0/25 and b2/25, are probably outliers of the

main gandstone body. The rock exposed in them is recrystall-
laed to a siliceous hornfels, and is penetrated by numerous
stringers of fine £abbro.

d) Summary of structure,

The Glen Dubh ares is divided into two parts by a
ginous faulte West of the fault, the strueture is
Indeterminate, with a largely unsystematic distribution of
dolerite and gabbro, which show a transitional relationship.
The basie rocks are cut by a thlek body, pessibly a sill,
of Pelsite, with which are associated two areas of brecclas
and tuffs, distinguished in mapping as venis.

The Quter part of the Areay Bast of the Lault, shows a
layered structure, with gabbro end doleriite Intruded as a
sill~like Dbody concerdantly into sandstones and brecelas,
and an interpesed thin layer of microgranite intruded between
the two,

The contact between microgranlte and gabbro, or between
microgranlite and dolerite is characterised by the development
off a variable sulte of dioritic rocks., These diorités have
been separated in the field Into several types, although
much of the finer dlorite camnot be ¢lassifieds The types
recognised are} contaminated microgranite, (Glen Dubh Water

South bank), albereéd dolerite, both intrusive and non-mobile,
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Burns A and the Glen Dubh Water); coarse eontaminated
mierogranite found at {the Junetion of microgranite and gdabbro
(for exemple at 16/085), and coarse hornblende diorite of
gabbrole texture found adjoining the gabbro between the
gabbro and microgranites

The layered structure is essentially simple, (cfssections,
Fige27)s but due to the colneidence of the slope of the ground
and the dip of the layers, the exposure map appears unduly
complexe

The position of the diovites in the structure is constant -
they lie between microgranite and basic rocks, and are not

found except in this context,



|H
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figure 82
Coarse breccla of dolerite fragments in a tuff matrix

at JQ/O?9«

Pleure 8be

Veins of felsite and felsite breccia, in dolervite, at

H1/099,






Figure Jae

Exposure showing two sets of veins in dolerite at LL/082,

Figure 9.
Bxposure showing two sets of veins in gabbro, ab M8/061,
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Ploure 12.

Photomlcrograph of hornfelsed breccia at DI/059,

Specimen AC 129, x30. Crossed nicols,.

This photograph shows fragments of banded silistone in

a fine grit matrix. The rock is horufelsed, and recrystall-

isation of the grlt meterisl is mavked.
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Photomlcerographs, ®10. Crossed nicols.
Pige 1la. Specimen AA 173. Gabbro from J9/068, Analysed

Specimen.

Pige 1lbes Specimen AL 25, Gabbro from (G0/070
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Tigure 15.
Photowicrographs. x10. Crossed nicols,.

Fig.15a. Specimen AC 201, Tine dolerite Ffrom C9/062,.

Pig.15hs Speecimen AA 100, Fine dolerite from E1/047.
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Figure 16,
Photomicrographs, %10, Crossed nicols,.

Pige 162, Specimen AC 217, Granophyre from K0/052.

Analysed spetimens

Pige16b, Bpecimen AA 91, Felsite from dyke at H2/0L8.






Figure 17.

Photomicrograph of contact between mlerogranite and hornfelsed
sandstone at F1L/098.

X220 Crossed nlicols.
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Bigure 16.

Photomicrographs. x10. Crossed nicols.

Mig.18as Speclimen AC 70, Pine Hornblende dlorite.

Pigure 18b.  Specimen AC 103, Tine hormblende dlorite.
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Eigure 19,

Photomicrographs. 10, Crossed nicols,.

Plgai9as Specimen ACI17s Coarse patehy diorite, 2d,
Lrom F5/0869

Flge19b. Specimen AC122, Hornblende microgranite, of

granophyric texture, 1c¢, from 1L/087.



IV, THE PETROGRAPHY OF THE GLEN
DUBH AREA.,
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a) Country Rocks.

The formations into which the Glen Dubh Complex is
intruded are, a thick series of felspathic sandstones,
breccias, conglomerates, and occasional silt stones, all
well indurated, and hornfelsed close to the igneous bodies.
The deep red colour associated with the 0ld Red Sandstone
sediments elsewhere in Arren is here absent apparently due
to thermal metamorphism causing reduction on the coloured
ferric iron compounds in the matrix.(Tyrrell, 1928).

1) General.

There are four principal areas where sediments of 01d
Red Sandstone age outcerop in the area mapped in detail
(Figs25),

1) the foot of the falls of the Glen Dubh Water:

2) the cliffs of Creag na h'lolairve;

%) the narrow strip along the Glen Dubh Fault:

4) the cliffs to the North of Burn A.

There are numerous other small exposures in the area enclosed
by the lower parts of the Glen Dubh Water and Burn A, and
three small areas of hornfelsed sandstone exposed in the Tir
Dubh (Fig.10).

The rocks of the area at the foot of the Glen Dubh Water

are massive, impure sandstones, well indurated, with occasional

bands of breccis composed of fine-grained siltstone pebbles,
Towards the contact with igneous rocks, the sediments are

hornfelased, to form,ingeneral, siliceous hornfelses, with
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subordinate felspar and diopside. All of the sedimentary
rocks exposed ln the streams of the lower part of Glen Dubh
have been metamorphosed.

Bedding planes are difficult to determine -~ the rocks
are massive and often homogeneous, and in the sbsence of
breccia bands, the determination of dips is difficult. In
some areasg, a 'blocky' jointing is developed.

The succession in this part, and, with smell variation,
of the sediments of the whole avea of the map, is made up of
two principal rock groups - a dominant even-grained felspathic
sandstone, and subordinate breccias, grits, snd siltstones.
There isg no clear distinction between these groups; one
grades into another vertically, and less often, laterally.
Iarge pebbles of shale, giltstone or grit are found in other-
wise even-grained sandstones.

2) Sandstones and fine grits.

The following table gives modes for s series of similar
fine even-grained sandstones of increasing metamorphic grade,
in a series collected towards the igneous contact. ACLS is

probably most representative of the group in general,



Table 1. Modes of Sandstones and fine grits.
Mineral Quartz®Pelspar Amphibole Biotite Chlorite Opaque Calcite
+ +

Bericlite Pyroxene

Rock No.

AC 12 36,1% 23,7 - - 3¢5 349 32 ..8%%
AC 15 39.9  36.7 5ed 1.0 5.1 15.9 =
AC 21 45.1  40.0 12.6 - 1.2 0.8 -
AC 36 47.8 25.8 18.4 0.3 o= 245 0.3

(Epidote of wvein 5.%%
¥  The values for quartz are probably somewhet low, due to the
difficulty of discriminating quartz in fine crystals in a
felspar-gericite mass.

*%The calcite is present as a vein. The small amount of calcite
ocecurring as an alteration product of felspar is included with

chlorite., The amount of such calcite is very small.

Tn hand specimen the rocks of this group are hard and
compact, often with no trace of bvanding, and of a greenish-grey
colour. The thin sections show numerous gquartz crystals(about
30% of the rock) in a fine-grained matrix of felspar, sericite,
and quartz. The large quartzes are angular, in general,
although with increasing metamorphism they show progressive
intergrowth with the matrix. Several examples of crystals
showing undulous extinction have been noted, but these become
less common with increasing metamorphic grade. Another feature

apparently confined to the relatively unaliered sandstones is
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the presence of gquartz fragments made up of several intergrown
crystals - the typical fragment of the hornfelses is a single
quartz individuwal. The size of the grains is variable, from
0.1 to O.6mm. diam., but most are around 0.2mm.dizm. The
grainsize of the fragments does not noticeably change on
metamorphism, but the marging are extensively enmbayed,
apparently by corrosion by the matrix, and quaertz in the
matrix recrystallises in optical continuity with the larger
fragments.

The wnaltered matrix is mostly of fine felspar and
serliecite crystals, and is paritly recrystallised to a fine
granular mesh. Quartz is less in amount thaen felspar. Chlorite
appears és small flakes in the matrix, in subordinate amount;
it is stable in the low grades of thermsl metamorphism. Opaque
minerals, probably mostly magnetite, occur throughout the rock
as small irregular flecks, both in the matrix and as inclusions
in the larger quartzes. None of the guavrtzes examined show
inclusions of matrix material, Calclte occurs in small amount
as an albteration product of felspar, and occasionally as
veins (AC 12).

A felspar crystal of exceptional size (0.2mm. long) and

apparently stable, is of composition about An 30. Apart from

this one crystal, the felspar is so fine-grained and sericitise

as to be undeterminable by normal optical methods, Staining
revealed no trace of potash felspar,.

Six feet from the igneous contact, the vrock is entirely
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recrystallised, and shows the larger quartzes much corroded,

in 2 matrix of felspar, gquartz and granular diopside which
form a granulay mosaic. Epidote oceurs ag occasional veins

or detached flakes, and in AC 36, there is a single flake of
white mica. Blotite appears at a late stage in the metamorphis:
(cf. the metamorphism of the siltstones.(p. 59 ) (AA34Db),
The opague ore minerals occur in the highly metamorphosed rock
as large, irregular blebs, up to 2 mm. diam., as well as in
fine granules in the matrix,

3) Breccias and silt-Stones.

The second main group of the sedimentary rocks is
comprised of various grits and breccias, and dark grey silt-
stones which occur both as layers in the sequence, (but not at 4!
outerops described above - only on Creag na h'Iolaire), and as
fragments In the brecclas,

A typical breccia (AC 1) contbains numerous sub-sngulazr
Tragments in a complex matrix. The matrix is essentially
gimilar to the sandstones of the Tirst group., with if anything
a highexr proportion of quartz ore materisl. The large fragment:
up to 9em. long, include metamorphic quartzite, garnet schist,
(in AC 1b), basalt and siltstone. The siltstone is the common
coarse fragment in the brececias, and occurs also asisolated
pleces in grits intermediate between the breccias and the fine
sandsiones., The siltstone fragments often show banding
internally. The surrvounding matrix is sometimes also banded

parallel to the surfaces of the more tabldid fragments.
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The following table gives modeg of a typical breccia

of the type with silistone fragments only. (AC 8).

Table 2. Modes on AC 8.

Quarte.Felspay Amphibole Biotite Chlorite Opague
4 4
Sericite.Pyroxene,

Siltstone

fragments 39.,1% 31.3 2.6 L1.7 Be3 Te0
Coarse part 6,5 17.6 0.2 0.9 0.2 540
Fige part 53,0 35.5 0.9 1.2 5.2 5.2
Totals for 572 25,4 1.4 5.8 4.3 4.3

With metamorphism in proximity to the igneous contact, the
matrix behaves like the fine sandstones described above, and
will not be further detailed except to note the development,
in rocks of this group, of granophyric patches in the matrix
at high grades. Whether thig is due to fusion of the ground-
mass, oy whether it is introduced from the igneous rocks is
not c¢lear,

The siltstone layers in the pediments are well exposed
only on an inaccegsable part of the c¢liff of Creag na h'Iolaire,
but siltstone fragments are fairly common in the breccias, The
fragnents appear to be identical 1o the layeved rocks, and th e
breceias are interpreted as being due to penecontemporaneous

brecciation of partly compacted siltstone beds, and partial
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reworking of the fragments.

On metamorphism, the giltstone develops biotite at an
early stage, except in a wzone O.1 mm. wide around the margin
of the fragment (ACL129)(Pig. 12). At a higher grade, andalusite
appears ags diffuse intergranular blebs, and chlovite disappears.
Fine opague particles are ublguitous. The integrity of the
frogments is preserved, however, 1o an extyreme stage of
metamorphism, when the mstrix has been largely veplaced by
granophyre, and the fragments rounded by corrvosion and marginal
recrystallisation., This is seen especially well in an
exposure at B4/075, (AA 34b), and will be discussed more
fully with the microgranites. (See Fig.l2).

The sandstones of Creag na h'lolaire are at least 250 £+4.
fthick, and are mostly of the eveungrained varieties, with
subokdinate siltstones., Bedding is apparent on a large scale,
but difficult to £ind in detail. (Fig.3%a,4a,b)., Similar grey
or greenish sandstones, often sevevrely brecciated, form the
strip along the Glen Dubh Fault, and the crags North and Bast
of Burn A, In the latter outerops, brecciss are rare, and an
even flaggy jointing is developed in the sandstones.

The outerops in the Tir Dubh, (Pig.10), are of white
quartzite, very hard and very pure. The contact with gabbro,
except as rave veins, is not seen, Similar blocks of white
giliceous hornfels occur at J3/007.

The xenolithic blocks of hornfelsed sediment exposed in
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the streams in the lower part of Glen Dubh include examples
of all types, but are mostly of the finegrained sandstones,
now metamorphosed to o diopside~bearing siliceous hornfels.

b) Gabbros and dolerites.

The dolevrites and gabbros of the Glen Dubh ares, both
ingide and outside the Glen Dubh Tault, appear all to be of
the same sulte, the differences between those of the Inner
and Outer Parts of the Avea being due to different histories
of alteration and metamorphism.

1) General deseription.

In general, the gabbros of this region are pyroxene -
plagioclase vrocks, olivine and hypersthene bearing in the
more basic and less sltered variants, and of textures ranging
from coarsely ophitie to hypidiomorphic and equigrasunular.
Intergtitial pabches of quartz -~ felspar intergrowth are
often present, assgociated with irregular diffuse veing, and
with marked development of sodic vims on the pl-gloclases.
The normal accesgory minerals are magnetite, ilmenite and
apatite, and alteration minerals amphibole, chlorite, sexicite,
serpentine, leucoxene, calcite and epidote. The dolerites
are similar, but are distinguished froa the gabbros principally
on the grounds of finer grain size snd dominanily ophitic
structure.

Specimen AAL73, (J9/068), is baken as a2 typical example
of the gabbro of the Inner Part of the Avea. In hand specimen,

the vock is a medium-grained homogeneous gabbro, free fyon
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veins or mottling. Felgpars and pyroxene are conspicuous,

and occagional bronze-coloured flakes of biotite. The chemical
analysis hs given in Table 8, the mode in Table 4, and the
norm in Table 10, and o photomicrograph, Fig.lda.

In thin section, the rock is seen to be composed
principally of plégioclase and pyroxene, in a paritly grenular,
partly ophitic, intergrowth. Opaque minerals, in skeletal
or subhedral crystals are common, Accessory minerals include
orthopyroxenes, blotite, epidote and chlorite. There are a
few pseudomorphs ofolivine, now replaced by serpentine, and
a trace of fresh olivine., Alteration of pyroxene to chlorite ,
and, to a less e®tent, to amphibole, is common, and produces
a Tine dust of opague minerals in the glteration producis.
(Figeldao)o

Mogt of the felspar occurs as well-formed laths, ranging
from 0.3 to 3 mm. in length. The crystals usually show
compositional variation from core to margin, yrarely in a
geries of discrete zones, more commonly as a graded change.

No osecillatory zmoning was found., Rims of felspar more sodic
than the rest of the erystal occur on about half of those
exanined, The rim is separated from the rest of the crystal
by a more or less clear change in composilition, often so marked
as to produce a sharp line under crossed nicolsg., The rims
vary in width from 0,05 to 0.2 mm, wide, Within the zone,

the crystal may show either a smooth gradation in composition

to the centre, or a poorly defined outer zone sround the core.
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Material of approximately the composition of the rims is also
found as small interstitial crystals, anhedral, and often
crowded with small inclusions. It has been included with the
rims in the modes, The felspar in this rock is, on the whole,
1ittle altered, and, except the interstitial materisl, free
from inclusions. Some crystals are strained, and a few
broken, and thin epidote velns occupy the fractures,

The pyroxene of the vrock is mogtly monoclinic., The
orthopyroxene is present in small amount as subhedral crystals,
showing crystal outlines against felspar, and not entering the
ophitic intergrowths typlcal of the clinopyroxene., The
optical properties are shown in Table 7 and Fig.l3. The
ortho-pyrogxene shows no reaction relationship to either
olivine or clinopyroxene 1In the glide, and is fresh and little
altered to chlorite,

The dominant pyroxene of the rock is monoclinic, and
there are apparently two varieties, of different optical
properties. These are listed in Table 7., The properiies
have been plotted on the diagrams of Fig.l3, to show approximate
compositions. The two varieties are not readily separable
in thin section, and have similsy relationships to the other
minerals. The variety of high R.I. and larger QVz was found
in the gabbros and not in dolerites,

Both clinopyroxenes are of & pale brown or brownish-
yvellow colour, with occasional pleochroism.(x:y:zis pale

brown: pale brown: greenish brown).
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The crystvals are well formed, encloslng or intergrown with
felspar. Sometimes the pyroxene forms & granular aggregate
of small crystals with small twinned felspars. In two crystals
there are wvelict cores of olivine, now largely serpentine,
and in several more, a core of pyroxene or amphibole of a
different orientation to that of the rest of the crystal.
These cores show more alteration to chlovite than the bulk
of the pyroxene.

Schiller structure is common, parallel to ¢, and 1¥ o
010, The rods are not large enough to show reliable extinction
angles, and have not been determined; in some cases the
inclusions are wholly opague, and have & brassy lustre in
reflected light.

No =zoning was seen in the pyroxenes,

Alteration of the clinopyroxene to amphibole is common,
egspecially as rims around the mrgins of pyroxene crystals,
and as interpenetrant growths along the planes of the prismatic
cleavage. Both amphibole and pyroxene are often replaced
later by a green chlorite, or, less commonly, by a colourlessg,
fibrous amphibole.

Hornblende forms rims around and replacing pyrcxene,‘
and occurs ags independent sub-hedral crystals, sometimes
rimmed by a further discrete amphibole. The pleochroic
formulae asgociated with the two types ares

1) Cores and euhedral crystals; x:y:z:strawigreensbrown.

2) Rims and interstices; xiyszs: Pale-~greenggreensbrown.,
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A few patches of pale fibrous amphibole are to be found
in places, usually associsted with chlorite. The amphiboles
are, on the whole, little altered;, and appear to be stable
with chlorite and sericite,

Opaque minerals - magnetite and ilmenite - are the common
minor constituents, forming large skeletal crystals. Calcite
and epidote are present as small veins and pabches in
insignificant amounts. No quartz was detected in this
specimen, nor was any potash felspar.

The characteristic alteration products are sericlte
in the plagioclases, and chlorite. The chlorite is pale
green and pleochrole, and shows very low birefringence with
anomalous blue colours near extinction between crosged nicols.
It is biaxial positive, with dispersion red wviolet. In
replacing pyroxene, it forms a2 pseudomorph with an orientation
generally unrelated to that of the original mineral. Pale
fibrous amphibole occurs with chlorlite at times, especially
replacing pyroxene, BSevpentine and fine granular majgnetite
ave present as pseudomorphs after olivine. The serpentine
is a yellowish, fibrous variety.

2) Crysitallisation sequence in the £abbros.

The texture of the rock is hypidiomorphic, varying to
sub-ophitic in places, The intergranular material is small
in amount, and fairly coarse. The felspars form sub-hedral
crystals, except against opague minerals and gome pyroxene.

The pyroxene is partly euvhedral, and partly Intergrown with,
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and grown around, plagioclase. The probable order of

crystallisation interpreted from the texture is:

Falling Temperature o

0livine ~—wemwmmmm—. - o Alters to serpenting=—-
Ore mineralsy =
Barly felapape-emm—smo - - late felspar —e——moee
e PYFLORENE wwememw=fAMphibole =wmomamm= Chlorite ~—omw
Secondary amphibole, chlorite ——=——mmm=—

3) Normal variants of the gabbros.

The gabbro described above (AALT3 Pig.l4a) is fresh and
is chosen as representative of the gabbros of the Inner Part
of the Avres. The main characteristics of these gabbros are,
velicts of olivine, a dominantly pyroxene-plagioclase
agsemblage, abundant ilmenite, alteration of ferromagnesian
minerals to chlorite of the type described abowe. Thermal
metamorphism, towards the granite contact, leads to the
appearance of biotite in more than accessory amounts.

This "type" gabbro is to be found, very much as it has
been described here, over much of the gabbro outecrop of the
Inner Part of the Arvea, and often in the OQuter Part. The
varietiesof gabbro found in the area are all close to this
type and show individual distinguishing characteristies no%
associated with their spatial distribution. In any particular
locality, it is usually possible to find examples of more

than one variety of gabbro, although this is unlikely to be
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detectable except in thin section, and although from place
to place, in the OQubter Area especially, there is an uneven
distribusion of the diffevent variants.

The most evident variation, seen in the gabbro both in
hand specimen - as a flecked surface where it 1ls weathered -
and in thin section, is the development of interstitial patches
of granophyrlic intergrowth of quartz and felspar, This is
seen in specimens AA169 and 170, (Loeality J3/077), AAL63,
(K0/119), AA221, (18/030), and many others. It is usually
found that the olivine in these rocks has been wholly replaced,
No rock with interstitial guartz has been found to contain
hypersthene., The interstitial granophyre is always
asgociated with the development of rims of sodic felspar, of
composition about An20, around the neighbouring plagioclases,
often showing a sharp break in the normal compositional
grading at the rim., These rims are presoent in gabbros showing
no inter&%itial granophyre, (e.g. AALT3), but are best
developed where 1t is also present, and indeed at times +the
felspar of the rim grows on in optical continuity as one of
the components of the granophyric material. (e.g.AA75).

The textural variation in the gabbros is from a mainly
hypidiomorphic structure, to coarsely ophitic. This variation
may be entirely at a coarse grain-size, from a gabbro such as
BAA16%3, (K0O/119), which is coarsely ophitic, to one like AALTS ,
or the ophitic varviant may be of finer grain-size. The

latter variation leads to a gradual transition from gabbro
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into dolerite, as at MO/030, where specimen 4A210 shows this
change.

Mineralogical variatlon is rarely signiflicant, except in
the presence of the intergranular granophyric patches. The
gabbros of the area around G5 often show, even in hand
specimen, abundant magnetite and ilmenite (HM.8808,HM.3800).
Biotite appears as the contvact of the gabbros with the Central
Gronite of the Complex is approached (AA220,L8/079) but this
is more apparent in the diorites. .

All of these variations are landependent, and any
particular rock from any part of the gabbro outcrop may depart
from the "type" in wmore than one way, On all forms of the
gabbro, however, may be superimposed a further modification.
This is due to the presence, particularly in the Inner Part
of the Area, of diffuse veins, stringers and patches of
dioritic or granodioritic material, which, locally numerous,
have considerably altered some parts of the gabbro. (e.g.
around N2/062). These veins are sometimes the diffuse
equivalents in the gabbro of discrete felsitic or grano-
phyric veins in the dolerite, theilr form controlled by the
texture, and possibly the igneous history of the host rock,
but in other localities, as at X6/084, are confined to the
gabbro, and are cut by the discrete granophyre veins common
in the adjacent dolerite. The diffuse veins in the gabbro
are assoclated with, and are interpreted as being responsible

for, the development of sharp sodic rims on the plaioclases,
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the conversion of most of the ferrvo-magnesian minerals
to chlorite, and the alteration of the chemical constitution
of the roeck in such a way that it weathers to a dirty orange
colour. (e.g.AALTE).

There seems to be no essential difference, except in
scale, bebtween the rimming of plagioclases around the
patches of interstitial granophyre, as in AA169, and the
similear rimming effects found with the granophyre of the
diffuse veins, especially in the constancy shown in both the
composition of the wims, and t0 a legss extent, in the |
pogsibility of the vims growing in optical continuity with

)

the felspar of the granophyric material, appavently of the
same composition. (AAT75).

A minor feature of the gabbros is the large number of
twin-laws exhibited by the glagioclases, all of the common
laws being frequently represented except the Carlsbad ILaw,.
Albite and acline twins are particularly common. TFor no
apparent reason, the gabbros showing the greatest number and
variety of twins in the plagioclases, are those with most
interstitial granophyric materisl..

Specimen AA25 (Fig.l4b) has been collected from as near
CTyrrell's locality as can be determined from the Arran Memoir
account (Tyrrell 1924 p. 174 ). Tyrrell's analysis is
included in Table 8 .+ The rock of AA25 is closely similar

t0 that of the analysed specimen, (Hunterian Museum No,

H.M.8802), except in being considerably fresher. The gabbro



69,

is of sub-ophitic texture, of the variety showing minowr
amounts of interstitial granophyric intergrowth, and with

a relict and pseudomorph of olivine., This texture and
composition is widespread in the Outer Part of the Area. The
The mode and optical data for AA25, and the analysis of
Tyrrell's specimen and a calculated norm are in tables 4,

5,8 and 10,

4) Description of the Dolerites.

The dolerites are separated from the gabbros arbitrarily,
and probably not at all times consistently, on the basis of
average grain-size, and to a certain exbtent, texture., That
is, a "dolerite" as mapped here, is a vock of gabbroic
composition and mineralogy, in which the larger crystals are
just visible in hand specimen, and which shows an ophitic
or sub-ophitic texbture. In fact, all of the fine~grained
basic rocks of this area, down to those of a very fine grain-
asime, show ophitic texture to some extent. (See Pigs.15a and b).

In the part of Burn A around D2/073, rocks are exposed
showing transition from fine-grained gabbro to dolerite. The
gabbro, represented by specimens ACLOS, Acl06, is a madium
gralned, felsp sthic gabbro, of a coarsely ophitic texture,
and with sharply rimmed felspars.(Table 5). Closely adjacent,
and grading into the above rocks, is a dolerite containing
mumerons large, clear plates of felspar, (ACLOLLl), with a
amall pateh of a variant composed mainly of these large

felspars, with only interstitial ophitic material.(ACl02).
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(AC102 appears in Tables 4 and 5). All of these gabbros

show a gradual transition to a fine-grained ophitic dolerite,
(AGLO7,108), which is essentially similar in mineralogy.
Olivine is never geen, a trace of quartz, vsuwally less than
3%, is always found, and the opague minerals are distributed
throughout the rock as a fine dust, and the skeletal ilmenites
typical of the coarse gabbros are uncommon.

A1l the dolerites of both the Inner and Outer areas are
of this type, with little variation from place to place, Mod es
and felgpar data for dolerites from various localities are
shown in Tables 4 and 5; the rocks are all similar, and
gimilar, except in the absence of oliwvine, to the gabbros with
little or no interstitial granophyric materisl. The secondary
minerals and alteration products are the same o8 those in the
gabbros,

The effect of the veins of microgranite and microdiorlite
which cut the dolerite of the Inner Part of the Ares in many
places, is slight. At the margin of the vein, felspars are
mnuch rimmed and the ferromagnesian minersls are largely altered
to chlorite, but the effect rarely extends more than three
inches in to the dolerite, and is usually much less. These
discrete veins, when they pass from dolerite into gabbro,
become rapidly more diffuse, and the amount of alteration
of the gabbro is more marked.

5) FPield relations of the dolerite and 2abbro.

In places, dolerite appear in the field to be cut by
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gabbro, (e.ge. at 0/064, A01492), where, near a contact with
a microgranite sheet, the gabbro appears to have wveined the
dolerite. Elsevhere, for instance at M0/0%0, AA210, a contact
which appears sharp in the field, is seen in thin section to
be graded, fyrom dolerite, to dolerite with coarse granular
patehes, to gabbro. There is no sign of metamorphism of +the
dolerite by the gabbro.

A% contacts where late mic rogranite sheets cut the gabbro
or dolerite, the amount of slteration of the basic rocks is
less than at the margins of the veins. Over a short distance,
the felepars and pyroxeuss are alfected, and chlorite is
formed abundantly at the contact. Along the contact there
is often a narvow zone in which derived crystals from the
gabbro or dolerite float in granophyre to form a layer of
microdiorite. (ACL49) (Fig.20).

Where the gabbro or dolerite is intruded against the
hornfelsed sandstones of the country rocks, the basic rock
ig usually chilled to a fine dolerite or basalt. A good
exposure of a contact bebween dolerite and guartzite is
exposed at (9/062, The dolerite is represented by ACR201.
(Fig.15%a). This is a fine ophitic dolerite, with fresh
pyroxene, and felspars. It contains a small inclusion,
rounded, about 2.0mm. diz., of an aggregatc of pa.e diopside
epidote and biotite, with inltergranvlar guartz and turbid
felspar. Avound the inclusilon, the laths of the dolerite

felgpars have flowed. There is no gign of any reaction
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whatever between inclusion and dolerite., It may represent
a xenolith of calcareous sediment.

6) Summary of Principval Features of Gabbros and Dolerites.

The gabbros and dolerites are not discrete types. The
mineralogy is similar in both, with dominant pyroxene -
plagioclase assemblages, In the least alltered members, olivine
and hypersthene are found. The usual accessory minerals are
ilmenite, magnetite and apatite, and the secondary minerals
. amphibole, chlorite, sevicite and serpentine. Part of the
amphibole is probably primary.

The texture is hypidiomorphic or sub~ophitic in +the
gabbros, strongly ophitic in the dolerites. Near junctions
with microgranite or diorite, small interstitial patches of
granophyric intergrowth of quartz and alkali felspar are found
which weather out on exposed surfaces as white flecks and
patches,

The principal differences between the dolerites and the
gabbros are found around such patches of granophyre. 1In the
gabbro, zoning of the felspars is common - not asg discrete
zones, bulbt as a gradual transition from a core of composition
about Anb55 outwards to An 30 near the edge. Here there is a
sharp break in the composition variation, and a discrete rim
of material of composition An20., This is usual in the gabbros,
and rare in the dolerites, where the zoning is often graded

from core to margin. Similarly, a phenomenon found only in
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the gabbros is that around the granophyric patches, the
pyroxenes are soda-rich varieties; this is not found in the
dolerites.

Wherever the basic rocks come into contact with the
sedimentary country rocks, the latter are hornfelsed, and
the basic rock shows a fine-grained or chilled wargin. No
trace of assimilation of sedimentary material in gabbro or
dolerite has been seen anygwhere in the ares.

The late microgranite apophyses of the Central Ring
Granite, such as those at N5/064 have little effect on the
gabbro apart from slight thermal metamorphism, and are notb
assoclated with a diorite suite., These late granite intrusions
cut acrogs the vein structures and dioritic patches in the
yabbro and dolerites.

¢) The Microgranite Tntrusions.

1) The descripbion.

The microgranite of the Glen Dubh Area forms a thin,
extensive sheel, more or less regular, lying bebtween gabbro
and hornfelsed sandstones., (See p. 22-23), The extent of the
outerop is shown in Fig.24, and the structural relations are
shown in Fig.2T7. The microgranite 1s often difficult to
distinguish, in the field, from hormfelaed sandstones, excepd
in the freshexposures of the stream sections.

A typical specimen, (ACG217, from K0/052), comes from a
sheet of microgranlte intruded into dolerite, in the Inner Pard

of the Area., The chemical analysis and the norm are showr in
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Tables 8 and 10, and a photomicrograph in Fig.l6a. In hand
gpecimen, the rock is a grey granular aggregate of barely
digtinguishable quartz and felspar grains, superficilally
similar to the hornfelsed sandstones. In this section, the
rock is seen to contain some %% of chlorite and opague
minerals, and the rest of the rock t0 be made up of a variable
aggregate of quartz and felspar. TIFrom the snalysis, Table 8,
it is apparent that some of the felspar must be ovrthoclase,
but it has not been identified in the thin section, either
optically or by staining. (The staining method used gave
excellent results in both microperthite and clear felspar

of the Shap Grenite.). Quartz forms approximately 35% of
the rock.

The texture of the rock is complex. Some 20% shows a
fine granophyric intergrowth of quartz and felspar, (8ig.l6s),
forming optically continuous patches up to 1l.5mm, across.

The intergrowth is sometimes in optical continuity with the
rims of euhedral felspars. The rest of‘the rock is a granulay
aggregate of quartz and felspay, in anhedral equigranular
eryestals, with occasional euhedral or subhedral plagioclase
crystalss the latter have compositions about Anb-10. The
chlorite forms occasional laths and flakes of small size,

and, with the opague material, is confined to the areas of
granular texture.

Where the microgranite is in close proximity %o diorite

or to altered dolerite, the proportion of granophyric material
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increases, up to T0% of the rock. (e.g. AC 19), This is
accompanied by an increase in the amount of chlorite - up

t0 8% = and is seen in the area around B5/055, in the
numerous veins and apophyses of granite. Away from contacts
with basic rocks, as at D4/047, AC 221, the texture is almost
wholly granuvlar, and in places shows poikilitic enclosure of
euhedral plagioclase in quartz. At NO/064, a specimen
collected as Tar from the granite-dolerite contact as
possible, (AC208), has a texture almost entirely granular,
except Tor intergrowths around a few rounded, clear, crystals
of quartz.

A good contact between microgranite and hornfelsed sande
gtone is exposed at F1/098. TFine grey microgranite cuts the
dark grey sandstones along an lrregular surface, and occasion-
a2lly veins the hornfels. A slide cut of the contact, (AC 127
Fig.17), shows that the relations of the two are in places
complex. In the hornfels, well-formed xenocrysts of felspar,
and radial or globular aggregates of quartz and felspar have
grown, and are most numerous near to the contact. At the
contact, the hornfels is banded parallel to the contasct with,
on the side away from the microgranite, a dark band of partly
glagsy, partly micro-crystalline material; against the
microgranite is a band of lighter, finely crystalline
materisl with numerous small plagioclase laths similar to the
xenocrysts in the hornfels. The material of the band in

contact with the microgranite has been sufficiently mobile
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to 'back-vein' the microgranite, cutting across and
surrounding some of the patches of granophyric texture.

This implies that the margin of the hornfels has been partly
refused, and has been mobile at a time when the granophyre
was sufficiently wviscous or solid to be back-veined.

About 200 yards South of the top of Creag na h'lolaire
there i1s an unusual varliant of the microgronites. A specimen
(AC 219), shows, in the hand, clear blebs of quartz, in a
fine matrix. In thin section, the gquartz blebs are seen to
be large ovold crystalg up %o 5 mm. in diam., corroded and
embayed along the margins, Most of the rock is of the
poikilitic texture seen in AC 221, but around the gquartz blebs,
and occsgionally elsewhere, there are fine botryoidal growths
of fibres of quartz and felspar., While most of the blebs are
of one crystal of quartz, some are of several grains,

A contact between microgranite and gabbro at P6/63%5 has
been sectioned. (AA 149, Fig.20). This will be discussed fully
later, (ps 85 ), but it is relevant to note here, that the
microgranite shows, towards the contact with the gabbro, a
marked increase in the proportion of granophyric material.

It will also be noted from the snalysis, (Table 2a,1), that
the rock is unusually low in alumina., This will be more
fully discussed below. (p. Q0~91 ),

Inter-reaction of microgranite with the basic rocks of
the area leads to the development of hornblende microgranites,

and of a sulte of dioritic rocks varying from contaminated
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microgranlte through hovnblende diovites {0 altered gabbro
and dolerite. These are discussed in the next section.
(ppe 77 = 101 ).

2) Summary.

The principal characteristics of the microgranites are
the small amount of dark minerals, the variable texture -
ranging from granular to granophyric, and the presence of
potash minerals in a form difficult to detect under the
microscope., Near contacts with basic rocks, the mierogranite
develops a granophyric texture, and contains more ferromag-
negisan minerals. At contacts with sedinmentary rocks in the
OQuter Part of the arvea at least, the microgranite does not
show a chilled margin, but is, in places, back-veined by
the hornfelsed sedimentary material,

d) Diorites and Other Hybrid Roeks.

1) Introduction.

The diorites of the Glen Dubh area are confined almost
entirely to the Outer area, although veins and patches of
dioritic material do ocecur sporadically in +the gabbros of
the Inner area. In the following description, for convenience,
the term diorite is used to include all the rocks of composition
intermediate between the hornblende microgranite, and the
altered gabbros and dolerites.

In the field, it was found possible to separate several

types of dilorite characterised by their appearance in hond-
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specimen, and also by thelr relative positions between
microgranite and gabbro. Since these groups have been found
to be consistent with the features observed in thin sections
of the diorites, the field classification has been used as the
basis for the descriptions., In some cases, however, it was
not possible in the field to draw boundaries between the

types observed, elther because of the tortuous outecrop of the
junction, where it is nearly parallel to the slope, or because
the rocks are often, except in the stream sections, deeply
weathered.

2) Pield Classification of the Diorites.

In the field it was found that there was a counstant
relationship to be seen in the rocks lying between the micro-
granite and the dolerite;, and a similar, but distinct relation-
ship in the rocks between microgranite and gabbro. (See p. 23 ).
Between the microgranite (la) and dolerite there were
discriminated the followlings

Microgranite with abundant hornblende. (1b)

Fine hornblende diorite, seen to vein other rocks. (2a)

Fine hornblende diorite, with patches and veins, often
with relics of ophitic texture. (2b)

Dolerite with net-veins, sometimég patchy, and most
altered near veins. (3a)

Dolerite. (3b)

This geries was always found in this order, although the

relative amounts of the different members wvaried,
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Similaxrly, between the microgranite and the gabbros, a
consistent series was founds;

Microgranite. (1a)

Hornblende microgranite, of coarse granophyric texture.(le)

Coarse diorite, forming veins in other rocks. (2¢)

Uoarse diorite, patchy, with veins of lighter diorite, and
relics of gabbro minerals and texture. (24)

Altered Gabbro. (4a)

Gabbro. (4b)

The following diagram shows the parallel relationship.

Hicrogranite Basic Roek
la 1b 28 2b 38, 3b
1la le 2¢C 2d 4o, 4%

Since the gabbro in places passes into dolerite, (p. )
there are, in a few places, expogures of diorite intermediate
between those placed in the above series, and since the
variation is virtually continuous from microgranite to basic
rock, there are necesgarily rocks which are not readily
allocated to the groups chosen. These groups, however, form
units which can be reasonably easily discriminsted both in
the field and in thin section,

3) Description of the Diorites.

Fine horublende diorite, seen to form veins. (2a).
These diorites are found next to the jJjunction with micyro-
from
granite and show all gradetions/microgranite of dominantly

granophyric texture with abundant hornblende laths and chlorite
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to a hornblende diorite with a colour index of 35, Grano-
phyric intergrowths of alkall felgpar and gquartz form the
bulk of the leucocratic portion - some 40% - 15% of the rock.
The rest of the felspar is in subbedral laths, 1little zoned,
and often much altered to sericite. In a few instances,
albite twing wevre found in these felspars. The compositions
were determined for plagioclases in two specimend, (AA 78 and
AC 87) and ave shown in Table 6. Some laths of plagioclase
extend fringes into the granophyric intergrowth,

The ferromagnesian minerals are long subhedral laths of
green hornblende, (much altered to chlorite), irregular
patches of ehlorite, and abundant patches of opague dust and
small crystals of magnetite, heoamatite and ilmenite. The
mode of a diorite of this group, (AA 197), is shown in the

following Table.

Table 3.
Quartz 204 4% Biotite 0.4%
Felspar 48 42% Apatite 1.7%
Amphibole  Tr. Opaque 24l%
Chlorite 27 2% Total 100,0%

(The granophyric part of this rock is sufficiently coarse to
allow the guartz and felspar to be discriminated readily.)
Fig.18s, is a photomicrograph of a diorite of this group

(AC T70), a rock from the more basic end of the series, with

only about 15% of granophyric material. The specimen was taken
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from an exposure where this diorite was seen to vein altered
dolerite.

Similar diorites, all occurring in the same structural context
have been collected at the following localities;

B6/055 - AC20 D6/06T7 - AC62  EB2/057 ~ AC68, ACTL

E2/080 - ACL10x  D8/049 ~ AC204.

Towards the Jjunction with the patchy hornblende diorite
with veins, the diorite becomes patchy and more basic.
Xenoliths of altered dolerite are common, with rarely, some
of sedimentary hornfels. Fig.l8a shows a typical diorite
of this group, ACTO, from B2/057, with sub-ophitic texture
and an inclusion of fine dolerite. The felsgpars are litile
zoned, but show a vim of sodic plagioclase. The apoyroximate
compositions are An30 and Anl7T for core and rim respectively.
The rims of the plagioclases are enclosed by the poikilitic
honblendes,

The hornblende in ACTO shows, in a few cases, cores
of pyroxene.

A similar rock, (AA1T) provided two determinable Telspars.
In both cases there was a prominent rim, of composition An20,
and little zoning within, the cores being about Andb,

Tine hornblende diorite, cut by veins. (2b)

The diorites of this type are found adjacent to, above,
and showing a passage to, the altered and net-veined dolerites.

They are typically patchy, and are cut by veins of more acid

diorite. A specimen is shown in Fig.18b. (ACL03, from DO/070).
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In hond specimen, this rock resembles a dolerite, except

for a lighter colour, and a greenish appearance on broken
surfaces. It has the typical ophitic texture of the dolerites
of this area. There are, however, numerous patches of
interstitial quartz-felspar intergrowth, amounting to about
8% of the rock. The felspars are occasionally strongly
rimmed, (see Table 6), and the outer, most sodic parts of the

rim ave interrupted by adjacent pyroxzene crystals. The sodic

felspar is found only as vims or interstitially - it does not
form lobes or embayments In the earlier felspar, nor is there
any sign of perthitic structure.

The pyroxene of the rock is now largely altered to horn-
blende and chlorite, and hornblende encloses pyroxene cores.
Opaque minerals and apatite are common accessories., The
hornblendes do not showkgood crystal forms; this is in contrast
to the subhedral forms seen in the more acid diorites.

The diorite exposed in the beds of the lower gtreams in
Glen Dubh grades into dolerite, by gradusl increase in colour
index, and increase in the nunber of darker patches of less
acidic material,

Dolerite with net-veins.

The dolerite near to the junction with the diorites lg
often cut by a reticulate set of veins of fine hornblende diorit
of the type desecribed above, (p.79 )(Pighb.6a,b). In the

dolerite adjacent to the wveins, there are small patches of



83.

intergrown quartz and alkall felegpar, and the ferro-magnesisn
minerals are altered to chlorite. The veins are more discrete
than those in the diorite, and have displaced the blocks of
dolerite between the velins laterally, by small amounts.

These net-veins show no sign of the clastic structures
seen in the veins associated with the felsite intrusions (See
P, 105 ) and are all of hornblende diorite oxr of hornblende
microgranite,

Hornblende microgranite, of coarse granophyric texture.(le)

Wherethere are conbtacts between gabbro and microgranite,
there is a sevies of diorites analogous to those described
above., They are well exposed in the area of steep slabs
around F0/084, and in the Glen Dubh Water.

The microgranite passes, towards the gabbro, into a
hornblende micrograniteof coarse granophyric texture. (The
‘coarse' texture is relative to that seen in the fine diorites -
it 18 just visible with the naked eye). The rock is veadily
recogniged in hand specimen by the presence of numerous
needles of green hornblende, from 3 mm, to 50 mm. in length,
The needles are often grouped in clusters or sheaves, oy may
show a parallel orientation.

In thin section, the needles are found to be of green
chlorite replacing hornblende. The bulk of the rock - some
T0% - is a complex agiregate of granophyric intergrowths of

quartz and alkali felspar. This is shown in Pig.19b, (40122,
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from B4/087). In this rock, there are a few very much
altered laths of felspar from which fringes extend into the

ad jacent granophyre. Apart from the hornblende - chlorite
needles, the only dark minerals are a few grains of magnetite,
and a few flakes of blotite. Optical data for albite twins
in specimen AA1Q0%S are given in Table 6,

Other similar dlorites show ocecasional relics of
pyroxene cores in hornblende. The hornblende shows its
proper crys%al outlines.

Coarse, patchy hornblende diorite, with veins. (24)

This diorite is found in contaect with gabbro at the
junction of gabbro with diorite. Away from the gabbro, it
grades Into the nornblende microgranite described in the
preceding section. The patchy diorite is variable in the
field, but has a characteristic 'flecked' appearance due 1o
the weathering out of large felspars. The dark minersls are
usually notably green on a wealhered surface.

In thin section, as in ACLL7, (from ¥5/086, Fig.19a),
the texture is seen to be similar to that of the gabbros.

The rock is made up of, dominantly, felspar, (60%), and
pyroxene, (25%)., Interstitially, there are numerous small
patchesol granophyric intergrowth of quartz end felspar, the
latter sometimes forming optiecally continuous fringes to the
subhedyral felspars. The granophyric material amounts to aboulb
10% of the slide. The rest of the rock is made up of magnetite

and ilmenite, in skeletal crystals, and as opague dust,
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irregular flekes of chlorite, and rarve traces of seypentinised
olivine,

The pyroxenes are altered marginally to hornblende,
ezpecially near patchesof granophyre, and are pseudomorphed
by the hornblende., Sodic rims on the plagioclases are
interrupted by adjacent pyroxenes.

To the Bast, at F3/086, the diorite (AC116) shows
interstitial grancphyric material amounting to about 20% of
the ares of the slide. Both this rock and ACLLT7 contain
numerous zouned and twinned plagioclases, and compositions for
several crystals are shown in Table 6. The plagioclases of
this group of diorites show an unusual variety of twin laws,
including pericline, aeline; and possibly manebach laws.

4) Gabbro-Microgranite Contact at F6/035,.

Description.

A specimen, AA 149, was collected showing the transition
from microgranite to gabbro on a swall scale, It is shown in
Pig.20s The portion of the rock shown in the photograph was
sectioned parallel to the flat surface shown, and chemical
analyses were made of the areas indicated on the photograph.
The analyses are shown in Tables 11 and 12, the calculated
norms in Table 13, and two diagrams showing the compositional
variation across the specimen in Pig.21l. The parts chosen
for analysis were intended to separate the areas of vrock of

visibly different texture.
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The zones discriminated in the photograph (Fig.20) (photo-

graph at actual size) are borne out in thin section, and from
1 to 4 show a graduvally progressive change in texture and
mineralog§n Zone 1, {(Anal.AAl49b 1), is a typical microgranite
with about T0% of ite area a complex aggregate of granophyric
intergrowths of alkali felspar and quartz. Buhedral felspars
aremuch altered to sericite, and are fringed by granophyre
growths. Chlorite after hornblende needles, and as irregular
flakes, amounts to above 4% of +the area, and there are a few
erystals of magnetite. Zone 2, (Anal, AAL49b 2), is similar,
with a change in proportion of the minerals present. BEuhedral
felspars form 40% of the area, and granophyre about 35%, while
chlorite, (with now traces of hornblende cores in the laths),
and opaque material heve increased, The opague minerals form
a fine interstitial dust,.

At the margin of Zone %, a sharp change takes place in
texture. The rock is now an open network of felspar laths, with
hornblende as poikilitic crystals rather than as laths and
needles, while the granophyric material, about 15% of the
rock, is entively interstitial. A few long laths of plagio-
clase appear to have grown out freely into the materiallof
zone two, and form cores for granophyric intevgrowths. AlL
of the felspars of Zone three are markedly zoned, with an even
gradation in composition for most of the change, then a break,
and an abrupt change al the outer margin, to show a discrete

rim of alkali felspar. This break does not occur in those
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FPigure 20,

Specimen AA 149b, actual size, showing the areas selected
for chemical analysis. The numbers correspond to the
numbersof the analyses.

Locality F6/035.
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plagioclases which extend into Zone two. The ferromagnesian
minerals of zone 3 are hornblende, much altered to chlorite,

as laths anﬁ'poikilitic plates, and subordinate magnetite, as
skeletal and sgubhedral crystals. The texture of the plagioclase
laths, and their parallel platy growth at the margin of Zones
two and thyee, 1ls interpreted as indicating that they have

grown from a relatively solid base of Zone four, into relatively
mobile material in zone two,.

There is a sharp transition from Zone three to Zone four
marked by a change to the sub-ophitic texture typical of the
mediun-grained gabbros. Intergranular granophyric material
constitutes only some 3% of the area of the zone, and only
close to the patches of intergrowth is there notable rimming
of the glagioclases, although graded zmoning is common., Horn-
blende (after pyroxene, with relict eores of fresh pyroxene),
is the common fervomagnesian mineral, forming poikilitic
platesr and snhedral interstitial crystals. Tlmenite and
magnetite occur as subhedral and skeletal crystals, and
apatite 1s a subordinste accessory. In the slide, although
this is not shown at the level of the photograph, Zone four
grades into Zone six by increase in the amount of hormblende
at the expense of felspar, and reduction of the amount of
granophyric material to accessory propovtions. Zone six is
gabbro, though significantly more altered than, for example,

AA 173, the analysed specimen. The pyroxene is largely
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altered to hornblende and chlorite, and the felspars are not
wholly fresh, even in the least altered parts of the zone.

Zone five represents one of the diffuse pale patches
common in the gabbro near the mrgin of the diorite. It is
gimilar in mineral composition to Zone three, with a greater
proportion of dark minerals, but lacks any sort of directional
texture. The material of Zone five grades imperceptibly into
that of the adjacent zones four and six.

Chemical Analyses of specimen AAI4Q.

In Fig.21l the compositiouns of samples from these six
zones have been plotted to show the way in which the velative
proportions of the constituents vary. In the left-hand
diagram, the percentages of the wvarious oxides, recalculated
water-free, have been plotted against the silica percentage.
In the right hand disgram, the same oxide percentages and
algo that of silica, have been plotted against the logarithm
to the base 10 of the ratio of felsic to mafic oxides. The
log. base is used to plot the ordinates, since the two values
whose ratio is plotted are already inversely rvelated by the
function y = 100 - x, and if plotted on a linear base, would
be poorly separsted on the horizontal axis. The diagram
therefore shows, directly, only the way in which the proportion
of silice varies wvelative to the other oxides.

Discussion of the analytical results.

On the left-hand diagrem, the curves show o fairly even

"stralght-line” trend from No.l to No.6, except where it is
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interrupted by either No.,4 or No.5. TFor the reasons shown
above, No.5 is regarded aslying outside the normal series

of hybrids, forming a patch within the gabbro, snd not
ocourring in the graded transition seen in the thin section.
The dotted lines have therefore been drawn to show the
variation trends when Ne.b5 is omitted. Then the curves,
except between No.4 and No.6 show the type of wariation to
be expected in a geries of hybrids formed by addition of

one end member of the series to the other with simple mixing,
and no gubsequent differentiation, or development of "fronts"
of metasomatic origin., The disconformity between No.4 and

6, in the sharp increase in calcium and magneslum oxides and
corresponding Tfall in alumina, ig probably due to the effect
of choosing No.6 as the 'apparently most basic part of the
gabbro end', and so inadvertently selecting a part where
there was a2 local segregation of pyroxenes. Such local
variationin the proportions of felspar and pyroxene is
common in the coarser gabbros, and the sample was necessarily
80 small that it could be, to some extent, non-representative.
The high proportion of dippeide sppearing in the norm (Table
13) bears out this argument. No.5 then appears to be a
local patch comparable to with Nos. 4 and 6, but with
appreciably sugmented quartz and correspondingly depleted
diopside (normative)s; it is interpreted as being the result
of the introduction of granophyric material at a late stage,

when the gabbro wag t00 cold %o react readily, forming a
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"giffuse vein" in the gabbro.

Discussion of apparent anomaliesin the 'Norms' of the
rocks anaglysed.

The "norms", (Table 1%), recalculated from the analyses
on the C.I.P.W, System, after Johanssen, (1931), demonsirate
an unusual feature in the chemical composition of the acid
members of {the serles., This is that both acmite and sodium
metasilicate appear in the norms of Nos. 1 and 2, in small
amounts. Acmite also appears in the norm of the Northern
Granlte. (Table lec). However, both the granophyre AC217, and
the gabbro, AALT3, Ffrom the Glen Dubh area, which have been
analysed, show faivly high alumina contents - 11,96 and 19.8
respectively « which are comparable with the analyses from
other parts of Arran and with Daly's averages glven in Table 8.
The proposed explanation of this anomaly is that the granophyre
of AAL49 has absorbed s swall amount of felspathlc sandstone
from the country rocks. The fivst minerals to be absorbed
would be guartz, orthoclase and albite leading to enrichment
of the microgranite in silica and soda potash and alumina.
However, it is unlikely that the felgpar in the gediment
would be pure albite, and as soon as any anorthite was taken
up, the crystallisation history of the melt would be affected.
To provide the latent heat necessary to melt the xenolithic
material, crystallisation of the phases in which the melt is
saturated must take place, (Bowen, 1928, p.191), - in this case,

an intermediate plagioclase, and hornblende,



While no phases which would not originally have crystellised
from the melt will appear, (Bowen ibid. p.191), the amount of
eutectic material will be markedly increased., This wounld
explain the high proportion of granophyric material seen in the
rock. At the same time, the abundant alkalis and silica present
would Ffacilitate the conversion of the pyroxene in the melt to
amphibole = and, in a vrock with much soda available, 10 a sodium
bearing hornblende, In other words, the appearance of acmite
and sodium metasilicate in the norm in small quantity doeg nob
necessitate any corresponding appearance of these minerals in
the rock, since the caleulation of the norm takes no account
of the possibility of the entry of Na20 molecules into ferro-
magnesian silicate lattices,

While, however, absorption of a swall amount of guartzno-
felspathic sedimentary material is adequate to explain the
rather high proportions of alkalis and silica in the analyses,
and the abundant granophyric intergrowth of eutectic material
noted in the sections, it cannot explain the small percentages
of alumina molecule. No reasonably probable explanation can
be effered for the low percentage of alumina in the analyses
Nos.l and 2, except that a minor addition of silica, for exzample,
would disproportionately depress the relative proportion of
alumina, This might be sufficient to explaln the amount of some
3% by which the alumine percentage Ls below normal for the region.

5) Relation of Diorites to Sedimentary Rocks.,

Contacts between diorite and sedimentary rocks are rarely
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exposed, and in only one locality has it been possible to
demonstrate the junction of diorite with hornfelsed sand-
atones with any certainty. This is in Burn B, at (8/062,
and is discussed below.

It has been consistently found, however, that near
contacts between diorite and sandstone, there are numerous
fragments of basalt or microdolerite as xenoliths in the
diorite. The more fine-grained the xenolith, other things
being equal, the legg it is altered by the diorite. These
bagsalt xenoliths are interpreted as being fragments of the
chilled margin of the dolerite against the country rocks, left
unaltered when the coarger doleritic material has been made
over into diorite of 2b types. At €9/061, mhere is an
exposure of dolerite chilled against hornfelsed sandstone.

As the dolerite (AC201), is traced away from the contact, it
becomes coarser and passes impercepitible with increasing
grain-gize, into diorite of Group 2b.

The structural position of the diovites, between micro-
granite and gabbro ar dolevite necessarily implies a linited
possibility of contact with the éountry rocks, and it ig only
where there are xenoliths of hornfels of a faiyr size that the
relationship can be studied. Such conditions do in fact occur,
as noted above, at (8/062, in the bed of Burn B.

Here diorite of Group 2b' enclosed blocks and fragments
of hornfelsed felspathic sandstone, and of altered dolerite.

Specimens AC 145, 146 and 147 were collected at this locality
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and have been gectioned to show the contacts between xenoliths
and diorite., In all cases, the hornfels fragments show little
effect of the magma; traces of granophyric material are common
in %hé more gritity xenoliths, and all of the smaller xenoliths
are recrystallised. At the margin of a few of the xenoliths,
the diorite can be seen to have broken up the edge of the
hornfels, and the crystals are disseminated in the adjacent
diorite. In no case is the effect on move than a very minor
scale, The xenoliths containing shaly fragments, when very
small, may be almost completely assimilated, and then the
giltstone fragments retain their integrity to the last stages,
and are recognisable in the diorite after the vrest of the
xenolith has completely gone., Similar reactions in small
xenoliths have been noted in smell xenoliths at B5/076.(AAB4D) .
At the contact with the hornfelsed sediments at €9/062,
the dolerite ls chilled to o fine micro-ophitic basalt. No
reaction with the sediment is seen, and there is no sign of
agsimilation of sedimentary material by the dolerite. This
is generally true of the whole area, for both dolerite and

gabbro. In no coge is either observed to asgsimilate sedimentar

materiale

Iyrrell states, 1928, p.l1l75; "Furthermore, on its eastern
margin, the gabbro has been modified by the incorporation of
0ld Red Sandstone material, for the most part a Tine-grained
felspathic sandstone, producing results approximately similar

in kind and degree to admixture with granite. The Survey
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material, however, is insufficient for the complete petro-
graphic demongtration of these views, which are based on the
study of the collection of the Geological Department of the
University of Glasgow", The writer has examined the slides

of this colleetion, now in the Hunterian Museum, including a
gslide of the analysed specimen of the Glen Dubh Gabbro, and

hag found no example of gabbro assimilating sediments, although
there are several examples of a hybrid diorite doing so 1o &

gmall extent. Wherever contactls between uncontaminated

dolerite or gabbro and sediment have been found, there has

beern chilling of the basic rock against sediment, and in no
case has an isolated fraogment of quartzite been Ffound in gabbro
surrounded by an aureole of diorite or altered gabbro.

b) Genersl discussion and interpretation of the diorites.

The principal features of the diorites, on which inter-
pretation must be based, are the consistency of the arrangement
and distribution of the diorite suite over the area of Glen
Dubh, the constant association of particular types of diorite
with dolerite and others with gabbro, and the systematic
mineralogical and Vvextural variations detailed in the foregoing
sections. The previous hypothesis put forward by Tyrrell(l928)
has been discarded on the grounds of new field evidence, and
the assinmilation of sedimentary wmaterial which he regarded as
being of major significance is now regarded ag a cause of minor
variation in the fine diorites.

The dbrites ave a sulte interposed between microgranite



97

and dolerite and gabbro, and are not found except in this
pogition., Microgranite does not cut gabbro in the Outer Part
of the avea except in the presence of a diorite group, and
where microgranite cuts country rocks (sediments) in the absence
of basic rocks, there are no diorites, This mesns that the
diorites are genetically related to the presence of a micro-
granite/basic rock contact, and, since the diorites associated
with gabbro are readily and congidtently dmparable from those
associated with dolerite, the formation of diorite must have
taken place at oy near the place where it is now found, This
precludes the possibllity that the diorites were intruded as

a discrete intrusion, having been formed elsewhere, or even
that they have been, on more than a small scale, mobile.

The differences between the diorites associated with the
gabbro and those associated with the microgranite are mainly
textural. In the former case;, the diorites and accompanying
hornblende microgranite are relatively coarse-grained, and +the
more basic diorvites have the texture of the gabbros., In the
latter, the diorites are fine-grained, and show, in part,
ophitic texture, In both cases there 1s a marked division
between those dliorites which are seen to form crogs-cutiting
veins in more basic rock, and those which are veined by more
acid diorite. The former grade into micro-granite, and contain
hornblende crystals showing their proper crystal form. These
are interpreted as having crystallised from a magma, at least

partlally fluid, of diloritic composition. Then the hornblendes
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have grown freely in liguid conditions. This is seen in
both hornblende and plagiloclase in Zones 2 and 3 of specimen
AA 249, p.85 . The plagioclagse of these diorites is unzoned,
or little zoned, and nol often rimmed.

The other group of diorites, those showing textures
comparable with the texbures of the adjacent gabbro or dolerite,
and which avre cutv in placgs by veins of more acid material,
show, in contrast, hornblende replacing and pseudomorphing
pyroxene , and zoned felspars with sharp rims. This means
that pyrozxene has been the primary precipitate, rather than
hommblende, and that the formation of hornblende is subsequent.
The group is also associated with proximity to the micro-
granite junction, The preeervaﬁiOn of the textﬁre of the
basic rock in contact with the diorite is interpreted as
evidence that these diorites have been formed 'in situ' by
the alteration of the dolerite of gabbro by a process
esgentially of diffusion of material over o range of up to
10 feet, from the microgranite into the earlier basic rock.
The Treedom of diffusion is attributed to the gabbros being
gtill hot, though solid, at the time.

That the microgranite was intruded as o melt is clear
from the occurrence of veins of mierogranite in cogutbry rocks
at numerous places. It is ravely chilled against the country
rocks, (see Figel7), and this is evidence that the country
rocks weyre not, in fact, necessarily cold at the time of

intrusion of the microgranite, The gabbro also showsg the
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effect noted above, that the felspars show a consistent break
in the gradation in composition and a discrete rim of more
sodic felspar. Also, pyroxenes near to granophyre patches

in the gabbro have soda-rich compositions. This is interpreted
o8 evidence that the gabbro was not completely solid at the
time of intrusion of the microgranite, and that the material
diffusing from the microgranite into the still hot gabbro - it
wag precipitating plagioclase of composition An30 at the time =
altered the crystallisation seguence by addition of more acid
material, producing discrete rims on the felspars, and introduc-
ing soda molecules into the pyroxenes, The process must have
been essentially one of diffusion, since the texture of the
gabbro is undisturbed,

The dolerite, on the other hand, which is a marginal
rhase of the gabbro, was virbtually solid at the time of
intrusion of the microgranite, and the felspars had had time
to complete their zoning down to An20; there are few sharp
rims, Also, the solid dolerite was able to fracture in a
brittle manner to allow penetration by angular net-veins, and
to form sharp, cohevent xenoliths. The range of diffusion in
the dolerite rarely exceeds % feet.

The diorites therefore, fall into two main groups. Those
of intrusive character have formed by contamination of the
original melt of microgranite with material derived from
dolerite or gabbro,have been able to assimilate limited amounts

of sedimentary material, (p. 93 ), and differ only in the type
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of material, fine or coarse, derived from the gabbro. Those
diorites which are cut by veins are formed by alteration of
dolerite or gabbro essentially in situ, andhave inherited
the textures of the wrock from which they were formed.

At the time of intrusion of the microgranite, the gabbro
was not completely solidified, although the dolerite had
completed crystellisstion. It seems likely that the develop-
ment of the extensive sulte of diorites seen in the Glen Dubh
Area ig due to the combination of several chance factors - the
intrusion of microgranite shortiy after that of gabbro and
dolerite, the position of the microgranite along the contact
between the basic rocks and the hornfelsed country rocks, and
conditions of low mbbility in the epnsuing hybrid material
preserving the original relations of the diorites.

There are a few minor points of supporting evidence for
this explanation seen in the texture and minervalogy of some
of the diorites, although the interpretation of this material
ig not wholly certain. In the fine diorites which show
intrusive behaviour, the poikilitic amphiboles enclose the
sodic margins of the plagioclases, (p. 8l ), whereas in the
fine diorites showing veins of more acid wmaterisl, the sodic
rims are interrupted by the presence of amphibole crystals.
This ies taken to mean thalt the amphibole of the intrusive
diorites completed its crystallisation after the formation
of the sodic margins of the felspars, while in the other group,

the amphibole (which is replacing pyroxene) preceded the

a
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sodic felspar., The poikilitic texture of some parts of the
intrusive fine diorite is therefore not ophitic, since the
amphibole is primary, not after pyromene.

The texture seen at the margins of zones 2 and 3 in
specimen AA 149, (Fig.20), is interpreted asbeing the consequence
of relatively free growth of plagioclase crystals from the
s0lid material of mone 4 into fluid materilsl of zone 2. This
provides a case in the coarse diorites parallel to that made
out for the fine diovites above.

The dlorite suite is thus interpreted as being formed
by the interaction of an intrusive microgranite sheet on an
eayrlier, but still warm, body of dolerite and gabbro.. The
guite of diorites is essentially of two parts - those diorite s
resulting from contamination, from slight to extrene, of
microgranite, and those formed by alteration 'in situ' of the
dolerite and gabbro. Assimilation of sedimentary material,
and peparste intrusion of diorite are of very minor imporbance.

e) Felsites and tuffs

The felsites and tuffs of the Glen Dubh Aves appear to
be closely associated, and it is convenient to discuss them
together. The first part of this account is concerned with
the main body of felsite lying West of the Glen Dubh Fault, and
the explosion-breccias of the same region. The minor intrusions
of felsite are discussed on p. 112 .

1) The Main Felsite Body.

The general distribution and outercp of this intrusion



102,

have been described above. (p. 35 ). Tt is not certain that
the inference that the form of the body is a gill is correct,
but this interpretation has been accepted in the following
discussion.

Good exposures of the felsite are rare, except in the
stream sections, and over most of the outcrop, the felsite
is reduced to a gritty yellow clay at the surface. There are
good exposures of the top of the mainfelsite body at G3/086,
G8/098, J2/067, and J7/084, and in Burn A. When fresh, the
felsite is pale blue in colour with visible crystals of clear
quartz in a pale aphanitic ground mass. The yellow colour
appears rapldly on weathering of a fresh specimen, one such
exposure in the stream bed at G4/093 turning yellow,
superficially, within a week. In thin section; the felsite
(AAL53, from HT/065, Fig.22) is seen to be much brecciated:
this 1ls the condition of the felsite all over the outerop of
the main body.

Unbrecciated felsite is to be found in the dyke near the
main body, at H2/048, (AA9L, Fig.l6b). This dyke is of pale
blue or grey felsite, with small phenocrysts of quartz visible
in hand specimen. In thin section, phenocrysts are geen to
make up about 5-10% of the vock, the proportion varying from
place t0o place. The phenocrysts are dominantly quartz, crystals
02 $0 O0o8mm. in diam., clear and free from inclusions, but

congiderably rounded and embayed. Around the quartzes, in many

cagses is a narvow fringe of very fine-grained, felsite and






Pigure 22.
Photomicrograph. x15, Crossed nicols.

Specimen AA 153. Brecciated felsite, from H7/065,
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caleite crystals in the adjoining matrix. Greatly altered
felspars form about one~fifth of the phenoerysts. The
alteration is to sericite and caleite, and the calcite from

the matrix appears to be growing in optical continuity with
caleite replacing felspar. The composition of the plagloclas e
felaspars is between Anb and Anl0O. There are a very few
exampls of phenocrysts which are pseudomorphs in chlorite

and calcite of small (less than 0,2mm.) pyroxenes, and also

a few euhedral crystals of ilmenite, (now largely leucoxene),
of about the same size,

The matrix is fine-grained, and interlocking granular in
texture. The average grain-size ig about 0.,003mm. or less.

The minerals appear to be dominantly quartz, felspar, calcilte
and sericite, with subordinate amounts of chlorite and opague
dust. In places, areas of the matrix O.lmm. in diam. show
simultaneous extinction of the intergranulsr material. Banding
is seen in the matrix, both around phenocrysts and elsewhere,
apparent meinly in the irregular distribution of the chlorite.
It is possible that some of the chlorite may be extraneous,
since the wall rocks of the dyke are of a finely comminuted
gabbroic gouge, now largely composed of this mineral,

In so0 far as the felsite of the main body contains fresh
mbroken material, it is ofthis type. Becausge of this, and
because of the atructursl proximity of the two masses of
felsite, the dyke is fegarded as a feeder dyke to the main body.

The size and number of quartz phenocrysts are variable
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both tending to increase to the North-east along the outerop,
and the degree of alteration of felspars and matrix changes with
the freshness of the specimen.

The specimen from HT/065, AAL53 (Fig.22), is probably
typical of the main body of felsite., About 60% of the rock
is made up of material similmy to that described above, in a
disturbed, though recognisable condition. The quartz and
felspar phenocrysts are much broken and sitrained, and the
felspars altered. The matrix materlal is very similar, bdbutb
now includes many fine fragmentsof guartz, and shows marked
banding. A felspar showing recognisable albite twins was of
composition about AnS,

The rest of the rock is made up of granophyric growths.
These occur both as independent pieces, showing fracturing
and straining, and also as undisturbed growths, often in
optical continuity with quartz and felspar in the groundmass.
From place to place in the rock there are zones of particularly
intenge comminution, which form a network avound the less
severely brecciated parts.

So far as can be determined, thefreater part of the main
felsite body is of such material, a brecciated mass of felsite
and subordinate granophyre in whilch crystallisation of the
granophyric part has not ceased until after the episode of
cataclasis,

2) Tuffs and breccoias agsociated with the felsite.

At the contact with the overlying dolerites, the felsite
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Photomicrograph. x15. Crossed nicols,
Specimen AC 139. Breceia from H8/100. (Vent brececia).
The photograph shows fragments of dolerite in a finely

comainuted breccia of dolerite and felsite,
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veins the adjacent rock. However, these are not normal igneous
veins, but are of breccia material similar to that found in
the main part of the felsite., This is seen in specimen ACL36
(H2/100) a dolerite of marked ophitic texture, with a sporadic
development of vradial aggregation of the felspars. This rock
is cut by one of the veinsg - light coloured in hand specimen,
and congpicuous against the dark compact dolerite(Pig.l8b).
The veln transgresses the internal siructures of the dolerite.
The material in the vein is aboul one half derived from the
wolls of the vein and the rest of material similar to the more
comminuted portion of the felsite of AALS3. The wall of the
vein is sharp, and cubts across the ophitic growths along an
almost straight line, and is lined, in places, with a fine
growth of variolitic granophyre. This isg exceptional,
Usually the breccia meterial extends to the edge of the wveiun.
At the marglin of the areas of breccia and tuff shown on
the map, the amount of veining and brecciation has increased
to such an extent that the greater part of the rock is of brecciea
the composition depending on the amount of dolerite inecorporated.
There is thus no sharp margin to the breccias; the boundaxry
drawn is between a rock such as a dolerite, with occasional
veins, and a rock wheve the veins are so numerous as to have
reduced the bulk of it to fine breccia (Fig.82). The areas of
brecela shown on the map are regarded as small vents.
At B8/100, on the crest of the hill, the brececia is well

developed in a fine-grained variety. (ACL39). Here the rock
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is visibly an aggregate in hand specimen and in thin section
the brecciation is marked. The specimen ACL39(Figd3) shows an
uneven brececia made up partly of sub-angular Ffragments 0.5 to
2.0 mm, diam, of coarse dolerite, (about half of the rock), and
the rest a fine angular micro-breccis of guartz and felspar
fragments in a matrix of chlorite, calcite and granophyric
intergrowths of quartz and felspar., The granophyre has again,
in part, crystallised after the deformation of the matrix, and
encloses patches of the matrix. The caleite appears 1o have
grown, to a large extent, as a primary mineral in the matbtrix,
forming large, intergranular, bubt optically continuous crystals.
The matrix stainsg yellow on treatment with sodium gobalti-
nitrate after etehing; this is taken to be due to the intro-
duction of potasslum minerals,

A few yavds swsy to the South, the rock is wholly cowmposed
af micro~breccia, with no larger rock fragments, while at J2/085,
o variety dervived from gabbro shows a texture, with gabbro
fragments analogous to that of ACl39., A variety rich in
magnetite grains in the fine breccis is to be found at H8/084
- (A0143) .

The rocks of the srea of breccias to the South, K8/035,
are In all respectys similar except that the condition of
complete reduction to breccia is not found. Away from this
vent, the veing die out rapidly in the surrounding rocks, and

the merging are less well defined than in the northern vent,

3) Interpretation of the relationshiv of the Felsites and

Breecelas.
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A consistent interpretation of the phenomena recorded
in the area of the felgites and breccias must take into
sccount the following observations.

1) The felsiteis Ffound in an unbrecciated condition,
only in the dyke, or probably, feeder dyke.

2) The main body of felsite is made up of the sanme
moterial as the dyke, in a stage of fine brecciation, and is
observed to pass into the wall rocksg of the felsite ag veins
of felsitebreccia.

3) Above the felsite body, veins composed of a mixture
of wall rock and felsitke material run in, and break up, the
dolerite and\gabbroo

4) Areas of breceiz and tuff, interpreted as vents of
some form,lie above the felsite sheet, and the brececia is
formed by the proliferation of veins such as those of 3.

5) The granophyric material in the vdng and in the
felgsite of the main body has crystallised in part after the
brecciation.

6) In the veinsg in the vents, calecite has formed growing
a8 an intergranular mineral in the breccilas as well as an
alteration product and potassium, un%sual in this ares in
bagic rocks has been introduced in the matrix, and detected
by staining.

7) The texture of the microbreccia in the veins is

similar to that found on Ard Bheinn by King, 1955, and 1954,
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poTy, {(the glides Ka 14d%a, 144, 139, referred to in the text,
have been examined, in the Hunterian Museum Collection). The
microbreccis is also simily to the rocks described by Reynolds,
1954, p.577, and described as 'tuffisite'. Both King and
Reynolds attribute the formation of these breccias to
"Pluidisation’,

The proposed explanation of thege phenomens is that they
are the effectsof successive phases in the intrusion and
crystallisation of a volatile-rich felsiﬁic magma, and that
the felsgite bodies and intrusions and the vents are genetlcally
related, In a recent paper, Hughes, (L958) argues that =
series of felsites, explosion brececlias, intrusive tuffs, and
granophyre in Rhum, have been intruded in that order, marking
increaging depths of formation, He concludes that the
explosion breccias and intrusive tuffs have their origin in
the escape of water wvapour from acid magna, a sufficient
pressure being reached to fracture the adjacent country wrocks,
with concomitant release of the pent goses.

In the ensuing discussion, p.108, King (1958) said;

"The impression conveyed by the idea of an explosion
breccia was of a formation resulting from individual explosive
actsy whereas tuffs classified -s intruvsive gave the lmpression
of having originated as highly mobile solid-gas suspensions
in which gasg activity was mueh longer sugtained. BEvidence for
this latter wmechanism was very clear in relation to the felsites

which invaded agglomerates and other esrlier formations in the
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Central Complex of Arran. The felsites, sppeared to have
undevgone progressive fragmentation and comminution together
with the invaded formations, bthe two giving rise to an
intermediate zone of mechanically intermixed and graded tuffs,
which often also showed elaborate interbanding of the
congtituent materials in varying proportions",.

The main body of felsite of Glen Dubh is interpreted as
having formed by crystallisation from a magma which gave rise
to the dyke of felsite olong the Glen Dubh Fault, and from
which, on cooling expelled volatiles digrupted explosively
the overlying dolerites and gabbros, particularly around two
foeci, brecclating the felsite, and carvying felsite fragments
as "intrusive tuff" to mingle with comminuted country rock
in the veing. The culmination of this brecciation was in the
reduction in places of all of the basic rock at the level
now exyposed,to a tuff of rock fragments.

This explosive disruption of the felsite and adjacent
rocks took place at a late stage in the cooling history of
the melt, but there was sufficient of the eutectiemf}m%dgief%
for the final crystallisation to take place of traceé";f
granophyre, after the fracture. OSimilarly, the concentration
of potassium in the late differentiste was introduced into
the veins and carbon dioxide in the gases reacted to form
intergrasnular caleite, either from gas phase, oy in aguaeous
fluids,

The releage o0f gas pressure would take place in the



112,
direction of least wvesistance, normally upwards, accounting
for the restriction of the tuffs to areas laying above the
felgite, and for the absence of veins adjacent 1o the dyke,
The absence of brecciation in the dyke may be due to its having
been lesg advanced in crystallisation at the time of the pressure
release above, allowing it to crystellise normally with free
loss of wolatiles. Hughes,(ibid.), regards the porphyritie
felsites as arising from crystallisation under shallow,volatile
free conditions.

4) The Minor Felsite Intrusions.

The minor felslte intrusions lie in the Outer Part of the
area, notably dykes at F1/091 and F8/062, The former is in
irregular dyke, branching Westwards, of felgite gimilar to that
of the dyke at H2/048, AA91l. The dyke at F1/091 lies between
gabbro and quartzite, eEutting the gquartzite cleanly, but showing
some reaction with the gabbro. (Specimens AAG3 50 T5.)

The fresh felsilte near the contact with quartzite is of
a type similar to AA9L, but with irregular kunots of green
chlorite heve and there, The groundmass ls very fine grained.
Thisg rock is found across the outcrop to within 6 in. of the
gabbro contvact. Here there is a rapid increase in the amount
of chlorite as lavge irregular flakes, and the rock grades
raéidly into a severely altered gabbro. Fresh gabbro is found
souwe 6in. away. Just at the point where chlorite becomes
plentiful, long prismatic and acicular hornblende crystals,
(subsequently replaced by chlorite), have grown freely in the

Telsite to lengths of up to 4 inches,
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All of the other occurrences of felsite in the Outer
Part of the Avea are very small dykes and veins in the
dolerites and diorites, and are of the unbrecciated Lresh
material, sometimes with patches and streaks of granophyre.

No connection was established between the felsites of
the Outer Area énd either the dyke along the Glen Gubh

Fault, or the main body of felsite,
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4) The lgneous histovy of the Glen Dubh area.

LN A

No extrusive lgneous rocks have been found in the Glen
Dubh area, nor are the tuffs and igneous breccliags regarded
as having been formed at the surface, The early doming of
the arca of the Central Complex, and the emission of the
Plateau Basalts, (Tyrrell, 1928, 1p.151), appear to have
preceded the first lgneous events of which there are now
exposed traces 1n Glen Dubhe

The earliest event in the history of the Glen Dubh
Complex of which there is evidence at the present surface
was the intrusion of the gebbro and dolerite masses,
metvamorphosing the countey rocks. From the field relations
of the dolerite and gebbro it appears probable that the
dolerite was partly solidified when it was transgressed,
in places, by the still mobile gabbroic part of the
indrusion. The two are taken to be parits of the same body
on bthe grounds of thelr peitrographic similarity, and since
they are seen to grade into one another in the Tield, and
in thin section. However, the dolerite is taken to be the
chilled marging, on a large scale, of the gabbro,

Before the final consolidatlon of the gabbro, a thin
persigstent sheet of microgranite was Intruded along the
contbact between the basic rocks and the hornfelsed sediments,
transgressing ocecasionally Into one or the others The

microgranite reacted with the basic rocks to produce the



complex sulte of hybrid diorites. These dloriies ave
divisible into a group assoclated with gabbro and a group
asgoelated with dolerite, and each group is sub-divided
into two parits, diorite Lfoxmed by alteration of basic rock
in situ being discriminated from diaéite formed by
conbamination of microgranite,

In the series of dlovites, no evidenece of inhomogenelby
due to the loniseibilty of liquid phases has been found, and
the marked local patchlness and variability of the diorite
igs Lo bhe attributed to the contrast in physical states of
the several rock masses involvede

The next apiaoﬁéa in the history of the Complex arve the
format ion of the (len Dubh Fault, and the intrusion of the
felsite dykes and sl1lls, and the development of the vents.

It is not clear whether or not the initlial Ffaulting
preceded feolsite intrugion. In view of the undeformed
nature of the felsite dyke in the fauvlt plane; the apparventd
erughling of the felgite elsevhere has been disvegawrded, and
attributed entirvely to auntobreecelation on lintrusion., The
favlting is then placed earlier than the felsite intrusion,
and indubltebly later than the gabbro intrusion and that of
the microgranits, both of which ave afifeclted by the faulle.
The minor faulfs of the apea are probably of the same perlod.

The velatlon of the felsgite Intrusion Lo the Formatlon

of the vents has been digeussed above. The second set of



net=veins in the Inner paprt of this area, many of which ave
partly c¢lastic like those of the vent marglas, is tentatively
allocated Lo this period also., Cerbalnly these velns cut some
of the earlier veins, at M8/06L, and are cut by granite at
W7/073, and so belong to nelither eplsode. Figs. 9a and 9b
ghow the two sets of velins, the latter set dlscrete and
cubtting across the earllier; with little associated alteratlon
of the dolerite or gabbio.

The lLater gilcrogranite veing of the Oulter Pagit of the
Area cub the diorites; but 1t has not been possible to
determine whether they belong to the same episode ag the
later veins of the Inner Avea or nots

The last intrusive episodd in the Glen Dubh Avea was
the emplacement of the Main Granite of the CGenitral Complex,
with the metamorphism of the gabbros towards the contacih,
and the intrusion of the late cross cutting apophyses of

microgranite in the Toner Ave.
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Gorrelation of the Glepn Dubh ares with the Ard Bheinn area.

I% is now possible to put forward a corvelation between
the igoneous history deduced for the Glen Dubh avea, for the
regt of the eastern part of the Central Complex of Avran, and
for tha{Ard Bhelnn reglon.

King (195541 344) postulated that the granite of Creag
Mhor and the area to the North (1955, PL.XVI) was subsequent
0 the formation of the agglomerate and breccia masses of the
Ard Bheinn avea, Uowever, subgequent re-examination has
shown (Dr. DeReBowes - personal communication) +that there is
strong evidence alt M23 to N2L on Plate XVI of King's paper
that the granite is pre~agplomeraltes The agglomerate at the
Juectlon with the granite ls crowdhd with granite fragments
of 2ll sizes (Ffrom 6 inches across down to Ffragments of a
single crystal)s The larger blocks are angular or sub-
angular, and much of the matrlx is a powder of guariz, felspar
and some miea, present nolt only ag separate fragments, but as
aggregates of small crystale - thal 1s, as Lline graniiec,

The diorites of Glen Loig Bridge (bl on PL.AVI,King 1955)
are velated to the granite of the Creag Mhor mass, and simlilar
diorites in the eagtern part of the Complex are g¢ut by the late
Central Granite, This is essentlally similar to the sequence
of events seen in Glen Dubh, where the late granite cuits and
netamorphoses the gabbros and dolerites, bul does not produce
dlorites slmilar to those assoglated with the eaviier milcero-

granlte.
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The following succession of events, and covrelation
between Glen Dubh and the Ard Bheion area is postulated:

Glen Dubb Ard Bhelng

1) Intrusion of gabbros and Gabbro Pfound as smpll relict masses

dolerltes. of uncertain relatlons.

2) Intrusion of microgrenite Creag Mhor granite= pre-
sheet while the gabbro agglomerate relations nol sean,
mogsses were s8till warm, 22) Diorites of Glen Loig Br.
and resultant formatlion Relations not seen,
of diorite hybrids,

3) Intrusion of felsites and Development of exbtensive
tulfes, and fommation of  volcanic complex of Apxd Bhelnn,
breccias. with abundeat pyroclastices, and

acid intrusives.

L) BEmplacement of Cenbral Granite to the Worth of Binnein
Granite, with mloor na h'Uaimh and North of Glen
apophyses in the Glen Loig (in part).

Dubh ares,

The isolated areas of diorite found around the margin
off the Complex are yegarded as the result of hybridism between
the early basic rocks, and the gaylier graniite, with the effect
of the later Central Granite extending llitle beyond thermal
mebanorphlsm,

The Glen Dubh area 1s to be regerded, not as a separate
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section of the Central Complex, but ag an integral part of
the Bagtern Part of the Central Complex, where, because the
vocks Lle ouitside the maln caldera,; the episodes of wolcanie
acbivity have not removed, as they have in Ard Bhelnn, the
egvldences of the early history of the Complex. The rocks of
the Glen Dubh areasre interpreted as repregsenting the sarly
stages of the igneous period which culminsted in the venis
and calderas of the Ard Bheinn area, and the flnsl indrusion

of the cross-cubbing Central Granlte.
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a) Tables.

Table 4, Modes of dolerites and gabbros.

\-

Gabbro. Felspay Pyrox— Amphi- Chlorite Biotite Opagque Quartz Other:

RimgCore enc. bole.

AL 25 9.9 6245 18,7 3.9 1.0
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Table 5. vomnpositions of felspers Tron pabbros end dolenltes.
(Leboralnationn nade on a universal stage, usin, ﬁﬁ@'maximam
exbinetion anples of elbite twins in the pone porpendiculer o
(0L0), and using the deberminabive curves of winchelld, 1951,
Ped &L}:)t
Kos Crxystal Core Ouber Blm loteg,

DA,
Doleribes.

An G0 L AnD2 o an Tedn 1o ophitle mebrixy no »im.
As LO0 L B3 5L o Gore and oubsey zoneg no rime
2 46 s e Mo gonings Ho pine
AA1IBO 1 o - . " " woow
23 E‘-"fs . s 44 (33 § e
bt 2O Bherp wimsg preded
AG LOY 4 51 e o BO 20RARg; 10 Dine
2 4G P = Gvenly graded.

Gabbhrog.
.ét‘;ﬁ&. ;:3.,,59 :ga '?e:’ Q}&E‘ e % 134

e e 20 Rip felrly sherpy croedow ingido.

‘f;
%5
A%
o

A AOH

a3
ol
R
-i;“l'
-
oSt
A
Eb
%
ot
5
EN
fi
Lowef
w
s

shawps no gradation ingide,

g
B
&

235? £ [ it ¥7 141
An L6Y L 46 26 0 21 Hiu sherpy proded inside.
o | a8y & w0 40 fimp
Ad LY5 L &y B¢ 0 wm bhory pimg greded dnsides
2 445 32 < shorp riog wnovon srodin Ansido,
:;’3 {,}l ﬁ%{,} 2“:3;{‘} % [y o 14 %
AB P50 L B 56 20 Bhayrp ring discrelio o.beY B0NC

& &Y 24 ey i # o ¥ &



5, conbtinued.

Crystal

Gabbros conbinued,

AC 102

N

=R

i

bt

Jele

Oubter Rim

parh
L4, 26
38 -

Mobes.

Sharp rimy discrete ouber zone.
No rim; ouber zone grades
into core,
No rimg no zoning.

Shavp wimg gradoed inside.
Rim falrly sharps no zoning.
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Gompositiong of felspars Lrom diorites.

Noe Crystal Core Outer Rim Noteg.

2006
AAYS 1 5% = 20 Sharp rim; no zones inglde.
}? ,(,!‘5 . 21 bX] 0 44 $2 o8
ACEY? L 25 28 20 Groded inside sharp xim.
AALY 1 “ha - 20  Sharp rimg no zones lnside.
2 ,!49 - ao i3 g 98 L1 A3
AALOZa L 45 55 20 Sharp rimg narrow outer zmone
grades lowards.
2 ,L}_l Ezf) 20 ot ¥ 139 vt
LAALOS 1 60 29 20 w W o o
prd 71 40 20 Graded inside sharp rime
ACLLG 1 39 23 20 " w v o
o 5&3 5 ol 20 4 " 3 11
ACLLY 1 50 greaded to 19 Reversal abt oubter edge.

NS

~
g
D

A6 17 BReversal at rimg Shorp rim, graded

within rim,.
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Ootlenl sropevblen of vyromenes Lron cabbrog and dolerites.
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Y¥elfracbive lodex m?$ average of bwo deberminations:

Ny = LoBY2 {ﬁ? = ke 708, From Jinchell, LY5L, u.40C
=3
Opbical sxial angles 2Vx, aversgge of btwoe debervdineblonss
@
ol o i;n}ng (averapge of 507 and 9 3"})
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2) Clinopyroxeness GIoup e
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i
Tour rockss H_ Lot
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ACLGY 52 52
ALY OY Obbuse DB W7
AALQO 49 48
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Opsie weinl angles BV, , average of five deboriinationss
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Pable 8. Anslyses la.

o et
Ananlyses as reporbed, localibtlies on next page.
Roel A B L 2 ¥ D b
ﬁiﬂp 7487 75465 YH.Ll5 474 B2J45 0 46,49 48,24
&&ﬁﬂ% Lhe24 11,87 1i.91c 1948 13,50 17.75 17.78
";L ‘ tn . € ” oy = o - 1 - Sy g
Tiﬂg Deth  Qe28 024 1e23 LJ9L L.17 Qo7
W@ﬁaﬁ Ge 34 La19 32 495 3,66 35,16
F@Q} l & ;J;ﬁ 1 ™ Qci ‘? 'S é.‘;a’. 7 PN QO (515 © l'? 5 [ 95*
iﬁ@ﬁj S P 0.1 E) Abge SPWAE 4,61 8486 ? oL
Cal 1,30 0e9L 0.69 84352  8.25 L1148 10.99

3
o8
AR

Pk ol
™

¥
Y

‘%}c'.iag ?:;' & f:#y 25 o HHL 3 . (DE,J ?? ® 26 E:‘l N, 2ol 2 q 55
E,U 5a 608 4o 26 5o Q8 3. 0% L 08 0.78 0859

0, 0449 0,40 0464 L.38  L.64
N . . e L OB 0w
H,0.  0.29 0.1 0.ly 0,20 0. L0 IR

PO 0.09 ol T 001 ©o2L  0.29 028
Hn02 0,05 026 Q.08 0.0 020 0,17 0,13
co,, 09 0,09 0.08

Fas,, Q33  Abs, 0ol

3 0,03 0.0%

0.02 Abs,  0.02 0,02

Bad 0,00 Q.05 B, ABs, 096

%20, 0. 0L

&mﬁg Abs Abg, | Abse

B Abss

Totalssl00.24 10041006 99.72 100,02 99,91 = -



LZ5e

Table 9.  Analyses 1be
Analyses recaloulated waber-freea.
Rock A B L 2 G D hi7
810, THa20 Y620 T9.90 47,90 55,55 46,97 48,95

, d1e32  L1.9L 11,96 19.80 1A3.7Y9 17,92 1LlE.15
4.0, e 0.8  Ouof  Le25 1,95 1,18 0,98
Fos0, 034 1,20 La40  3.70  5.03 5470 3.21
Bel Le23 103 075 7496 Yul6 G244 6,04

Mg 28 015 AbBe €1 0 20 o'/l 8696 PNy
&'&0 l Q:ff’l c»:)e (j;} 00@8 gq"%‘ﬁ) {50::?::.3 .L:L&C)Q libl‘i?

Non0  3e32  3.47 3466 3u32 34 2618 2459
K0 5472 4030 5,09 1,09 Lad2 0,79 0.90
i . .

Ffﬁg o 009 O.lb T G. 0L 0,21 Q.29 0.28
Hno 0.0%  Ge2e Q0% Oudl 0,20 Q.17 Q.13

Obherg  0.88 0,12 008 0,05  L.93% 0,0 00

Loecaliclene

Ae Horthern Grahite of Avrone Tyrrell L928 p.lbH, no.?

B, Central Granilbe Arran. Lhid, @Ql@%» From the ALLL nan Dxisg.
¢ Gabbro of Glon @ﬁbmg ne o Fﬁf@?ﬁg Ouber Area. Ibid. p.liid.

D Average OLivine Gabbro. Daly, 1951, p. p ROEHG,

B Average Gobbro. Daly, 1951, p. ¢ 005,

1 Greonophyre specimen Ac 217, from RO/052. Analysst J.H, Ashforé

2 Gabbro gpecinmen A 179 Lrom JU/068. Analyst J.1, Ashford.
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Table 1O. Anslyses Loe

Anelyses vecaleulabed as "norme. (UeleFewe HBysbem),

Rook A B 1 2 ¥ I\ iiX
Quarts A2U  BOY BBl e ©e -
Orbhoelase 32,9 25,6 30,0 6.7 6.7 5.0 5.6
Albite P5.7 288 30,9 2¥V.8 27.8 18,3 2L.5
Anorthite - 4o Lol 35,5 1L8.6 3l.4 3%.,9
Acmite Le9
Cﬁ@ﬁ).fﬂiﬂg Laodt 2eB Yalt  FeH BB
Dlopside Hyﬂ.mmwg Golt Leb BB 5.l 5.6
ﬁ@mgﬂiﬁd (] 0.9 3.5 Leb 242
Jollastbonite 1.0
Hypersthene Mg 8&05 ez Qolt 5.9 1.6
?@%i)§ Db 08 2ebH Deb
Qlivine MW@.&&GE 9.7 LO.8 11.8
aﬂwﬂqmlwg Goe e BT
Hagnetite 0ed Lo BB Fe2 5,5 €
Haematite Q3
Iimenite 085 Ou? Oeb 2ah 50 2e Lell
Pyrite U3 el Db Qo4 Oets
Apabtite Oals
Geleite Lol 260
sater 0.8 Co8 Gu8 1.7 8,0 1.0

Totals L0040 160.5 99.7 99,

LN

99.6 L0U.7 L00.8
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Table Ll Anglyses 2o.

Anol,ses of mabeiwel from specimon A M4Ub. (Sec Fig. 20).
Bogl: XL e 3 4, & -

BLO, ?? 5 Pl 0.5 BhGH ﬁ&.% 51, o

AL L&,() 3 3abo Ged  L0.0  1E,0 186 150

':t‘}:’i,ti},» ﬁa::;f() U3  Cu?d  LUH .i,wﬁ 095

Re. 0 Let7 0,29 076 046 QW29 OQe2f
ﬂﬁo 083 LB 3449 .l .00 Yal3
M0 0.00 0,11 08,60 2,20 4.5 5,90
Cal 24 40 5.02 6,10 LO3BL 10,50 b, &':%0

Ha0 Goldt D18 4433 3,46 5.5 5435

K0 Lol AodA 2,59 0,98 0.98 waxj

1.0, Ve Gu9  L,03 2016 2,11 2.82

L0, 0.35 0,36 039  0.39 0436 0.27

0. Tre Q.02 0.8  0.18 0.l U.l3
2vs

P

ESJ‘

Wnd 0. 0L G, 0L 0,04 Q.09 0,08 0,09

(JE?;:,G % 000 G, 00 Q.00 O, 0L 0,01 0,02

Totals, 100.1 L00.1L 1005 "100.1 996 Y 9969

Analyat - J.li.Ashford,

Mothod ased alber shaplro and Lronmeock, 1952 and 1956,
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L2

Toble 135. Analyses 2C.

ma‘mwimmmuw
Analyees recaleulated as

Rock AA L4GLL

wuarts 410
Urblhoclage 236
Albite 15,9

Anoyrthite

Acmite u

gjﬁ@ﬂgi{}wg OQ%}‘

Liopside u{U.Sﬁﬁq -
Fal, .ul(.),-) Lol
&
Jcllastonite D5

Mes0a & 1ﬁﬂ
J”LJJ“ (EIGE N F;bh@ilé} 1; C‘Uo (*-13«} {)
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OLlivine

28 OU.%&BM
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by i
5He2 264
2ol 1549
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Re?
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Figure 25,
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1400 FT. ]

GLEN DUBH, ARRAN—SECTIONS.

SCALE OF FEET.
© . 1200

1200FT 4

-+ Top of Felsite.

.ﬁ_ooo FT. 7

.Foult, _ _ﬂoc_:.
!
|
|

G

1200FT 4

AT Ry

- |

_mn:.r
1000 3*

| BOOFT

A

RV 7G
=" 2'Transition from dolerite
Dv te gabbro,

)

e
.\\A.«a_._u_:.uz from dolerite
to gabbro.

)
1400FT. |

1 - 400FT.

1200FT. 4

THE HORIZONTAL AND VERTICAL SCALES ARE THE SAME. FOR KEY TO SYMBOLS, SEE_MAP
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