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SECTION 1

- INTRODUCTION



Introduction

’l.l Location: The Island of Islay is situated on the
south coast of Scotland, and forms part of the County
of Argyllshire. ‘It occupies an area of about three
hundred and eighty four square K.M. and is of great
scenic beau£y.

l.2 Geographology: On a geographical basis Islay is

divided into two distinct areas which are separated by

Loch Indaal and Loch Gruinart. +The western area known,
as the Rhinns of Islay, extends as a peninsula from
Ardmore point in the north to Rhinns point in the south.
The land rises gradually inland the highest poinf being
Beiﬁn Tart a' Mhill, at 735 feet above sea level.
The‘second area of the island extends from Rhuvaal
point in a south-south easterly direction, to the Mull
of Oa and is bounded on the east by the Sound of Islay
and on the south by the Atlantic Ocean. The maximumn,
elevation, of 1500 feet above sea level, is found in
two places Beinn Bheigeir along the Sound of Islay and
Beinh Bhann aboﬁt 2.5 miles to the west qf Beinn
Bheigeir. The elevation decreases gradually in the
southern regioﬁ along a line going from the Sound of
Islay to Port Etlen (50 feet) passing through Beinn
Bheigeir (1500 feet) and Beinn Uraraidh (1490 feet)
At rises again in the 0a at Beinn Mhoor (600 feet). -
The above-mentioned area forms the water shed
of the southern part of Islay. The many streams
running down the slopes feed the rivers to the west and

south-west. These rivers, and their tributaries, are



of great importance in the geological study for they cut
through the rock, exposing good cross sections particu-
larly in the south and south-west of the island. The
longest of these rivers are: The Laggan and its tributary,
the Kilennan, the Duch, the Torra and the Machrie; the
latter flows out from Loch Uigeadail and Loch Leathonn

on Sgorra.

1.3 Terrain: The terrain in the northern part of Islay
consists usually.of alluvial land, where as in the south-
west peaty area, together with smaller pockets‘of
agricultural land are found. To the west, the slopes of
Beinn Bhann area, boggy and have been recently drained
b:r the Forestry Commission ahd planted with trees, in
Kildalton the forest covers the southern-most part of

the Island.

1.4 Geology of Islay:

General setting: The island of Islay may be divided

into two po?tiops; the Rhinns (western area) and the
eastern area. The western érea comprises the whole of
" the bortion of'ghe island kpown as the Rhinns of iéiay:
together with the belt west of Loch Skerrols thrust
‘lying round the head of Loch Indaal. It is. separated
geologically from the eastern area by the Skerrols
Thrust, which follows a sinuous southwards course from
Banan Uillt, on the east shore of Loch Gruinart, it
crosses Loch Skerrol’s, and then passes to the east of
Bridgend by Tallent farm, which it is.folded and faulted
by a normal fault. Beyond this point its course is
concealed under superficial deposits, but probably

-continuous to the shore of Laggan Bay (fig 1 ).
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ol Islay tectonically overlies Moinian Quartzite

" “the sea,

‘the western area is entirely occupied by rocks of
pre-cambrian age, the Lewsian Gneises occupy the western
portion of the Rhinns, which lies south of Kilchearen bay
and Bruichladdich., The rocks consist of acid and basic
gneises‘of probabiy igneousloriginm The Torridonian
Conglomerate, slate and grits from the northern and
largest portion of the western part.

The whole of the eastern section of Islay is
composed of metamorphosed Valradian rocks. These consist
essentially, of pre-cambrian metasediments, naﬁely
quartzike, limestone, slates and phyllite and showing
varying degrees of metamorphism, The Dalradian rocks
(Bowmore fandstone) (fig 1 ).

Previous Work

As far back as 1790 Mr. Abraham Mills recognized

¥
i

the intrusive character and basaltic nature of the

. Polerite dykes of Islay. He also refers to the high level

beaches, and considers them to indicate a recession of

\

+
kT

MacCullach (1809), as a result of an examination of

the westera islands, refers to the conglomerate of Portaskai

On tossit Hill as a primary conglomerate, correlating it
with the Garvellach Isle Conglomerate and on the

Schichallion Conglomerate. He also pointed out that, in-

‘addition it contains pebbles of granite, foreign to the

island, and it also contains fragments of the limestone
upon which it lies. MacCulloch correlated the dark

limestone of Islay and Lismore.



J. Niceoll (1844) confirned the/obserfation of
lMacCullach as to the content and positionlof the
conglomerates of Portaskalg{(noulder-Beds) and Lossit
Hill.

Mdkhison and Geikie (1861) make the i‘ollowing
references to the geology of Islay.

. The grits and schists (Torridonian) ofAthe north
west part of the island are regarded as ecquivalents of
the lower quart71te rock (Cambrian) of Southern land.
The Islay limestones refer to the horizon of the Aseynt
Limestone, and the ovcrlflng quartzite to that of the
"upper quartzite" of west southern land They further
pointed out that the Islay limestone extends north-east
through the Garvellach Isles to Lismore and Shuna,- and
that the overlying quartzite and "upper sediments, as a
series", after traversing Jura and Scarba, reappear to
tne north of Oban.

Thomson (1875) has sug gested that the Mull of Oa,
Port Pllen and Kildalton rocks belong to the Silurian
period the Islay quart71te to the Upper Cambrlan, and:
the rocks of north and north-west Islay to the Lower
Lambrlan. He also noted the occurence of a brecéia .
conglomerate on either side of the central nelt of tne
quartzite, bnt regarded thet on the east as the base o;
an overlying schists series. He further recognized the -
granite fragments of the Portaskaig Conglomerate (Boulder
Beds) as foreign to the island and attributes their presence
to glacial transport,

At the beginning of this century the officers of the

Geolovlcal Survey of Scotland covered Ielay on sheet 27



(Rhinns and north Islay) Sheet 19 (Bowmore, Kildalton

and the Oa) and Sheet 20 (The south-east part of Kildalton).
The report can be found in<£he Geological Sufvey Memoirs '
by Wilkinson (1907): The area was mapped by Wilkinson
and¥}each, but no consistent structural pattern emerged.
They succeeded in establishing for the first time a
stratigraphical sequence in Islay. Their'interpretation

is as follows:-

They regard the Dolomitic Group as the latest member
of the successioﬁ. The Moal an Fhithich Quartzite is
cbnsidered to be a downfaulted portion of the main quart-
zite (Islay Quartzite). The phyllite and the limestone
of Central Islay correlated with rort Ellen Phyllite, and
Jura Slates are explained as an upfold of the Port Ellen
Phyllite. The Portaékaig Boulder Bed is the equivalent
of the Scarba fonglome;ate Group. Also they interbenc
the structures as a syncline with the islay Quartzite in
its core.

In (191%) Bailey introduced his theory of "the
:Islay Anticline" and tﬁe‘stratigraphical section was
established (table l); The anticline pitéhing north-east
ward, with a core of Moal an Fhithich Quartzite (fig 3b)
and Mull of Oa Phyllite, flanked by successively higher
members of the sequence, upto the main quartzite (Islay
Quartzite) to the north and up to the stillnhigher Ardmore
and Laphroaig Quartzite in the south. -

Green (1924) contradicted Bailey's theory and suggested
a synclinal structure with a complicated isoclinal folding
(fig 3c). He correlated the Portaskaig Conglomerate with

-the Bowmore Sandstone (Torridonian). He converted Bailey's
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sequence and introduced a large unconformity below the
Portaskaig Conglomerate in its new position, His views
were based partly on the fact that the Portaskaig
Conglomerate contains numerous fragments of dolomite but
none are of the Islay Limestone type, énd partly on the
significancé of hordmarkite pebbles in several members
of the sequence,

Gregory (1928) accepted most of Pailey's interpre-
tation of the structure and sequence of that part of Islay
which lies between the Loch Skerrols thrust and the Beinn
Bhann Fault. Ie rejected the Moal an Fhithicﬁ Quartzite
as an independent formation, but regarded it as a down-
fauited outline of the lower Quartzite, and in this
followed (Wilkinson et al.). He refers to the succession
east of the Beinn Bhann Fault (thruét) as the main
quartzite (Isléy Quartzite), This is distinect from the
main quartzite of north Islay, in that it is older than
the Mull of Oa Phyllite and it is followed east ward by
an inverfed out&rop of still oldef formatiogs; Jura 61ate;
Port Ellen Phyllite etc. (fig 3d).

\

Elles and Tilley (1930) accepted the ‘succession of
Bailey and agreed with him that the structure of Islay
is anticlinal. They, however, separated’ the Moal an
Fhithich Quartzite from the Hull of Oa Phyllite by the
alleged continuation of the Loch Skerrols Thrust.‘

Peach and Horne (1930) also accepted thé greater
part of Bailey's theory of the structure of the islands.
Peach still held, however, that the Jura Slates were an
upfold of the rort Ellen Phyllite, and that the ¢Scarba

Conglomeratic ¢roup in downfold of the Laphroaig

Quartzite.
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Green 1924
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Séctions across Isléy by the above authors
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Moal an Fhithich Qtz, . ¢
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The Moal an Fhithich Quartzite he considers, is a down-

faulted portion of thelmain'quaftzité (Isiay Quartzite).
The work of Bailey has been summarized by Allison

in (1933), using the suggestion by Béiley and Green (1924)

that graded bedding and false bédding'indicated'way-uﬂ

criteria, Allison has used the way-up evidence and

‘demonstratpd to Green and Gregory that the Islay Quart21fe

is yoﬁnger than the PYortaskaig Boulder Beds, and'Islay
qﬁarfzite is younger up into Jura Slate and Scarba
Conglomerate (fig 2 )
THD AIM OF THE RPSEAR"H

Previous wofk on Islay by the‘above wdrkefs resulted
in widely différing c&ﬁélusions. Tﬁé}e isiéompl;te
disagreement in'étrééigraphic succeééion énd(structural
setting of islay.vlFﬁfther more the lack of detailed maps
and sections render all‘intérpretatibhs hypothetical,

Nowhere is laék ofrstratigraphic and structural

detail more marked than in the area labelled "Mull of

H

Va rhylllte" whlch covers a 1arge tract of ground occupying ..

the central part of ISlay and the Oa. This lack of
deta11 mapping results in a conflicting stratlgraphlcal
correlatlon dcross the Dalradlan‘succe351on on the‘
Scottish MainlLand and in Treland. This subject will be
dealt with later, in Sécfi&h 2'of fhiswfhééié;,

The writef's‘task; therefore, was to reach firm
conclusions rega;ding the strétigrabﬁic succeséibn on Islay,
and try to resolve the conflicting ideas reached by the

pPrevious workers, necessitated the mapping of the southern

part of lslay (Sheets 19 and 20 of the Geological Survey)

—where these idea§ can bé_501ved. ”Thé dféa is ideal for the

work as it contains the core of the anticlines.

The aim of mapping was to:-

AN



(a) ;rrange the order of stratigraphy;

(b) elucidate a structural history;

(c) reinterpret the geology of Islay; and

(d) draw regional conclusions

The aims4ne;essitated the restriction of geologica;
observatioﬁs to stratigraphiclagd structural. phenomena
and the visiting of o;her 1o§alities outsidé the mapping
area. ‘ i

The“Fiéld Mapping

Three local terms have been introduced for the
area mapped (Geological Survey Sheets 19 and '20).
i Central Islay to the ground between

south of Bridgend, Bowmore and North

of Beinn Bhann.
ii ‘The Oa which is the ground south

most part of Islay
iid Keldalton the ground south of Beinn

Bhann and stretches from Port Ellen

in the south to the Moal ard-talla

in the south-east.’

v A

Work in the field occupied about.éIQQen months dufiﬁg the
years (1969;‘i970, 1971), during which time éﬁéht 100
Square miles of ground was map;ed. Tl:e mappiﬁg ﬁas on

a scale of (6" to one mile).. The maps are nineteenth
century second éditionpaﬁ&ffheir accuracy tends to
diminish with increasing elevation. Aeridl ﬁhotography
(1964 edition) was used in the Kildalton area, where

$ills of epidiorttes cut the country rocks throughout

the area, and the information transferred to the base map,
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Method of Investigation

The purpose of this work is to establish the
Dalradian succession in Islay and its structure, by
means of primary structures. That is by determination
of younging by means of current and gradding etc., and
from cleavage-bedding relationship of Shackleton (1957).
He has found that if, when considering limb of a fold,
the schistosity-stratification relationship accords with
the sequence shown by sedimentary structures, the fold
faces upwards (fig bka). If the sedimentary structures
and the schistosity-stratifiéation relationships are non-
accordant, then the folded structure faces downwards
(fig hb). These two methods were applied together on
perfect field evidence to decide, from tﬁe cleavage=
bedding relation (plate 56 ) on which side of.the stucture
a certain outcrop is situated; similariy top and bottom
of a limb can be determined. from the‘sedimcntary.

structures. o o ot
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STRATIGRAPHY

2.1 Introduction:

The Dalradian succession in Islay is part of the né?th-
east, south-west trending Caledonian fold-belt, and most
of its stratigraphic groups and many of its large struct-
ures can be easily recognized in the Highlands'of Scofland,
Ireland and Islay.

Two large-scale folds have been identified in Islay
( map 1 ), as well as the major slides of Central Islay,
‘the Mull of Oa and the two thrust of Beinn Bhann and
Loch Skerrol’s. The detailed description of these struct-
ures is the topic of Section (5).

| The succession adopted here consisting Lower and

Middle Dalradian’(Rgst 1963). The Lower Dalradian was
identified in the central part of Islay and the 0Oa only;
it can be correlated to the Ballachulish succession.
Middle Dalradian outecrops in'Kildalton, the South-east of
the Oa and the north-west of Central Islay; this division
can be correlatéd fﬁhislay succession. ‘The Upper Dairadién
is absent in the above-mentiongd localities.

\

2.2 Dpetermination of Sequence and Stratigraphic.Order:

The recognition of the original 1lithology of these
metasediments allows the stratigraphic order to be deduced
in the nérmal way up from sedimentary étructures sucﬁ as
cross-bedding, graded bedding, load and slump structures
‘etc. Transitional‘paSSages from one formation to anothen
can usually be démonstrated, and from the persistence of
associations of beds along their strike for long distances
it is evident‘that one is dealing with a continuous
sequence. Upward transitions can usually be established

even though there is a considerable degree of tectonic

thi 34
inning and even sliding between members of markedly
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differing competencies. TFor examples there is a tectonic
break the Loch Skerrols thrust in the north-west which
cuts out the part of the Middle Dalradian in north Islay
and the whole Middle Dalradian, and part of the Lower
Dalradian in the north-west of Southérn Islay; similarly '’
the Central Islay Slide which separates the Iélay Antcline
and the Mull of Oa Anticline, cuts out part of the south-
east limb of the Islay Anticline. The Mull of QOa Slide
cuts part of the middle Lowef,Dalradian in the ba. The
Beinn Bhann Thrust cuts the whole Dolomitic succession

of northern Islay except for the outcrop just north of
Beinn Bhann, and is responsible for a d;amatic thinning
of fhe Boulder Beds and the top of the Lower Dalradian

to the south-west. Other stratigraphic units have been
thickened by complex folding. As it is therefore impossible

to predict the real thickness of stratigraphic units,

only apparent thicknesses are referred to in this work.

2.3 LlLower Dalradian. .

‘ This w111 be descrlbed in the areas of Central Islay
'ana the Oa. Twelve units of the Lower D?lradian ‘were
recognised. These form the following succession, which
was corroborated.on the whole by Rast and Litherland (1970).

Top Port nan Gallan iimestone N
Port nan Gallan Phyllite |
Ballygrant Limestone -
Baharradail Phyllite
Cnoc von group (a) Phyllite
(b) Quartzite
(c) Limestone

Cnoc Don Quartzite

Cnoc von Transition



Plate 1., Typical white crystalline quartzite of
Moal an Fhithich. wuvccupying the north
west cliffs of the Oa,

‘Plate 2. Note the vertical dip of the Quartzite, also

the flagginess of the quartzite at the right
corner of the photograph i.e. toward the east.
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Cnoc Don Slate
Kintra Liﬁestone
Kintra Phyllite
Bottom Moal an Fhithich Quartzite:

2.4 Description of the Lower Dalradian:

A - The Lower Dalradian in the Oa
The Lower Dalradian in the Oa is tectonically dist-
urbed and some of its above-mentioned units are missing.
The succession is as follows:-
Top Port nan Gallan Limestone
Port nan Gallan Phyllite
Ballygrant Limestone
Baharradail Phyllite
Cnoc Don Limestone
Cnoc Don Quartzite
Cnoc. Don Slate
Kintra tLimestone
Kintra Phyllite
Boftom Moai an Fhithich Quartzite
' Immediately following is a descript}on of each unit
forming the above succession:-.
1. Moal an Fhithich Quartzite (fig 6 )

The Moal and Fhithich Quartzite is the oldest rock

of the aréa; however older rocks have'been recognized
in the Ballachulish succession; .Bailey (191%), has -
recognised the quartzite as the oldest unit, occupying
the core of the Islay Anticline; the axis of the later

passes through the quartzite. Allison (1933) came to the

same conclusion,



Plate 3.

Plate 4.

Plate 5,

Plate 6,

Typical laminated siltstone of the Kintra Phyllite.
The lamellae show. grading to the north. Note also

the vertical dip of the rocks. The rocks here show
younging. toward. the north.

‘o

Note the shear zone at the bottom of the
plate. This plate was taken. from the
Kintra prhyllite, south of lLaggan Bay.

.Note the dolomitic lamellae; the hammer head -

points in their direction. The shear zone
occurs below the hammer shaft, ' To the top
left corner, the dolomitic lamellae have
been thinned; the black lime marks a zone
of shear or displacement,

Kintra pthyllite at the Mull of Oa. The phyllite
here occupies the cliffs of the Mull of Oa, just
below the Monument. Note the shallow dip of
83 cleavage toward the north-west. Note the

quartz veins having the same strike and dip
as S3.
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The Moal an Fhithich uartzite stretches about three

miles along the west and north-west of the O0a, and has

excellent exposures in the cliffs. The rock is white and
crystalline in the north, changing to flaggy in the south.
The quartzite contains small pebbles of pink granife,
quartzite and feldspar. Some of the quarfﬁite iﬁciudes
films of green to dark slate, and on the cliffs of Alt

an Duine (fig 6 ) (plate 1 ) facing the sea, the quartzite
is conspicuously flaggy with layers of phyllite 1 foot
thick, and pebbles of slates. Rast and Litherland (1970)
described current bedding in this quartzite which indicates
younging to the south—eést. The writer observed graded
bedding, particularly in micéoconglomerates (fig 6 ),

as well aé other wéy up structures; the latter show younging
to the south-~east. The quértzite'has in general.a steep
dip to'the south~east, and becomes almost vertical in the
south (plate 2 ). In the north the quartzite in the south-
west cliffs of Laggan Bay is gllghtly shattered; fhe .

plane of shatterlng near the junction with the overlylng

B

" Tocks does’ not disturb the stratigraphic succession: .In_."-‘
‘ .

the south, the quartzite becomes more flaggy and sheared,

and its Jjunction with overlying rocks is a tectonic ohne

(for detail see chapter 5 ).

2. Kintra Phyllite (fig 7)

From field evidence the Kintra Phyllite straﬁigré—_
phically overlies the Moal an Fhithich Quartzite and under-
lies the Kintra Limestone. This phyllite has been described
as well as the rest of the Lower Dalradian by Bailey (191¢),
Allison (1933), as one group named the Moal of Oa Phyllite.

This name has no place in this thesis, and what was called



Moal of Oa Phyllite has been broken down to several units,
the stratigraphic position of which is determined from
field evidence base on way up structures.

The Kintra frhyllite in the Oa outcrops in three
localities (fig 7 ). In locality three the phyllite
forms the core of the 0Oa Anticline, in locality two it
forms the core of the Mﬁll of Oa Anticline, and in
locality one it forms part of the south-east limb of
the Islay Antiqline. For a detailed description of
structure refer to chapter s .

The following four units can be identified in the
Kintra Phyllite,

Top Silver slates' b .

Laminated Phyllite &
Dark, gray Phyllite b
Bottom Transition =zone a

The Transition zone

This ié seen only in locality one. The phyllite is
éémi'ﬁéiii£ic.w1fh small 1amina'of“§sammite, l:} 2”MM. '
thick, :fhefjdﬁétion between the transition zone: and
the underlying Moal an Fhithich Quartzite is strabti-

" graphic; here the phyllite and the quartzite are
interbedded for .about seven meters. At the -top the
phyllite becomes more laminated, (the lamina reaching
up to 3 cm in thickness), and slightly dolomitic. The
phyllite of this zone passes directly upwards into the
Kintra Limestone. ' No graded bedding was found in it.-

The dark, gray phyllite

This sub unit occupies the core of the Va anticline

the phyllite is characterized, on its dull lineated
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cleavageAsurface, by a grey to greenish hue producéd
by chlorite in the rock matrix. Original bedding
which is commonly seen, is exhibited well in the
washed exposures of Moal Chw&sdail (a mile and a half
west of lower Cragabus). Here light and dark =zones
of sandy limestone and green graphitic phyllite can
easily be picked out (plate 3 ).

The typical close lamination, is metamorphic in
origin and is produced by the effects of a composite
cleavage. Small ellipsoidal bodies (Most probably
grains) were discovered at the bottom of the light
coloured bands, Ca 2 : 5 mm écross.

The Laminated Phyllite

This outcrops at locality 3 flanking the limbs of
the Oa anticline, and in locality 2 occupying the Mull
of Oa Anticline. The phyllite is partly composed of
pale creamy-coloured, sandy to dolomitic.bands, and
partly of pale siltstone grading into dark mudstone;
the thickness of each veéve.varies from 2 : 10 cm.
Exposures are excellent on the shore of Laggan Bay
20 meters west of Kintra :arm,.dlong tﬂe cliffs weét‘
of Xilleyan and on the cliffs of the Mull of Oa; the
lithology in these localities charac*istically
associatéd, with 7 : 40 cm fine grained saccaroidal
quartzite and buff to creamy, weathered sandy limestoge.
Along the south shore of Laggan Bay, is a well .
exposed stretch of the phyllite. “The suggested laminates
are well graded and show younging to the north and north-

east, The phyllite forms large tracts of folded rocks.

The Jjunction between the phyllite and the limestone
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(Kintra Limestone) at Port Alseig is tectonic, where
the central Islay slide separates the two units.
Besides these are small scale slides(plate 4 )
developed 50 meters west of Kintra Ffarm.

To the south-cast the phyllite is folded in a major
scale and appears as several distinct horizons especially
well shown at the cliffs west of lower Killeyan. The
laminaes are well graded and small current bedding has
been recorded at the top most part of the phyllite
(fig 7a). These structures show younging to the south-
east. <The phyllite passes upwards into the Kintra Lime-
stone to the south-east, a zone of about 30 meters of
interbedded phyllite and flaggy. limestone.

The area has been affected by large scale F3 folds
with refolded F, folds (plate 5 ). These large.scéle
folds have considerably affected the litholoéy of the
phyllite. In the lower limb of the fold, the rock
is more flaggy and slightly ﬁigher in metamorphism than
in the top limb of the fold (plate 57). This is in
général well oﬁservéd wherever large sc§1e folds occur.

After establishing the position of the varved
phyllite at the Kintra fparm and at lower Killeyan, a
similar zone was found at locality number two, the
Mull of Oa. "The Mull of Oa Phyllite" was given to the
rocks which occupy the central Islay by Bailey and -
Allison . o1, The.phyllite outcropping here occupies
the core of a large anticline, the axis of which trends
in a north east direction, passing in the vicinity of

the war memorial which is the main land mark in the area.



Plate 7. XKXintra limestone at the cliffs of the Mull of
O0a, Here the limestone outcrops on the cliffs
for about half a mile, Note the thickness of
each bed, ’

Plate. 8, Kintra limestone from the southern cliffs of
the Laggan Bay.

-~
~ e

J . .
Plate 9. Typical tnoc von Limestone. The Limestone is

gray with light-coloured stripes. (Tiger rock).
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‘the phyllite is very well graded and show easily

.recognizable, small scale current bedding; the cleavage

bedding relationship is well observed and will be

.discussed in chapter 5§ . All -these structures prove

that the rock outcropping 50 meters to the north-west

of the Memorial younging to the north-west, whereas

-the varved phyllite east of the memorial younging to

‘the south-east., On both sides of the memorial, the

phyllite passes upwards into the Kintra Limestone.

A traverse section from Alt no h-Uraich (140 meters

g

north-west of the memorial)} to Port nan Gallan (fig 8 )
.shows that the phyllite is in its correct stratigraphic

.position.

The Silver Green Phvllite

The phyllite forms the ﬁpper most sub-unit of the

‘Kintra Phayllite. Its name is derived from the luster of

the cleavage surfaces produced by the growth of white

.mica. This sub unit is not well represented in the Oa.

‘At Cnoc Ard 250 meters west of ipwer Cragabus, the

phyllite possesses excellent parting, and is intercalated
i v V . . \ . . )
with thin 2 : 9 mm laminae of sandy limestone; the latter

are in some places gray. The phyllite exhibits impressive

facies changes from phyllite to limestoned

‘3.  Kintra Limestone (fig 9 )

The Kintra Limestone is the first major calcareous
horizon in the Islay succession,
. In the southern cliffs of Laggan Bay, about 400
meters west of Kintra farm, a stretch of about half a

mile of limestone has been discovered. The limestone in

" this locality was first seen and recognizecd by Rast (1968)
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(personal communication) and later by the writer in the
summer of 1969. The limestone is pale, schistose, and
dolomitic in its lower portioﬁ, becoming thick, dark
gray and graphitic at its tép. The lower 10 meters

of the limestone is flaggy and schisfose becoming
increaéingly interbedded with massive 10 : 40 cm beds

of dolomitic limestone that are buff to yellowish on
+their weathering surface. Away from this margin, the
limestone becomes dark, remaining impure and sometimes
interbedded with sandy, weathered layers of black graphitic
schist. Thin siliceous ribs are good beddiné indicators
-and form a tightly folded sequence. The uppermost part
;0f the limestone has been partly cut-out and partly
transformed into graphitic flaggy layers by the Central
;Islay slide. An apparent stfatigraphic thickness of
.the limestone has been established (fig 9 ).

}ir.. The same limestone is folded on a major scale and
appears in several distinct (fig 8 ) horizons especially.
';ngl,shown at the south-wesi.cliffs of the:Ua stretéhing‘
forlabout‘; mile and a half from Lower Killeyan to alt
.na h-Uraich (140 meters north-west of tﬁe memorial).
Here the complete section of Kintra Limestone is.
Tepresented from top to bottom and a stratigraphic
section has been described (fig 9¢.) (plate 7 ).

This limestone has .been described by the Geological
Survey (1907), Bailey (191%), Green (1924), Gregory (1928},
allison (1933) and generally accepted as an outlier of
Triassic age. This idea has no proof and the writer has

proved without doubt thét thls limestonc belongs to the

same horizon which outcrops on the south-west coast of
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Laggan Bay (Xintra Limestone). The limestone in this
area is part of the south eastern limb of a large scale
fold which repeats the appearance of this limestone,
Besides the well-observed primary structures, current

and graded bedding, support this fact. Lithologically
the limestone resembles-the limestone in Laggan Bay and
in other localities. L The base of the limestone is well
exposed at the ciiffs west of Lower Killeyan where the
contact with the underlying rock, the Kintra Phyllite,

1s transitional and the changes in facies is very clear,
Away from the base, towards the top, the limestone is
never. frece from dark graphitic slate which is interbedded
with it, in some places the.&imestone is replaced by’
graphitic schist., At the top the limestone is dark gray,
and small irregular concretation - like ellzpsoids: of a
dolomitic nature (fig 9c) are discovered in it. The

limestone has been refolded on a large scale which results

in the repetition of the limestone, and explains its large

apparent thickness in this locality.

' " The limestone in the above-described locality is-
\ -

regarded by the writer as belonging to the Kintra lime-

stone (Lower Dalradian) for the following reasons:-
>+ l. The facies change is a transitional one

Lo 2. There is no sign of unconfirmity between

the underlying Kintra Phyllite and the co-
- Overlying rocks.
3. The strike of the limestone and the

phyllite are almost the’ same.



20

4, The transitional passages from the Kintra
Phyllite to the Limestone can easily be’
demonstrated in the field, and persistence
of the limestone beds along their strike
for long distances (15 miles) convinces
me that I am dealing with a reasonably
continuous sequence. '

5. TFurthermore, graded and current beddiné
has proved that the Kintra Phyllite
youngs towards the limestone, and tﬁe
limestone youngs to the south-east.

6. The lithological resemblance with the
limestone outcropping at the south-west
of Laggan Bay, with respect to the
metamorphism.

7. Structurally, the limestone is a continuous
south eastern limb of the Oa Anticline
stretching for about 15 miles.,

For tﬁe abo?e-ﬁentionéd reasons the writer has 56

doub? in including this limestone with the Kintra Lime-
. \ -

stone,

At 150 meters east of the Memorial (fig 9 ) the lime-
stone outcrops again in the eastern limo of the Mull of
Oa.Anticline, The limestone is dark gray, graphitic, with
good graded bedding, which shows younging to the south- .
east (fig 9 Je

A calcite dyke cuts through the limestone and the
phyllite.. The contact with overlying rocks in the southern
cliffs of the Mull of Oa, is transitional and the limestone

bPasses to black graphitic slate. About 1 mile inland, this
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slate is non-existant and the Kintra Limestone is over-
lain by Haharradail Phyllite and dark greenish-blue

limestone (Ballygrant Limestone). The contact here is
tectonic due to the effect df the Mull of Oa &lide, which
is responsible for the disappearance of part of the
Lower Dalradian and thinning of the rest in the Oaj

details of this is the subject dealt.. with in chapter 5 .

4, The Cnoc Don Slate

' Typically the slate is black or dark gray, sometimes
pyritous and graphiticy with a dull cleavage_surface;
bedding is occasionally seen as thin silty laminae but
nowvhere as well developed as in the quarry-type locality
at éentral Islay. Massive pods of black and yellowish -
weathered limestone, are common in the slate at Central
Islay and Oa. At the Oa exposures occur only east of the
Memoriél; at Bruthach Mor, 120 meters west of Port Nan
Gallan, the slate contains graded laminae of siltstone.
Nowhere else in the Oa does the slate outhop. The
Junction bgtwéen the slate and phe overlying succession
iﬁ'fhis localit& is tectonic; the Mull o? Oa <slide cuts
through it; developing a graphitic shear zone.

5. Cnoc Don yuartzite (fig 9 )

AN )
The quartzite is completely cut out in the 0Oa by the

Mull of Oa Slide. A

However a small outcrop of quartzite in the Oa is -
regarded by the writer as belonging to the Cnoc Don
Quartzite. The outcrop measures 3 meters by 15 meters

and no particular way up structures have been found in it.

This quartzite is white, spotted with white feldspam, and

its stratigraphic position lies between two limestones:
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Plate 1o.f

. Plate 11.

Note the unconformity marked by the hammer and
black line, between the blue and red dolomitic
limestone (Ballygrant and Port nan Gallan

*_ bLimestone respectively).

s
L]

Graphitic conglomerate marking the zone of the
unconformity, at the base of the Port nan Gallan
Limestone. ‘This zone outcrops inland south- _
west of Loch Kinnabus.
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underlying (Kintra Limestone) which is flaggy and shows
way up structures younging toward the quartzite, and
overlying dark blue limestone (Ballygrant Limestone).

6. c¢noc Don Group (Limestone) (fig 9)

In the Oa, the Cnoc Don group are not well exposed,
partly due to the effect of the Mull of Oa slide. Part
of the Cnoc Don Limestone is exposed in the cliffs of
Bruthoch Mor 130 meters west of Port Nan Gallan (plate 9 ).
It is an impure limestone with numerous scales of
calcite scattered in its surface, as well as some
spheroidal shaped concre;tionsr kv in diameter. The
rock is cut by a calcit;’dyke 7 feet thick; the dyke is
pufe calcite with reddish weathering surface.

L™

7. spaharrdail Phyllite (fig 10)
s -

This is exposed in Alt na CUloiche Fionna 100 meters
to the west.of Port Nan Gallan and stretches inland for
about one mile. It is mainly a graphitic, muscovite-
chlorite or biotite phyllite. Thin psammtic and calcareoug
bands 1 : 3 cm fhiék, occur in places, It has a typical‘v
close 1aminatioﬁ of composite cleavage (plate\f7). <Thé
Phyllite in this particular areé is overlain unconformably
by extranecous rock which consists of boulders of limestone
and phyllite in a red sandstone matrix; fufther.away, 20
meters to the north along its strike, the phyllite passes
upward conformably into the Ballygrant Limestone (fig 11).

8. The Ballypgrant Limestone (fig 10)

The limestone is exposed along the south east 1imb

of the Mull of Oa Anticline; it forms a continuous bed

for more than 15 miles, It is dark blue with a reddish

“to Sllghtly yellow weathering surface; veins of pure white
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calcite intensed it and are clearly seen on a fresh

surface. Graded bedding in its sandy top-most bed show

yYounging to the south-east. The limestone shows variable
thickness along its strike; it has a maximum thickness
of 60 meters in the Central Oa, thinning dramatically

to the south-west, to disappear in the cliff of Alt na
Cloiche Fionne (fig 11). Twenty meters tp the north the
Ballygrant Limestone is disconformable with the over-
lying rock, Pért,nan Gallan Limestone (plate 10)., A
graphitic conglomeritic zone of about 7" thick is well
identifiable in the field (plate 11). The line of
disconformity between, the Ballygrant Limestone at the
botﬁom and the overlying Por% nan Gallan Limestone is

a sharp one. The Port nan Gallan rhyllite is missing.

The line of disconformity is a stratigraphic one as a

~Tesult of local erosion. This unconformity will be

- discussed in more detail in chapter T

9. The Port nan Gallan Phyllite (fig 12)

This phyllite has a distinctive position, being

exposed between two characteristic limestones, the under- .

\

lying Ballygrant Limestone and the overlying Port nan

Gallan Limestone. The phyllite is exposed on the south-
‘east limb of the Mull of Oa anticline for about 20 miles.
It has a variable thickness .along its strike, changing in
- thickness from north-east to south-west. In the cliffs_

©of Alt na Cloiche Fionne it is represented by a conglom-

eritic zone of 7" thick; for 2 miles inland, from Port

nan Gallan to the south-east corn of Loch Xinnabus

(fig 12 ), this conglomeritic is observed at the base

of Port nan Gallan Limestone, As explained above the



Plate 12. General view of the cliff of Port nan Gallan.
To the extreme right, note the Islay Quartzite;
its contact with the underlying Boulder Bed

. is tectonic, mylonitization is shown. To the
: extreme left is the Port nan Gallan Limestcne
outcrop. Normal fault has displaced the rocks.

VPlate 13. Note the circular shape of the Oolite, suggesting
)\ R a low deformation. The Oolite appears only in the
e ' Port nan Gallan Limestone,

- Cave filling in the Port nan Gallan Limestone.
T Note the huge boulder of limestone, quartzite
C and phyllite. Also note the slump of late

) structure due to the collapse of the limestone.
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yrt Nan Gallan Limestone

yrt Nan Gallan Phyllite
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the conglomqrate represents a period of erosion due to
plocal uplift and following the deposition of the Port
nan Gallan Phyllite.

The phyllite is black and graphitic on the cliff
facing rort nan Gallan, becoming interbedded with
" quartzite and sandy dolomitic limestone 6" : 1' thick.-
It passes upwards towards Port nan Gallan Limestone
(fig 11a) at the north~east of Loch Ard Achodh,’

10. vrort Nan Gallan Limestone (fig 12)

This limestone is the highest member of tlie Lower
Lalradian in Islay is overlain by the Middle Ualrédian
group, the Boulder BDed (Hast 1963). Its thickness is
Varlable, a stratigraphic section from Port nan Gallan
has a thickness of about 60 meters (fig I). The lime-
stone is exposed in Port nan Gallan to the west, in the
cliffs facing the bay (plate 14) and inland forming good
outcrops. It is an impure limestone - white, red,
Yellowish to dark-coloured, sandy in some 1oca11t1es
“,and regularly bedded (often in beds from .20-50 mm thlck)
TTt s, lelded 1nto units which are of tens of" meters
. \

‘th1Ck. ‘Lighty meters to the west of Port nan Gallan,
?n the coast-line, the Port nan Gallan Limestone lies
disconformably over the Baharradail Phyllite, and 30
, meter inland it lies disconformably on the Ballygrant
Limestone, with a well-observed graphitic conglomerate zone
of 7" thick at its.base (rfig 10 & 12) (plate 11). This
Conglomeritic zone is also observed in the cliffs facing
- Port nan vallan and 2 miles inland in the south-west
corner Of.Loch Kinnabus. aAbove the conglomerate the

limestone is massive becoming flaggy, to white on red
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dolomitic in some localities. Oolitic structures have
been recorded from several localities, to the north-east
of Loch Ard Achodh, and in a quarry 5 meters south-east
of Lower Cragabus Farm (plate 13). The Geological Survéy
observed the presence of the Uolitic limestone within

the (Islay Limestone Formation) at several other
localities (Wilkinson et al 1907 PP 33-5). All of

these localities ha#e-been visited, and without exception,
all belong to the Port nan Gallan Limestone. In all
localities in the Oa, the Port nan Gallan Limestone

is overlain unconformably by the rortaskaig.Bouider

Bed.

B: -~ . Lower Dalradian in Central Islay

The Lower Dalradian succession is well exﬁosed in
Central Islay, where the succession is complete and well
established. Here the rocks occupy the cores of complete
antiforms and synforms:vthe Islay Anﬁicline and the
Mull of Oa Anticline; and bringing the younger‘succession
in contact with the older one, to - the south-east and .
ﬁO?th-eaét at its closure. As will be seen later
( map 1 )‘the slide is of the samé agé as the folds.
Although the area has more than one phase of metamor-
‘phism, it sedimentary ‘structures are still wel;
rpreserved, and the following stratigraphic succession
has been identified in Central Islay.

- Top Port nan Gallan Limestone
Port nan Gallan Phyllite
Ballygrant Limestone

Baharradail Phyllite
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Cnoc. Don Group (a) Phyllite
(b) Quartzite
(c) Limestone
Cnoc Don Quartzite
Cnoc Don Transition
Cnoc Don Slate -
Kintra Limestone

Bottom Kintra Phyllite

Kintra Phyllite (fig 7 )

This phyllite is not well qxposed in Central Islay,
except where rivers cut through the superficial deposits,
exposing good cross sections. Three sub units of the
AKihtra Phyllite which have 'been described (plate 1)
in the Oa localities, are récognized in Central Isaly;
these sub units ares- |

" Top. (a) Silver Slates

(b) Laminated Phyllite

Bottom (a) Dark gray phyllite

The transition zone is not represented in Central

-« Islay,

& - The Dark Gray Phyllite

The phyllite forms the core of the Mull of Oa
Anticline. This phyllite is exposed in the Glen Egedale
east and west of the (Port Ellen - Bridgend) rood and

in the Glenegdalemor; here the phyllite is graphitic- _

.~ black, with a slightly greenish colour. Close foliation

which is metamorphic in origin, is produced by the

effects of a composite cleavage s, and s, striking

1
"to the north-east and dipping to the south-east,



Kintra Limestone Central Islay. Here the
limestone is gray and massive. Note the
Mullion structure on the bedding plane.

The hammer shaft points east to south-east,
toward the plunge of the Mullion,

Plate 15,

v

Y

3’P1ate 16. K%ntra Limestone Central Islay. Here the
- limestone occupies the closure of the Oa

Anticline. The black line mnrks the closure.



Fig 13

Cnoc Don Slate

Kintra Limestone
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b -~ The TLaminated Phyllite

This is well exposed in Torra river east side of
Bowmore, Port Ellen Rood, and in Gleann nan Mallaicheanj
2-miles East of Rood. The phyllite is green, chloritic
with pyrite crystal on its su;face. No banding is observed
but still dolomitic laminag are present. In some places
the phyllite lithologically resembles sub unit three
(the silver slates). The close lamination observed in
the underlying dark phyl;ite is still present, and sy
in some places has been folded. (See map (1)).

¢ - The Silver Green Phvllite

This phyllite is well exposed in the Awwtri-dail
half a mile south-east of Xilennan House, and Abhalmn:
Bhogie. 1t forms the uppermost sub unit of the Kintra
Phyllite. Its smooth cleavage surface has a greenish
lustrous appearance. In the river near Atmtri-dail,
the phyllite is intercalated with thick (2 : 7 cm) beds
of sandy yellowish limestone, anticipating the develop-
ment of the Kintra Limestone. Here the phyilite exhibi#s'
'éépfessiQe facies changes from Phyllite to Limestone. '
At the core of the Islay Anticline the\phyllite is only
eXposed at one locality (G.R.3859),

Kintra Limestone (fig 13)

The Kintra Limestone in Central Islay is well
€Xposed in the core of the Islay anticline aﬁd the core
of the Oa Anticline ( map 1 ).

The limestone in the Islay pnticline consists of
’a}pale, schestose and sometimes dolomitic iower portion,
overlain by a dark upper portion. The contact with the

underlying rock is not well exposed. Grading is good



1
1533

!l'
¥

N
0]

in the sandy limestone and shows younging to the north-
west. Rodding - a development of early boudinage
structure along the bedding (plate 47) - has a trend
to the south-east with a 40° plunge.

fhe limestone in the core of the 0Oa Anticline,
is best exposed in Kilennan river, beiow a water.fall.
Here the limestone is coarsely laminated and has a
light-coloured dolomitic, dark pelitic lithology, which
gives it a striped appearance. The limestone forms
the closure of the Oa Anticline {(plate 16), where the
limestone steeply plunges under thg Cnoc Don Quartzite.
32 cleavage is well developed throughout having a
unifqrm trend - north-~east to south-west - and dipping
to the south-~east.

The Cnoc Don Slate (fig 13).

This outcrops on the_south eastern -slope of tnoc
Don. The typical lithology is a black or dark gray,
sometimes pyripous, graphitic slate, with a dull
cleavage surface; bedding is occasionally seen as
thin silty laminae. The best exposures are in the
threce quarries at Coill a' Ghuail. Massive pods of
black and yellowish limestone are common (fig 13a )-
The slate passes upwards into a psammitic phyllite,
5 feet thick; the latter resembles the transition
' 8Troup of the Ballachulish, but is not sufficiently -
exposed for this resemblance to be conclusive; Thié
transitional phyllite passes upwards into a méssive

quartzite Cnoc Don Quartzite.



' Plate 17,

- -Plate 180

Plafe&19.

typical outcrop of the Cnoc Don Quartzite. Note
the white spot (feldspar) characteristic of that
rock. Also note the cross-bedding. The rock

in this locality has overturned and shows younging
toward the north-west.

Typical rock of the Cnoc Don Uroup. Note
the interbedded Limestone and Quartzite bed
in the rock. The hammer head points toward
the limestone bed. Also note Fl fold marked
by the 2p. coin. fhe ycllcw pen shows the
development of 83 cleavage.

The surface of the cnoc won Limestone has calcite
scales. This has been recognized andis shown in
this plate. ‘I'he match stick lies within these
scales.
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The Cnoc Don Quartzite (fig 14)

This unit is exposed in Cnoc lon and strectches
to the south-west (Cnoc CrodMhail), for about 2 miles.
It is a thick quartzite to the north-east but thins
slightly to the south-east at Cnoc Crod&Mhail. This
quartzite forms the inverted western limb of Islay
Anticline as will be discussed later. Other exposures

occur 2 miles south-east of the first locality, at

cnoc uro a' Mhail, . ‘cross bedding, has
been observed in the quartzite.

The uvnoc Don Quartzite West of Central Islay

Here the cross bedding is seen as thin red stripes
on the steeply dipping surface fractures of the white
quartzite. The best structures are seen in‘the Cnoc Cro
a' Mhail (fig 14 ). The exposure of cross-bedding indicates
that the beds are inverted towards the west, and that
the Cnoc Don Quartzite have lies stratigraphically above
the unoec won Transition Phyllite and below the Cnoc Don

Group (limestone).






Grading is observed and indicates that the quart-
zite younging and faces towards the north-west. This
indicates that this quartzite is a folded part of the
main Cnoc Don Quartzite forming an anticline and
separated from the south-east limb of the Islay Anti-
cline by Central Islay Slide.

The cross-bedding and grading leave no doubt that
the stratigraphic sequence in the Cnoc Don is as follows:=-
j(g) phyllite
interbedded; (f) quartzite
(e) limestone
(d) quartzite
(c) some pellitic phyllite :
(b) slate
(a) limestone

The Cnoc Don Ouartzite South-East of Central Islay

The quartzite here forms the south-east and north-
west limb of the Mull of Oa Anticline. Cross-bedding
ahd'grading'indiéate that the qﬁartzite forms an
’antic;iheThaving the same axis and plunge as the Islay
Anticline. The‘same stratigraphic sequence as that
~established above in the Cnoc Don area, occurs in this
locality,

Cnoc Don Group (fig 14 )

the following succession have been identified in

Central Islay
Phyllite
Quartzité?

tinterbedded

Limestone



The lithological character of this limestone is
.conSpicuous that it can be immediately recognized in
the field. The characteristic member of the group
is brown-weathering, crystalline dolomitic limestone,
cream coloured or buff on fresh surféce. The limestone
are interbedded with a few impure quartzite bands
(fig 14) (plate 18 ) and pass upwards into banded
guartzite; with a few bands of the limestone. This
agrees with the characters of the .... described by
MCCalI (1554),.Pitcher énd‘Shackleton (1966) in Donegal.
ThéAbaﬁded quaftzites are well exposed in the north-west
of Cnoc Don, and on the limbs of the Mull of tho Oa
Aﬁficlinevin the Kilennan River,

| The limestoﬁe exposedhin Kilennan river 60 meters

to the Qeét from a waterfall, here scales of white
céiéife develop'on its surface (plate 19) the scale-
like ér}stals form small isoclinal folds with random
féld‘axéé. ‘These structures are very similar to
S#ﬁjéfgck stfﬁcfufé;; . their preservation is significant,
sin?é(it Sﬁégegfé fhat casts and mé;ds of organic remain
could eaéily be preserved in the Islay rock of similar
low metamorphic grade. |

The abovz-described beds pass upwards into greenish
semi pelitic phyllite, the latter form the highest
member of the Cnoc Don Qfoup; they are interculated
with calcameous beds, up to 40 cm in thickness.

Baharradail Phyllite (fig 15)

The type locality is at Loch Baharfadail where
the relation of this phyllite with the overlying lime-

stone (Baliygrant Limestone) is best seen. In Central
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Islay, the phyllite is exposed in several localities;

the best are north-east of Cnoc Don where the phyllite

is brought in contact with Cnoc Don Slate; Cnoc Don
Quartzite and Cnoc Don group by the Central Islay Slide.
Other outcrops are in the south eastern side of the
Central Islay Slide, forming part of the Oa Anticline.
The phyllite is mainly graphitic, muscovite -~ chlorite -
or biotile bearing. Psammitic and calcarcous bands

(1 : 3 cm thick) occur in places, especially north-

east of cﬁoc Doﬁ. The typical close foliation previously
deécribed in the Oa, is observed and is metamorphic in
ofigin, produced by the effect of composite cleavage
(plate 57); Graded and current bedding in the psamatic
laméllae in the south face of Beinn Bharrad, show younging
to the north-west. The phyllite forms the north western
inverted 11mb of Islay Anticline. It passes upward

into the Ballygrant leestone.

Phe Ballygrnnt Limestone (fig 14)

e The limestone 'is exposed in the north-west and
form the inverted 1imb of the Islay Anticline. The
§éme limestone is folded on a major.scaie énd appears
in several distinct places at Kattadale farm and
beyond to the south-east, and stretching to the north-
east for about 4 miles up totthe quarry in Ballygrant
village. The limestone is dark blue, veins of pure
calcite can be observed on fresh surfaces, Graded

*

beddlng in its sandy top most bed shows a clear
younglng and helps in establlshlng the sequence. Here
the limestone is thicker than of the Oa reaching 70

h meters (fig 1). In the east orf Cnoc na tri dail the

limest :
+lmeStone becomes a few meters thick. “Tectonic thinning
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is common in Islay and the more incompetent pelitic

and dolomitic horizons may be locally cut out. However,

~the possibility of original depositional thinning

cannot be ignored (page 61).

Port Nan Gallan Phyllite (fig 16)

This phyllite is better exposed in Central Islay

than in the 0a. It is exposed in the south-east of

Central Isaly, near the source of the Kilennan ®iver,

near Allallch, west of Loch Allallaidh and near Loch
Dubh, in the latter locality the phyllite is in a
contact with the lslay Quartzite.

The phyllite in general is graphitic black,
Decoming interbedded with pgammitic (sandstone and
siltstone) beds upto 14 cm fhick. The sandstone beds
are very variable in thickness when traced laterally;
they show small-scale percontemporaneous loading

structures and commonly have ptygmatic and dykelets

' penetrating downwards from their bases (figl6a),

The phyllite everywhere underlies the Port Nan

' Gallan Limestone except at Abhuimn at Sithein and -

100 meters south-west of Loch Allallaidh, and north

of Loch #l1allaidh by about 3 miles: at Abhuimn the

phyllite underlies the Portaskaig Boulder Bed and north
of Loch Allallaidh, it underlies the Islay Quartzite.
The phyllite in these two localities is unconformable .
with Portaskaig Boulder Beds and Islay Quartzite; it
is thrust underneath the quartzite, resulting in the
disappearance of the Port nan Gallan Limestone, the

Portaskaig Boulder Bed and the Dolomitic Group.



Spencer (1966) described this phyllite, east'of
Loch Lossit underlying unconformably the Portaskaig
Boulder Bed; he regarded this phyllite as the upper-
most part of Port nan Gallan Limestone (Islay lst).
The writer visited the Lossit area and from the mapping
carried out in southern Islay, believes that Loch

Lossit is an early F, fold (fig 48) refolded later by

1

Islay and 0a Anticline F2.

34
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Plate;éi.

‘Plate 22,
and 23. .

Typical rock of rort nan Gallan Phyllite.
Note the banded psammite and siltstone

in the rock., These bands have a thickness
of 5 inches.

Note the brecciated rocks of the Port nan
Gallan Limestone, marked by the hammer head
and the blue pen. ‘The breccia preserve an

~_early cleavage (pre~faulting).

——

———

'\7 Plate 23,
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The Middle Dalradian

In this thesis all of those rocks above the Port
nan Gallan lLimestone are placed within the Middle
Dalradian, which is marked by the Portaskaig Boulder
Beds at its base (Rast 1963). The Middle Dalradian
succession is exposed in three districts. In Central
islay, on the north-west slope of Beinn Bhaﬁn and in
the north-west of Tallant farm; 1in the south-east of
the Oa and in Kildalton, which form the south~east 1limb
of TIslay anticline. These rocks are referred to as
Kildalton and 0a succession. The general lithology
consists of Boulder Deds at the base of the Middle
Dalradian, marking the ﬁnconformity with the Lower
valradian, followed by a dolomitic and thick horizon
of quartzite with a graphitic bed at its top, passing
into phyllite interbedded with quartzite and limestone,
becoming grity quartzite at its top most part. Ten
Units can be mapped from these localities as follows:-

Top . Ardmore Grit

Ardmore Conglomerate

A}

Laphroaig formation Ikildalton Limestone

L}aphroaig Quartzite
Port Ellen Group
Scarba Conglomerate
Jura Slate
Islay Quartzite

Dolomitic Group

Bottom
Portaskaigs Boulder Ded

Because of its critical significance a detailed

yortaskaig Boulder Bed

discussion is required,
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The Portaskaig Formation in the Dalradian of Scotland
and Ireland-has long been known as "“the Boulder Bed"
because of the occurrence within it, of granite boulders
of all sizes, dispersed through thick, unbedded pelitic
quartzite. The Boulder Bed as a whole contains many
such individual bouldéry horizons separated from each
other by horizon of normal bedded sediments, mostly

dolomites, siltstones and quartzites,

Stratigranhical Position in the Dalradian

The Portaskaig Doulder Bed forms an excellent
mafker within the Islay succession of the Dairadiaq
occurring between Port nan Gallan Limestone and the
oveflying Islay Quartzite, along a strike section which
stretches from Perthshire in Scotland to Cannemara on
the west coast of Ireland. Kast (1963 p. 125) has used
the Boﬁlder Bed to define the base of the Middle
‘Dalradian within his stratigraphical divisioﬁ of the
Middle Dalradian (map .l ). The position of the Boulder
Bed within the Islaf spccessionfis-shown iﬁ (fig 17).

‘Previous Work

R \
The earlier work on Islay is summarized in the

Geological Survey Memoir (Wilkinson et al 1907 p. 6-8)

and the subsequent work resuliing from the paper by

‘Bailey {(1915) on the Islay Anticline, is summarized

by Allison (1933 pp. 128-9), The survey recognized thg
S overall Juxta position of the Port nan Gallan Limestone
o Q(Islay Limestone}. The Portaskaig Doulder Bed, the

. Lower fine grained Quartzite. (part of the Yortaskaig

Boulder Bed), and the- Dolomitic Ggroup; the way of these

rformations was determined by Bailey and confirmed later

+
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by allison

In 1960 a paper by Pitcher and Shackleton discussed
the succession in the Garavellach Islay in relation to
the succession within the Portaskaig. Xilburn, Pitcher
and Shackleton (1965 p. 388) suggested a thickness for
the first time.

In 1966, spencer (Ph.D. Thesis) gave a detailed
stratigraphy of the Boulder Bed and suggested thé thick-
ness of the Portaskaig'ﬁouldef Bed in the title area.

He suggested a thickness of 750 m. for the Boulder Bed
in Islay (1966 p. 347), which is much ﬁhicker.than the
Garavallach. “These thicknesses will be discussed later.

The Outcrops of the Portaskaig Boulder Bed in
Southern Islay Spencer (1966) and other previous authors
recognized five area, which were first recognized by the
Geological Survey Map. The author's have examined the
areas 3, 5 and 6 in more or less detail, and visited thé

outcrop area (1) with Spencer. The stratigraphic

~succession in (fig 17) is the result of the work from

localities 3, 5 and 6 which have been examined in.detail

\

and which have provided most of the information.

The Boulder Bed in Port nan Gallan

The boulder bed here is fairly well exposed along
the shore of the Port nan Gallan, and in the cliffs
Tacing it (plate 12). ‘The relation of the Boulder Bed

with the underlying Port nan Gallan Limestone and the

‘overlying Islay Quartzite is well observed and very
well exposed; the Boulder Bed lying unconformably (fig 18a)

. Over the Port nan Gallan Limestone. The following units

have been established in the area, part of the exposure

east is concealed by the higher water tide.

~



Plate 24, Boulder bed from Port nan Gallan. Note the
boulders of limestone, granitc and quartzite,

Plate 25. Note the small scale sandstone dyke cutting
across the bedding plane, and folded. Also
note the alignment of the pebbles with the
S1 and 52 cleavage.

*/Plate_ZGLiJOne outcrop of the Boulder Bed recognized
Coe in the Oa. Note the dolomite and guartzite
boulder in the sandy matrix. \ .
Plate 27,

,The conglomerate bed within the rortaskaig

Boulder Bed is very clear, on the northern
slope of Heinn Bhann.



pPlate 24. Boulder bed from Port nan Gallan. Note tye
boulders of limestone, granitc and quartzite,

Plate 25. Note the small scale sandstone dyke cutting
across the bedding plane, and folded. Also
note the alignment of the pebbles with the
Sl and S2 cleavage.

Plate 26. One outcrop of the Boulder sed recognized
in the Oa. Note the dolomite and quart7ite

boulder in the sandy matrix. \

Plate 27;h'The conglomerate bed within the Yortaskaig
" Boulder Bed is very clear, on the northern

slope of Uleinn Bhann.
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The contact of the Boulder Bed with Port'nan Gallan
Limestone is very well exposed 'in the area to the west of
Port nan Gallan. There (figl8a) the lowest Boulder beafing
horizon is sandy dolomitic 1 meter in thickness and lies
disconformably on the top of the rort nan Gallan Limestone.
The boulders are of limestone.and granite, the later forming
less than 28 of the clasts and pebbles of quartzite.
Ovérlying the basal dolomitic bed is a thin, sandy quartzite
with boulders of limestone and granite. Next in order
comes 4 meters of sandy calcareous shales with rusty
weathering, containing slightly larger boulders (up to
1 foot long) of yellow ‘and red dolomitic limestone,
quarézite and granite. The Qoulders in the above-mentioned

beds are elongated parallel to the bedding plane and Sl

‘' cleavage (pl. 25), the longeét pebble axes trending

approximately to the north-east., tracks have developed
almost parallel to the intermediate pebble axis. Nowhere
else in southern Iélay is this phenomenon observed. The

calcareous beds are followed by a sand dolomitic bed 2

meters thidk~ﬁith.pebbles of quartzite 2" in diameter -
. ' .

and no boulders of either granite or limestone are found

in it. Thes contact between these two dolomitic and the
underlying shales is a tectonic due to a strike slip fault

at their junction; the Geological Survey (1907) has

also recognized the same. Following this bed is a succession
(figl8a) of 4 beds: sandy shale, alternatively with thin
quartzite, the thickness of this succession is 9 meters.

Overlying this succession is quartzite bed 3 meters

thick including boulders of granite only. The overlying

two beds are of sandy calcareous shale, and sandy quartzite;



they measure 4 meters in thickness,

the top of the Boulder Beds in the Port nan Gallan
is truncated obliquely ﬁy the Bheinn DBhann thrust under
the Islay Quartzite. A fault running north-west south-
cast displaces the Boulder Bed in the north-east cliffl
facing the Port nan Gallan to the south-east. Most of
the above beds are missing or probably burried under the
recent deposits; however the boulder beds are still
represented by 10 meters of a ;andy calcareous bed at its
bottom to sandy shale at the top; boulders of ‘limestone
are recorded in the lowest beds; mno other boulders
have been observed.

' Several small exposures\of the Yortaskaig Boulder
Bed outcrop at localities (2 and 4) (figl8b); scattered
limestone boulders are seen at these localities, sandy
shale with quartzite pebbles at the top of the beds.
Lthese exposures are sufficient to indicate that the
Boulder Bed in Islay is contlnuous persisting for about .
'20 miles along the strike. V

'Beinn Bhann Boulder Bed

\

The Boulder Bed which outcrops on the north ;nd north-.
west of Beinn Bhann (fig18c) (G.R.3855),stretches to the
north-east and the south-west for about 3 miles.

3 Seven boulder beds (figl8b) interbedded with quartzite,
limestone and siltstone occur at Beinn Bhann. All of the
Seven beds contain outside derived clasts (interbasial),

the lower four have interbesial and dolomitic clasts'(the
interbasial (granite)) clasts having slightly higher in
percentage than the dolomitic one), where as the fifth

and the sixth beds contain only interbasial (granite)



o

clasts with few scattered dolomitic ones. ‘“The topmost
boulder bed in this area is quartzitic and is exposed
along the north-west of Beinn Bhann. An unstratified
Packite conglomerate (plate 27 ) bed resting on the top

of the first four boulder beds separates the later from
the overlying two. Spencer (1966) recognized this bed

as a member bed in resolving the stratigraphy and the
structure of the Portaskaig Boulder Beds. e regarded
the presence of such a. conglomerate, as evidence of the
action of extremely powerful water currents, which are
most likely to occur in‘an interdial or fluvial environ-
ment. rthe conglomerate was deposited as a result of
the'removal of the sand and silt from the sediments by
melting ice bergs, by settling through water and later
transportation of the boulders by current action., This
conglomerate overlies Boulder Bed No. 35 of the Upper
Boulder Bed (Spencer 1966) in the Garavellach succession,
and is absent from Islay succession., If this is so, then
¥hewé6ngioﬁeréfé ié a produat of-érégion, folldwiﬁg.d |
'iocal.upliéf.(sffatigraphic break). This deduction_ig.
Teasonable since there is no proof of an§ tectonié event§
at the base of the conglomerate, and secondly since bed
No. 35 is absent from Islay succession. Litholbgically,
the conglomeratec bed in the Garavellach has granite clasts
only, whereas the conglomerate at Beinn Bhann and in th9
Portaskaig includes granite, limestone and quartzite clasts.
The present writer also.found phyllite clasts within the
conglomerate at Beinn Bhann. ‘the later changes in the
lithology of the conglomerate can be attributed to the

uplift and resulting deeper local erosion.



Plate 28
and 29

LLarge and small scale cross-bedding are often
seen and recognized in the Islay Quartzite.

Here are two plates from two localities, showing
the typical cross-~bedding in the quartzite;

both show younging direction to the south-east.
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The Dolomitic Group

This group is exposed only on the north-west slope
of Beinn Bhann. The persistant non-appearance of the
dolomitic group elsewhere is due to the intervention
of the Deinn Bhann thrust. Bailey (1§16 p. 158) regarded
its disappearance as a result of a stratigraphic thinning
the (Dolomitic Group) in a southerly direction. ‘this
claim has no basis and mapping shows it that the Beinn
Bhann thrust playé a big role in the thinning and dis-
appearance of the succession in the south-east limb of
the Islay Anticline. Also the thinning may be that
which occurs in the limbs of similar-type folds (Class
2, Ramsay 1962); this argument is supported by the facf
that the 1slay and the Ua Anticlines are similar-type
folds,

the volomitic Group is composed of a sequence of
white, yellow and brown dolomitic rocks, interbedded

with dolomitic, green phyllite on 1.5 mm thick, and

the result is a dominently bounded lithology. This

groﬁp underlies the Islay wuartzite ‘and overlies the
\

Portaskaig Boulder Bed.

~—

The Tslay Quartzite (fig 19)

The followfng succession has been determined in -
Southern Islay,

Loch Allallaidh Quartzite i -

Beinn Bhann Quartzite

The succession ié well exposed along the south-east
limb of the Islay Anticline stretching from the Sound of
Islay to the rort nan Gallan 'in the Oa. " It forms the

thickest units in the area,
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Beinn Bhann wuartzite

This unit is stratigraphically younger than the

Dolomitic Group. In places it overlies the Dolomitic

‘Group, while in others it overlies the Boulder B8ed

or even the Port nan Gallan Limestone; this angular
unconformity is due to the Heinn Bhann thrust. The
quartzite is white, vitreous and fine grains. Its best
seen in Beinn Bhann and contain sedimentary channels
occasional cross-bedding and a few small scale sedimentary
dykes.

Loch Allallaidh Quartzite

This unit is thickest of the sequence and very well
expdsed in the 0Oa and Xildalton; extending from the
Sound of Islay about 300 meters from Portaskaig to the
Port nan uvallan in the Oa.

The rock is a coarse, pebbly (pebbles reach 5 mm
in diameter) intercalated with thin schist at its top.
At Kilnaughton Bay 1% miles west of rort kllen the
Quartzite is flaégy.and slightly schistose,

The Loch Allallaidh Quartzite becomes an outstand#ﬁg'

\

lithological unit, when it is traced to the south-west

“slope of Beipn Bhann. Cross-bedding and grading are

found almost in all the exposures of thz quartzite and in
particular are very good in this locality (plate 28 & 29),
slump folding and large scaie sedimentary dyke injections
are also observed. The graded and cross-bedding and other
primary structures show  younging to the south-east. The
rock has a constant strike to the north-east, except at

Rubha Biorach (south of McArthur's Head); the strike

swings to the north-south direction. This might be due

to the effect of the break of Jura and Islay (Sound.of

~



“'Plate 30,

This plate shows the typical Jura sSlate.

‘The plate is taken from the shore near

Port Ellen Lighthouse., 1rland the slate
, is pure and has been quarried.
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ylslaY); the later break probably being a result of

faulting.

Jura_Slate (fig 20)

‘§5¢VbThis unit is.a subject of controversy in its
;;tratigrdphical position and requires a somemore detailed
: diécussion“:-

* The Geological Survey (1907) regarded the Jura Slate

éS‘an”up;fold of the Port Ellen Phylli£é. The Slate frag-
.ments~have accordingly been taken as conclusive evidence

that: the Islay gyuartzite is of later age ‘than the Port

Ellen Phyllite. Gregory (1928}, Peach and Horne (1930)

ZA"t’%”l,‘ee‘fd with the Geological survey tha£ the Jura Slate is

older than Islay Quartzite. Bailey (1916) has proved
“fhatfthe Jura Slate is younger than the Islay Quartzite
~and -older than the Scarba Conglomerate (fig2db). Allison
:(1953)'agreed with Bailey on the stratigraphic position
‘but differed with him as to the structure (fig20c).

" The Jura Slate is best exposed north Port Ellen
Lighthouse and on.thé southern coast at (Alt an Daimh).
The 1a£er'is the fype locality of the.conﬁroversy.' Othéf

exposures occur along its strike and have the same
éﬁ?atigraphic'ﬁosition as described below,
% f“‘At the Port Ellen Lighthouse, the slate is grey to
black, and overlies the Loch Allallaidh Quartzite., Here
thekslate is not affected by any structure, and its position
~—1s ‘clear. a 5 meter zone of quartzite muscovite~bearing
and talcore in appearanée is observed at ifs base, Over-
l?iné the slate is the Scarba Conglomerate; the junction
iS‘marked by a facies changes and slumps of slate form

a-‘part of the Conglomerate.

kN e I,



Ly

The present writer agrces with BDailey on the

‘stratigraphic position of the slate as exposed at the

Cliff of Alt an Daimh, but differs from both Bailey and

‘aliison on the structure (fig20d ). The slate is grey

" impure at the bottom becoming graphitic at its top.

. —

To the west of this locality Loch Allallaidh Quartzite

bPasses upwards towards the grey slate with a well

6bserved transitional zone. The slate has been folded

in a series of folds, and the lack of detailed mapping
resulted in the previous conflicting interpretations.,

Gréded bedding and cleave/bedding relationship (Shackleton
1957) either in the quartzite, the slate or the conglomerate,

leave no doubt that the slate is older than the Scarba

Conglomerate and younger than the Islay Quartzite.

Scarba_ tonglomerate (fig 21)

This unit is best exposed at the Port Ellen Lighthouse,
at Alt ant Sailich 300 meters south of the Lighthouse and
on the east cliff of Alt an Daimh; other good exposurés
are at the Oa and Kiidaltoﬁ. fhe congloﬁerate consisfs
of‘éeVeral ﬁorizons (each 50 cm thick) sepérated by shale

. ‘ \ o
beds (fig2la); the shale is greyish red, dolomitic with
a reddish weathered surface. The conglomerate is composed
aimﬁé% entireiy of rounded white and blue guarﬁzite pebbles,
enclosed in a quartzofeldspathic matrix., Pebbles and
bouldérs of black graphitic slate (plate 31), phyllite and
dolomitic‘limestone; the later are the least numerous.

The dﬁartzite pebbles are elongated, varying in length
from 3.8 cm and gently plunge in the north easterly
di;ection.

The conglomerate shows a facies change with

the underlying (Jura Slate) and overlying (Port Ellen
Payllite rocks).

-



Plate 31.

4'Platé 32.

This plate shows graphitic slumps in the
Scarba Conglomerate, indicating that the

Scarba Conglomerate is younger than the
Jura Slate.

Here ﬁhe junction between the Jura slate and
the Scarba Conglomerate is well shown., Note

“the antiform in the conglomerate and the

“isoclinal folds in the Jura Slate. ‘lhe

Junction between the two are marked by a small

Grading in the conglomerate shows
Younging direction to the south-east.
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';Port Ellen Group (fig 22)

Thls group is exposed in Kildalton and the Oa. The

following units have been recognized in the above localities.

LSRR S
.

Top Port Ellen Flagstone
Port Ellen Phyllite
Bottom ldilbride Limestone.

SRS

Kilbride Limestone

LA
This limestone is exposed only at Xildalton (fig22b),
1
100 meters north of Kilbride farm, 2 miles north-east of
Port Ellen v111age. The limestone is sandy and yellow to

grey in colour. The rock overlies the Scarba tonglomerate.
Nowhere in Southern Islay is the limestone exposed, except

at the above-mentioned area; . clsewhere it may however be

AN
Foam a e I

covered under the superficial deposits. In the Oa and

N 1
e}

north-east Kildalton in particular the Scarba Conglomerate

't

is overlaln by the Port zllen Phyllite.

Port Dllen Phylllte

The rock is highly deformed, compared to the rocks

i-“gi

"surrounding it, It is also ‘the 16cus"of a large ﬁﬁmbef

.of epidiorite sills which have affected the rock. so badly

- -

-

that in some places it is impossible to map. The phyllite

is 1ntensive1y folded particularly in Port Ellen village

and in the Va,

ihé prevalent rock type is a silvery-grey, sandy

phyllite interbedded with quartzite and sandy calcareous

beds (2.5 cm) thick. In the Oa the phyllite, at its
Junction with Scarba Conglomerate, is represented by a

12 meter zone of semi-pelite (plate 33).

4.



Port ¥llen Flagstone

The unit is composed of interbedded phyllite,
quartzite and limestone beds, BO-cm thick. The phyllite
is»green and chloritic; the quartzite has a greenish
dirty colour; the limestone is sandy and yellow in
colour. In some places the quartzite beds show irregu-
larities at their base (fig22a); the later show rhythmic
, ﬁndulations, with slightly rounded crests directed up-
\wards. The phyllite below follows the undulations,
coafse grains occupying the hollows. This indicates
that the undulation formed early enough to effect the
" deposition. also spheroidal shapes "probably grains"
have developed at the base oé some quartzite beds, |
developing later into concretion - like shapes (fig22e).
Ripple marks large undulation of unknown origin and

scdimentary dykes are also recorded (figl6a). The flag-

stone passes up-ward into the Laphroaig Quartzite.,

o Laphroaig Formation (fig22b)

This formatlon is exposed only in Klldalton, and
;consists of thick. quartzite interbedded with phyllite'
at its top becoming calcareous at its top most part. The
fé;lowing units have been described.

Top Kildalton Limestone

Bottom Laphroaig Formation

This formation follows directly to the south-ea;t ol
Port Ellen Flagstone. It extends along the south-east coast
from soth-east Laphroaig to the north Kildalton house and

forms the rocks of the 1sle of Texa. Epidiorite sills are



'Plafe‘33.

This plate shows the transition zone between
the Scarba Conglomerate and the Port Ellen

vhyllite. Note the slump structure in the-
phyllite,
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FOmmOhfthrnughout this area, and disturb many of the
outcrdbﬁ;‘céusing the disappearance of the top most part
of the Laphroaig Formation along the coast.

’ﬁ‘The Formation consists of thick quartzite (Laphroaig
Quartzite) with red dolomitic phyllite interbedded within
its ‘top. The base of the quartzite is best seen at Loch
Iarﬁan; here the quartzite is fine to medium grains
("poor® quartzite) and preserves good graded bedding. The
quaftéite in Laphroaig consists generally of reddish, gray
quartzite with blue quartz grains. At Loch a thnuic, at
Loéﬁ*Ant Saicein and in the east coast - north of Kildalton
House - the quartzite is schistose.alternating with thin
beds of dolomitic phyllite, Graded bedding and other
Prihéfy strdctures have been seen in some outcrops. The
Léphroaig Formation passes upwards into Kildalton Lime-
‘stéﬁé;

Kildéitoﬁ'Limestone

.This unit is best exposed 100 meters south-west -of -
Kiid?lton House and in the cast coast of Ardilist?y pay.
) Nongﬁer‘outcrops have been found due to the nature of
the terrain which is either badly affected by the
épi&idrite sills, or entirely covered by peat., The
limestone is sandy, brown to buff in colour and has a
thiéﬁneés of 8 meters; its top is not seen.

Ardmore Conglomerate (fig 23)

-

3hé Conglomerate is exposed in the south-cast of

Yo
: ok

Kildalton and stretches for about 24 miles from Rudha na

Muirlain (300 meters from Ardilistry Bay) to the east

coast.,
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Its phenoclasts are quartzite pebbles, phyllite and

reddish dolomitic limestone boulderé up to 25 ém long
(rlate 34 and 35). The conglomerate shows very goo§ graded
—jbeds and facies upwards (pebbles size decreasing to 3.5

mm in diameter)., The pebbles are elipsoidal to rounded
and tend to be elongated in the north-east direction.

The phyllite pebbles are green and may be of igneous

- origin. Towards to top of the beds, only guartzite
Pebbles aré recorded. The Conglomerate passes upwards
gradually into the Ardmore Urits. The junction of the
conglomerate with the underlying rock (the Laphroaig
Formation) is not clean, since it is obscured by continuous

1
\J .

epidiorite sills,

‘Ardmore Grits (fig 23)

o The grits are exposed in the south-east of Kildalton,
and overlie the Ardmore Conglomerate. The grits are
geﬁerally course to medium grained and have a high feld-

;SPathlc quartzlte, with qnyulqr to sub-rounded grains..

1he quart?lto is often thickly bedded (60 cm), it is

' whole thlckncss is not accurate since its top is not
~Seen. The quartzite are generally pure; black slate and
green phyllite are rarely present. Sékrical shapes have
- been recognized {plate 36), having a constant direction
.and Plunge to the north-east. These spherical shapes

.ASQ?Q regarded as products of differential in the grits -

lithology.
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Pldfe 34. This plate shows the Ardmore Conglomerate,

of Middle wvalradian age.

Note the dolomitic
fragments in the bed.

‘,Plate135. Close-up photograph of plate 34, showing

Plate 36.

typical dolomitic boulders and pebbles
in the conglomerate.

Typical rock of Ardmore grits. Note the

ellipsoidal shape in the grits, as a result
of differences in lithology. The ellipsoidal

shapes have a plunge coinciding with F2 folds
in the area.
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SECTION 3

SEDIMENTATION
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SEDIMENTATION

1. Introduction

‘The Dalradian stratigraphy and sedimentation have
been subjected to vigoroué sedimentological interpretat-
ion; Bailey 1930, Sutton and Watson 1955, Smith and Rast
1958, Xnill (1959, 1963), dhackleton 1961, Watsjfon 1963,
Kilburn et al 1965, Roberts 1966, Spencer 1966:/Kennedy
1969 and Litherland 1970, The previous workers adopted
different techniques: some making use of current
bedding and other primary structures to deterﬁine.the
direction of current flow, others making use of
sedimentary affiliations for regional correlation.
All, however, were faced wi%h several problems e.g. the
lack of information due to the absence of detailed mapping;
the sedimentary structures are always deformed, resulting
in false information, unless unfolded \Ramééy 1961).
Even so, there is still é big probability of false

information, if the area have been affected by more

deformations, or if there is a discontinﬁity of a unit

\

The rocks of southern Islay are well exposed across

the strike and form shelf deposit sediments. They also

-form part of the Lower Dalradian, and the whole of the

Middle Dalradian. The metamorphism in Islay is low grade,

Thus in this section the present writing has a unique -

opportunity, in the light of this new information, to

interpret the sedimentary history of Islay and if possible
to apply to the Iltay and the Ballachulish successions

in the mainzland of Scotland. Two attempts have,beén made

in’rcsolving the direction of the current flow. First
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. nd Middle
using current bedding (fig 19) in the Lower a

Dalradian, and secondly, the elongation of the pebbles
;n the Scarba vonglomerate., In both attempts allowance
has been made for error in readings, and the effect of
the strain specially for the pebbles; and correction
for both plunge and dip in the palacocurrent measure-
ments has been made. However there are only two major
deformations in Islay, these are associated with F2
folds. Islay has escaped the first phase

3

of metamorphism associated with F, folding the major

1

deformation in the main land of Scotland. Aiso F3
folding in Islay is slightly weak, so the cqrrection
in the rotation of the palacocurrent; and the pebbles .
is very small.
2. The Lower balradian

The Lower Dalradian Section (2) begins with Moal

an Fhithich Quartzite. This quartzite is current

bedded, it is pebbly at its base, and interbedded with

"“slates; marked a shallow water deposit of a slightly

. rough or turbulent nature. The phyllites groups, re-

\

Qresent a change in the environment of deposition to
'QEPuCh quieter environments; this can be demonstrated
by the first two units of the Kintra Phyllites group
Section (2). The upper-most unit (the lamecnated beds
of clay and siltstone) show current bedding in the
S{ltstone; this is an indication of period of some
tgpbulence.

These deposits are gradually superceded

by sandy dolomitic limestone, and dark graphitic

'limeStOHG\(Kintra Limestone). These are shallow water

quQSitSn representing gradual change from aerated

3
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_ to euxinic conditions. The Kintra Slate which follows

the Kintra Limestone has pyrite crystals commonly
associated with euxinic conditions. The Cnoc Uon
Transition, and the Cnoc Don Quartzite represent a
change to high energy conditions, probably due to the
:ublift of the source area, which has been recognized

in Islay (Section 2 p. 30); as a result of this uplift
rythmic influxes of coarse sand (feldspathic), becoming
massive pebbly quartzite beds with large scale current
bedding, which show flow from the north-west and the
west (fig 14) but do not necessarily indicate the
source-direction (Potter and Pettijohn 1963). The Cnoc

Don Quartzite represents a shallow water, high current

e

intertidal domain (shelf marine). Litherland (1970)

regarded the current bedding in the equivalent rock of
the Ballachulish succession to be due to the constant

sorting of a braded grains resulting from succession

‘increments of firie material, and denled any actlon of
- hiGh currents. His assumption mlght be valid in the

”iLoch Crenan, but in Islay, the current beddlng up to. .

10 feet long, cannot have been produced except by

- high current action Bailey (1930).

The Cnoc Don Limestone is a layered sequence of

‘dolomite limestone, quartzite interbedded with limestone

and quartzite interbedded with dolomitic phyllite. The

group represents a reriod of instability in the sedimentary

.basin, during which uplift and emergence of land, (the
- source area) resulted in the alternate deposition and

'~ change in lithology. The limestone is dolomitic becoming

impure, with scales of calcite (plate 19), which are
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regarded as sun-cracks and indication of shallow water

deposition., +1his suggests that the dolomitic is of

evaporite and not metasomatic origin.
¢ ‘The Baharradail phyllite, is current bedded in its

psammite lamellae the Ballygrant Limestone, also has

‘current beds (plate 20). These Limestones as well as

the rort nan Gallan Phyllite and the Port nan Gallan
Limestone .(the upper most unit of the Lower Dalradian),
'represent a return to the euxinic, low .energy conditions,
and complete the repetition of the Cyclothenic deposits
of the lLower valradian Geosyncline in Islay. The
unconformity recognized in the southern part of the Oa
(fig 11), between the rort nan Gallan Limestone and the

Ballygrant Limestone, is marked by a graphitic conglomerate

“for a distancg of 1% miles and a half. To the south-west
- of the above locality on the cliff facing the sea, the
"Port nan Gallan Limestone lies directly disconformable
on the Baharradail rhyllite (fig 11). This indicates

-@a -local uplift of the source area and partial uplift 6n

the edge of the Basin (fig 24 ). which resulted in the erosion

\

of ;the Port nan Gallan Phyllite,'and part of the Ballygrant

Limestone. This local uplift seems to be of great

importance in the shape of the geosynclinal basin for

the Lower Dalradian énd the Middle Dalradian. The thinning

of. the sequencq\to the south-west, {see paragraph 3.1 .

in this section and fig 24b) .is attributed to this uplift.
,. The Lower palradian in Islay as a whole is of the

orthoquartzite carbonate suite (Pettijohn 1957) which. is

formed of quartzite, shales, limestone of cuxinic facies,
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and pyrite-bearing sedimentary beds. From the point and
the discussion forward in this section the writer concludes
that the sediments of the Lower Dalradian in lslay bhelong
to the shelf marine to epicontinetal domins.,
3. The Middle Dalradian

The Portaskaig Boulder Beds form the base of the
Middle valradian. The depositinal environments have
been discussed by the following aufhorsiiﬂ Shackleton

1961, Knill .1963, Watson 1963, Kilburn{1965, Robert

1966 and later in more detail by Spencer in 1966. The

P

writer agrees with Spencer in attributing tﬁe origin

of rPortaskaig Boulder ﬁed to a ground ice sheét.Dr;
D.‘Klein (1970) tried.to explain the decposition and the
origin of the Middle Dalradian, by describing, the Lower
fine-Lrained Quartzite and applied his result and inter-
pretation to the main quartzite (Islay, Jura Quartzite),
assumed that the fineégrained Quartzite is part of Islay
quagtzite. . The present author has found that the éine- N
Grained anrtzité“(ceolégiéal Survey 1907 and Bailey 191%)
ié the upper mést'unit of the Portaskaig Boulder Beds,

and has scattered Boulders of granite measuring up to

- 40 cm in diameter, Regarded to its stratigraphic the

fine-grained quartzite lies directly underneath the

i: DO{Qmitic_Group which-is younger than the Islay Quartzite

, .

(Section 2 P 37). Therefore, Klein's proposal fex the.
origin of the Precambrian Quartzite of Islay is rejected
since there is no reéemblence between the fFine~grained

wuartzite of the upper Boulder Bed and the Islay Quartzite,

the main quartzite of the Middle Dalradian,
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*3¢1 The Portaskaig Boulder Bed lies unconformably on
",the Lower Dalradian. The Doulder Bed includes clasts
-from the Lower Dalradian which indicates uplift and
~erosion of the latter at the time of deposition of
;the boulder bed. The lower Boulder Bed was deposited
;Without any noticeable break. -n conglomerate bed has,
.been recognized by Spencer in the Garpyavellach, the
anrtaskaig area, and by the writer on the northern slope
.0f Beinn Bhann (Section 2 p. 41). The clasts are purely
. 8ranite in Garavellach, of granite, limestone -and
,quartzite in the Portaskaig area, and of granite, lime-
stone, quartzite and green phyllite in the slope of
Beinn Bhann, The conglomerate overlies the Boulder Bed
No. 35 of (Spencer 1966), and the upper Boulder Beds
in the Garavellach succession is absent from the lslay
succession. The change in clasts along the strike, the
absence of Boulder bBed No. 35 from the Islay succession
_§nd the thinning of Boulder Bed No. 34 (which might be
" "absent to the south-west of Beinﬁ Bhéhn), alliinﬁieé£é‘
- that thefei;s a break in the deposition of the Pdrtaskaig“';t~;
.Boulder Beds, dué to the local uplift (f}g 25) of the o
‘15nd. This break may be viewed as a large break in the
ideposition of the all Boulder Bed in the Dalradian (fig 17).
ﬁpgncer's assumption (1966) (Section 2 p. 41) does not
-explain the change of the lithology from north-east to )
"the south-west along its strike, the absence of boulder

bed No. 35 and the thinning of boulder bed No. 3k,
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3.2 The lower fine-frained Quartzite, uppermost group

"of the boulder bed (Xilburn, Pitcher and Shackleton 1965

p. 348) contains boulders of granite measuring up to

4O cm in diameter. This quartzite has been recently
described by G. Klein (1970) in an attempt to resolve

the deposition of Precambrian wuartzite (Islay, Jura
Quartzite); KXlein ignores the presence of the éranite
boulders in the Fine-gfained Quartzite, and condradicts
Knill's deltaic environment for the Islay-Jura Quartzite.
Further he regards a sout?brn shore line for the lower
:Fine G@rained quartzite (ubper Boulder Bed). The'presént

writer is at variance with Klein's conclusion for the

- following reasons:-

l. The fine-grained Quartzite is part of the

v Boulder bed succession, and not a separate

unit,

“3t- 2. The Islay Quartzite (main Middle Dalradian
Quartzite) is separated in Islay by the
Dolomitic group, ﬁhiéh is younger'than'theRZGkQ’

e Islay Quartzite and older than the Fine-

L ¢rained guartzite (Section 2). ‘Thefefore

R we cannot correlate the two units.

3. as far as the sourée of the fine-grained
Quartzite is concerned there is no doubt
7 that it is to the north or north-west.

The southern source suggested by Klein

R is based on his observation in the north-

west 1limb of the Islay Anticline, that the
Searo fining-upward sequences are confined to

the southern outcrops (fig 26 ) of the vine-
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Grained Guartzite, where as the northern
outcrop consists of interbedded sandstone.
There graded sequences and the sandstones
represent his intervals A and B respectively
(fig 26). Unfortunately he‘does not take
into account that he is dealing with an
overturned limb, so his results are con-
tradictory.

L, As to the environment of deposition, the
writer disagrees with both Spencer and
Klein, where the fine-Grained Quartzite
(uppermost boulder bed unit) is concerned,
Klein's description of the fine-Grained
Quartzite is accepted here and a2 new
interpretation for its environﬁent of
deposition is put forward. Two Tacies
were recognizéd by (Xlein 1970) in the
fine-grained quartzite:-
(i) Fécies 1 coﬁsiét of massi&e,.bedded,
cross—~stratified and rippled ornthoquartzite
(£ig26b). c \
(ii) Pacies 2 consist of siltstone and mud
crack, isolated flat and thick lenticular -
bedding, tidal bedding and burrowing
structures (fig26¢c),

These kind of facies cannot have been deposited from

either floating or ground ice, as suggested by Spencer

’ (1966). There is no doubt that the environment of deposition

is shallow water belonging to tidal to sub-tidal domains,
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It is accepted here that the Ffine-grained quart§ite
Irepresents a stage of deposition after the melting ice,
’in a new, much warmer environment. The change in the
direction of the cross-bedding is an evidence of the
instability of the water surface at the time of tﬁe'
deposition of the Fine-grained Quartzite. The,bouiders
of the granite in the quartzite are én evidence of still
bigger rivers or a further glacier to the north still
capable of supplying the Upper Portaskaig Boulder Bed
with these boulders; the locality of the 1anq to the
north of Islay which supplied these granitic boulders

is debatable. another evidence to the shallow water

_or epicontintal deposition of the Ffine-c¢rained guartzite
are the mud cracks, which also indicate a change from
.cold climate to a warmer one. This evidence is present
in the Dolomitic Group: the presence of mud cracks and
~abundant algal stromatolites are evidence of shallow
water or even an intertidal environment, witp much warmer
'élimate favpurable to the algal stromatolites., The
Dolémitic 6roup is remafkgbly of large th}ckness,'and
the above-suggested conditions of a climate changing
}rom glacial to marine (warm climate), are favourable
+to the deposition of the dolomitic Group.

3.3 The Islay Quartzite (main quartzite) of the Middle
-Dalradian, has a maximum thickness of 3 km, it dis a -
bgbbly orthoquartzite, well sorted, cross bedded, becoming
coarse and Tlagegy at its top to the south-west. The
4'qdéftzite thickens at the centre and thins towards the
ﬁbrth-edst and to the south-west. This thinning is

stratigraphic as well as tectonic and reveals the shape



5f5§250) of the Middle Dalradian Trough. Knill 1963 has
'%ttributed the thinning of the quartzite to the north-east,
1%0 the swing in the strike; Litherland (1970) confirmed
'}h;§. The following features of the Islay Quartzite

%re illustrated'and recognized in (fig 27).
; The sediments of the Islay Quartzite are an indicator
?f a shallow water environment (Bailey 1930) (Pettijohm
i957). The source of the Middle palradian has been

b

regarded here as to have been derived from the west and
’north-west (fig 27) directions as proposed by Sutton

‘and Vatson (1955) Watson (1963), Knill (1963) and Spencer
(1966)

{ i

. A deltaic environment was proposed by Knill (1963)
%fig 27). This delta is fan shaped; the coarse material
~ﬁas brought down to its front by the current of the main
rivers, feedlng the Dalradian Trough in the form of
turbldity flow.
,?.h The Jura Slate, may represent a dceper Qater, a
éustatic rise in the sea lévei, or a generai decrease
‘in the upper group of the Middle Dalradian.
A3 5 The Scarba bonglomerate, rcpresents\condltions of‘
' yigh relief and consequent rapid erosion. The sediments
ére a conglomeréte interbedded with gray calcareous
éhYllites. This raises a new argument concerning the
énvironﬁent, of deposition of the conglomerate, namely
réhether the coﬁglomerate is deposited by subaqueous
éurbidity flows and slides, along the edges of the trough.
'3.6 The Port Ellen Group. This group follows the

4§carba Conglomerate; it consists of limestone at the

?ase followed by phyllite, becoming interbedded

¥
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with quartzite (flagstone). The base of this group

: klimestone) is correlated with Degnish Limestone (Section
‘hrof this thesis). The presence of limestone and black
’phyllite is suggestive of quiet, restricted conditions
with little current flow introducing coarse' detritus

into the sedimentary basin. A period of more £urbu1ent
conditions followed with extenéive penecontemporaneous
erosion resulting in the deposition of the iLaphroaig
group. This céarse faciés could be the result of a '
period of rapid'erosion; the limestone top of this-

group would represent deposition in quiet water again.

The Laphroaig Formation and the top part of Port Ellen
Yhyllite are correlated with Ardishag;Craignish Phyllite
(Section 4), 1In Islay the Laphroaig Group is represented
by a thick quartzite interbedded‘Qiﬁh phyllite, and sandy
limestone at its top, while in Knopdale and Loch Fyne

the same group change to dark phyllite and dark limestone
at ‘their top. This change in facies along the strike of
the trough is well recognized and noticeable in the Middle
Dalradian sedimeﬂts and is mostly attributed to the shaﬁé,.
éfﬂthe Middile Dalfadian Trough (fig 28).

‘3-7 The Ardmore Conglomerate is largely made up of
locally derived blocks of limestone, dolomite, quartzite
and 'phyllite (plate 35) embedded in a gritty matrix. The
conglomerate is polymictic, and is a product of erosion. -
The limestone clasts are the result of local erosion and
deposition not far from the source area. The conglomerate
‘becomes pure quartzite at the top and passes upwards into
?he Ardmore Grits. The latter are dominately turbidites,

forming coarse-grained, graded beds. A fine-grained facies
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of dark siltstonc ‘is developed at the top of some of the

‘grits., The sediments indicate a quiet water environment

S TP PN T SN

,'Of deposition (Bailey 1930) with little Yurbidity. No
lpalaecurrent data are obtained from these grits. Knill
in Kilmamptin (1963 fig 27) suggested southern-flowing
'current; this is still not certain since the fine-~grained
‘rock beds have variable current direction.
‘4, The Thinning of Sediments
""" As seen from the description of sediments in Section
‘2 and the conditions of deposition discussed above, it is
‘clear that there is a dramatic thinning of the sediments
“of the Lower Dalradian as well as the Middle Dalradian

"to the south-west, and an absence of certain units (fig 24

" and plate 11). This has been attributed to stratigraphic

‘conditions and later important tectonic effect (sce
’Section 5 for more detail). 'The stratigraphic thinning
f':'Ls demonstrated and proved by the disconfbrmity in the
‘Lower Dalradian between the Baharradail Phyllite, Bally-
- grant Limestone and Port nan Gallan Limestone. The
‘ diéconformity is a result of local uplift in the south-
“west as a result of a rising block (fig2hkb). The local
break in the Lower Dalradian and the break in the Boulder
' Beds (between its middle and Upper Boulder Bed) of the
Middle Dalradian, has been attributed to rising blocks
57(f1825b) to the south-west and north-east respectively. .
~~’"31T§e“éediments of the Lower Dalradian in the north-east
“dfe hot‘seen beyond Islay, due to the steep plunge of the
'Isiay Anticline. The thickness of the sediments in crest

of the fold is very big due to the fold structure; for

this reason the writer find that Spencer's (1966) estimate



i

~.
s,
7

61

*

‘of the thickness of the rortaskaig Doulder Bed occupying
partly of crest the Islay Anticline is exaggerated thick-
ness, while the proposed thickness by Pitcher, Kilburn
and Shackleton (1965) is more reasonable.’

The middle Dalradian in Islay and Jura represented
by the Islay-Jura Quartzite, and the Boulder Bed, thin
towards tlhie north-east and the south-west. The quartzite
forms a lenticular shape (its strike swinging) to the
north-east where the quartzite thins out in the Balla-
chulish completely. The swings in the strike is due to
the emergence of a new block to the north-east, which
‘contributed to the uplift of the Boulder Bed, followed
by erosion as described (Section 2, p. 41). This upliTt
resulted - in facies changes towards the south-west and
north-east. In general all the Middle Dalradian facies
change along the strike of the trough from south-west
'tbéthe north-east,

Tectonic thinning in the Middle VDalradian is also

'T'bf:gieat ihportance. Two major thrusts, the Loch

Skérrdlbuaﬁd:ﬁéinn'nhann Thrust, played a Pig rolé:in
this (map 1). Both thrusts are correllated to the Fort
William Slide and the Balltay Slide respectively (fig 49)
(for~details see Section 5). Stratigraphic columns
havegbeen constructed from the type localities in the '

Lower and the Middle Dalradian, to show the stratigraphic.

—.._thinning and also sliding out along the south-west, north

east.direction.
5. iUnconformities
Local unconformities have been recorded and described

from both the Lower and Middle Dalradian. ‘the only break



in £he Lower Dalradian is represented in the south-west
‘by a disconformity, sedimentary slumps (fig lland plate 11)
and a zone of conglomerate. ' Four major breaks are
<'recorded in the Middle Dalradian. The boundary between
the Lower and Middle Dalradian is a major disconformity
(Rast 1963). The second disconformity in the Middle
Dalradian a break in the deposition of the Boulder Beds,
between their middle and upper groups represented by a
zone of conglomerate. This disconformity is the result
of a block starting to rise to the north-east and controlling
the shape of the Middle Dalradian Trough. The third and
fourth breaks are represented by the Scarba Conglomerate
‘and Ardmore Conglomerate respectively.
Models of a Dalradian trough have been attempted
by many workers in order to solve its problems by working
in higher members of the Dalradian succession. For example
Knill (1959-1963) has cited evidence for a shelf margin
near the Uender-Loch - Islay line in the Ardraishaig
Phyllites and thé Ta&vallich Lime;tone. On'the other.hénd.
. Roberts 11966) suggesfed the axis of the Upper Dalradiah"'
trough lay to the south-east of tﬁe'present LLoch Awe
syncline. Both authors find evidence of axial and lateral
‘support. Sufficient to add that the present position of
Islay itself represent the shelf, since evidence has been
Pﬁt forwvard for shallow water; tidal to sub-tidal and
.~ epecontinental deposition. The trough gradually expanded

from its early stages, into a major trough of the Upper

Dalradian.
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The Correlation of the Islay Succession
with the tHighlands (Ballachulish, Iltay)
and the Ireland Dalradian Successions

""Introduction

For a long time the Islay succession has been included
under the South-west highlands succession, that is Islay,
Perthshire and Iltay (Bailey 1922, 1934), Rast (1963),
Kennedy (1969) and Rast and Litherland (1970). In this

- thesis, the Islay succession will be dealt with alone, and
will be correlafed, with the Ballachulish, the Perthshire
of the Highland (Mainland of Scotland) and Ireland,

The Junction between the Dalradian Rocks and Torrédan-l
. dan ( M01nin ) in Islay is tectonic represented by the
Loch Skerrol's thrust (fig 1 ), as is the junction in
Ballachulish, and in Perthshire, where Bailey (1922)

- inserted the iltay Boundar Slide. This slide separates
the Perthshire and Ballachulish Ualradian in the western
highlands; for this reason it is impossible to trace
a stratigraphic Junction between these two successions
' Balley (192&) o o
’ ‘Attempts have been made to correlate the Islay Loch
Awe succession as one group, with Irelané on one hand,
‘agd the Central Highlands and Ballachulish Dalradian
Successions on the other hand. For example Anderson
(1948, 1953, 1964), Rast (1958, 1963), kKnill (1963),
., Kilburn, Pitcher and Shackleton (1965), Roberts (1966),
Kennedy (1969) and Rast and Litherland (1970). 1In this
section the correlation is explained further from the
- Stratigraphy discussed in (Section 2) and the stratigraphic

map (plate 1), it is proved that part of the Lower and

A

all the Middle Dalradian succession are represented in

T 1 e
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Table 2 .

1

Correlation of Islay Loch Awe Succession and Ballachulish Central Highland

Bailey 1922

Anderson 1948, 1953
.Ballachulish ‘

Knill 1963

Tayvallich Limestone
Crinan Grits

Shira Limestone

Fring Quartzite
Ardrishaig Phyllite
Easdale Slates

Islay Quartzite
Portaskaig Boulder Bed
Islay Limestone

Mull of Oa Phyllite
Moal an Fhithich Quartzite

. o .y

Cuil Bay Slates

Appin Phyllite

Apoin Limestone

Appin Quartzite
Ballachulish Slate

) Ballachulish Limestone

Transition Quartzite &-Schist

Loch Avish Grits
Tayvallizh Lavas
Tayvalligh Limestone

Crinan Grits

‘Arelishaig-Craignish Phyllite

(Shuna Limestone)
Basdale Slates
Scarba Transition Group
Scarba Conglomerate Group
Jura Slates
Islay Quartzite
Portaskaig Boulder Bed
Islay Limestone
Mull of Oa Phyllite

Moal an Fhithich Quartzite
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Stratigraphic Correlation of the Islay 4 J

Succession with the Ballachulish Succession

o Rast and Litherland (1970) suggested that the
Qallachullsh succession is represented in Islay. The
determlnation of the extension of the Lismore Limestone
lnto toch sinnhe region, Litherland, Rast and Litherland
il970), indicated that Ballacﬁulish rocks will be found
iﬁ Islay. )
| The first stratigraphic succession in Islay was

established by Bailey (1916) (table 1) and later confirmed

bY Allison (1933). However the stratigraphic units below

the rOrtaskalg Boulder sed were not clearly differentiated

Q .

and grouped as follows:
3. Islay Limestone
2. Mull of Oa Phyllites
l. Moal an Fhithich Quartzites

There it is proposed to break down of groups 2 and 3

into stratigraphic units, as described in Section 2, was

.Aestabllshed by Bailey (191%) (table' . ) and later confirmed’

,bY Allison (1933) However the stratlgraphlc unlts below

LN

,the Portaskalg Boulder Beds were not clearly dlffercntlated

and were grouped as follows -

a 3. Islay Limestone

2. Mull of 0Oa Phyllites

1. Moal an Fhithich Quartzites (
4The unit Mull of Oa Phylllte covers an areca of 20 x 6

I

miles occupying the core of the Islay Anticline Bailey (1915%).

’w;r

" The new mapping techniques used in this thesis demands the

BRI

Necessary break down of the Mull of Oa Phyllites into

smaller units and consequently a repetition of the succession



2 fold, named by the writer the Oa

—Anticline- and Having the same plunge as the. Islay .

by a large scale F

Anticline is demonstrated. In (sheet 19) there are
- considerable exposures of quartzite mapped in Central
Islay. These were not mentioned in the Geological Survey
Memoir (Wilkinson, 1907). Bailey (191%) referred to these
exposures as fine-grained quartzite interbedded with
;ﬁhe Mull of Oa rhyllites. This quartzite was recognized
and proved to belong to Cnoc Don wuartzite (figlh section 2 )
sequence,

The rortaskaig Boulder Bed is a marker unit within
7the Dalradian succession, separating the Lower and Middle
Dalfadian. The Boulder ued is stratigraphically under-
lain by the Islay Limestone and overlain by a thick
formation of Dolomitic ﬁeds followed by a much thicker

- h-:;it of quartzite, ﬁﬁicﬁ correlates with the Central
Highland and Ireiand successions. The Moal an Fhithich
" Quartzite is correlated with the Glencoe Quartz1te of '

o ﬁéildchullsh. The rest of the Lower Dalradian of Islay

g ‘can be easily correlated unit by unit with the Ballachuligh
‘succession on one hand (Rast and Litherland 1970) and

with the Ireland succession (Pitcher and Shackleton 1966)

““on’ the other (table 3 ).

Four sub-units recognized in the Kintra Phyllite
-are the same as in the Ballachulish succession (Litherland
‘”'f 1970) A traverse from the contact of the Moal an I‘hithich
Quartzite to Kintra farm (fig 7 ) shows the following rock

sequence :-

e - Dark, gray phyllite _l over
turned
d - laminated phyllite, striped pyllite
with calcareous bands _I



Table 3

Correlation of Islay Lower Dalradian with Ballachulish & Ireland Succession

Basahel & Rast 1971
Islay Succession

Litherland 1970, Rast &
Litherland 1970, Balla-
chulish Succession

W.S. Pitcher & R.M. Shackleton

North West Donegal 1966

WVhite pale yellowish
Limestone

Banded Phyllite

Blue Limestone

Dark Graphitic Schist
Pale Phyllite
Quartzite

Pale, striped Limestone
Spqtted Quartzite
Banded Phyllite

Dark Slate

Yellow flaggy and Dark
Limestone

Dark Gray FPhyllite
Laminated Phyllite
Gray, black Phyllite

Banded Transition
Phyllite

Quartzite

DPort nan Gallan Limestone

Port nan Gallan Phyllite
Ballygrant Limestone
Baharradail Phyllite
Cnoc Don Phyllitel

Cnoc Don Qtz. Cnoc

" Don
Cnoc Don Lst. Group
Cnoc Don Quartzite

Cnoc Don Transition
Cnoc Don Slate

Kintra Limestone

d.
Coe
be

Qe

J' Kintra Phyllite

Moal an Fhithich Quartzite

Lismore Ldmestoﬁé

Cuil Bay Slates

Appin Fhyllite

Appin Limestone inter
bedded with Qtz.

Appin Quartzite

Ballachulish Slates

Ballachulish Limestone

Leven Schist

Glencoe Quartzite

e

-

Locghros Group
Falcarragh Limestone
L, Falcarragh Pelites

' Sessiagh Clon Mass Group

Ards Quartzite
Ards Transition Group
Ards Black Schists

Grees Lough Group
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¢ - Pale, yellow, sandy Dolomitic
Limestone .
Right -
b - Transition zone, banded phylliteJ‘ way
up
a - Moal an Fhithich Quartzite

The Central Islay and in particular the Cnoc Don
area (fig 14 ), represent a complete section of the Lower
ualradian. The Cnoc Don area forms the north-western limb

of the Islay Anticline, separated from the Oa Anticline

- by the Central Islay Slide (C.I.S.). A traverse cross

section from the south-east to north-west shows the

following units:-

| Bluish Limestone Ballygrant Limestone
Dark Striped Phyllite Baharradail prhyllite

Pale Limestone, impure

with Quartzite and
phyllite interbedded _[

Cnoc Don Group

Felspathtic yuartzite Cnoc Don Quartzite

Thin zone of banded phyllite Cnoc Don Transition Zone
Slate , ~ Cnoc Von Slate

Pale yellow, dark limestone Kintra Limestone

‘The same reéulf was achieved from traverses across

the north-western limb and eastern limb of the 0Oa Anticline

from the Kleinnan River (fig 14).

Thus it is clear that Islay is a good area to
establish the Dalradian succession, and in particular the

Lower and the Middle Divisions of it are well represented.

— The Lower palradian euccession shows an uninterrupted

~Sequence from the Ballachulish to the Perthshire

Succession, and that makes Islay a unique location for

the typical Lower and Middle Dalradian.

The writer suggest the following unit by unit

correlation of the Lower Dalradian of Islay

-
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Table L

The Correlation of the Middle Dalradian Succession in Islay

Islay

Central Highland
Bailey 1948 . Sturt 1961

Ireland (Kimacrcnan)
Pulvertaft 1961

Scarba Conglomerate
Islay Slates
Islay Quartzite

Dolomitic Group

" Portaskaig Boulder Bed

Carn Miirg Quartzite
Killiecrankie Schist
Schichallien Quartzité
Schichallien Boulder Bed

Knokateen Quartzite
Knokateen Boulder Bed
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hﬂ with the Ballachulish and Ireland (N.V. D°negal,(table 3 )

The Correlation of the Middle Dalradian
"succession in Islay

r;:
H
I
|

The whole of the Middle Dalradian succéssion is
described from Islay in (Section 2}, where the detailed
stratigraphy is discussed for each unit. The rock shows.
good outcrops with a virtually continuous exposure along
the strike. ‘he Portaskaig Boulder Bed is taken here as
4 marker unit for the base of the Middle Dalradian. The
lover fine grained huartzit§ was included within the

 Yortaskaig boulder Bed forming its highest member (Section
<=-2-p. 41). The following corfelation (table 4 ) has been
recommended to the units of rortaskaig Boulder Bed upto
-the Scarba Conglomerate.
The Scarba Conglomerate is overlain by the Port Ellen
. 8roup and the rLaphroaig Formation.

The Port Ellen Groun

c. Port Ellen Flagstone

b. Port Ellen Phyllite‘

a. Kilbride Limestone

The Kilﬁride Limestone is ééﬁd&, yéllow to gray. The

- Port-Ellen Phyllite is green, graphitic, thin psamtic and

calcareous beds 2 to 5 cm thick at its top. The Port Ellen
Flagstone is green chloritic interbedded with‘quartzite
beds up to 2 feet thick; the quartzite has a greenish
dirty colour, with graded bedding in some places.

The Laphroaig Formation

b. Kildalton Limestone
a. Laphroaig Formation

The Laphroaig Formation is a continuation of the Port
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Table 5

Islay

Kildalton Limestone
Laphroaig Formation
Port Ellen Flagstone'[
Port Ellen Phyllite |

Kilbride Limestone

Loch Awe Succession - Ireland
Shira Limestone

r .
Ardishaig-Craignish Phyllite- :} (Termon Schist)

D€gnish Limestone -

N EX RN
.

vt
L]

.
—~— ——

The Gartan Bridge Dalradian
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Ellen rlagstone but is discussed independently due to its
great thickness and different lithology and environment
of deposition. It consist of a thick quartzite with red
dolomitic phyllite interbedded within its top. The quart-
zite is fine to medium grained and preserve good graded
bedding. ‘the Kildalton Limestone is sandy, yellow to
gray in colour, its top is not seen due to the massive
epedionite sills.

The following correlation (table 5 ) is proposed for
the above-mentioned two groups.

.Ardmore Conglomerate

This conglomerate is 10 meters thick and consists of
boulders of limestone, phyllite and quartzite (plate 35);
in a sandy matrix. To the writer's knowledge, fhis con-
glomerate has no equivalent, in the Middle Dalradian of

{SCOtland and Ireland. The conglomerate passes upwards
into turbidite quartzite and grits (the Ardmore Quartzite)f
‘this quartzite, the top of which is not seen, has an
estimated thickﬁesé of abéut‘IOO“meters. The Ardmofe
‘Conglomerate and quartzite are correlated with the criﬁgﬁ

) .

Grits.

Conclusion

'fff' 1t is clear from the foregoing description (Section 2)
‘and (Section k) that Islay represents a continuous deposition
‘of* the Lower and Middle Dalradian without a major break in’

- the deposition., It has a unique position within the Dalradian,
és far as its correlation is concerned. A unit by unit
correlation in Islay with the mainland of Scotland and Ireland

is demonstrated., The writer'suggests the Islay succession
&S a type stratigraphic succession for the Lower and Middle

Da;radian for the following reasons,
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1. The Lower Dalradian and Middle Dalradian
(Rast 1963) in Islay, that is from the Balla-
chulish into the Perthsire succession, are
continuous sequences; nowhere else do:: we
wﬁfind this continuity to the top of the Middle
Dalradian.
2. Sedimentary features dre represented,
almost throughout the whole.
3. Transitional zones from one unit to
the other are easily identified in the
field. |
«~ 4. Most of the units can be followed con~
tinuously along the strike. The exceptions
are some units in the Lower balradian, that
are interrupted by tectonic slides.
5« Two major episodes of deformation are
associated with the Dalradian rocks of Islay
F2 and Fj fold Islay has escaped the major
deformation (P fold) of the mainland of
Scotland.
\
All the above points support the unique stratigraphy
‘of Islay, and a new correlation has been introduced with

Islay, as the type locality for part of the Lower and the

whole Middle Dalradian, with relation to the Ballachullsh,

A ¢ e ———

:;Central dlghland Ireland and Achil Island successions -

%j(Table 6. ).

. M ?
P A
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GENERAL DALRADIAN CORRELLATION .

Islay Succession
Rast and Basahel

Central Highlands
Bailey & McCallien
1937)

Loch Awe Succession
Bailey & Knill 1963

.

3

Table 6 -

Wést Achill Succession
PLJ. Kennedy 1969

Ardmore Grits

Ardmore Conglomerate
Kildalton Limestone
Laphroaig Formation

Port Ellen Flagstone
Port Ellen Phyllite
Kilbride Limestone
Scarba Conglomerate

Jura Slates

Islay, Jura Quartzite
Dolonmitic Group
Portaskaig Boulder Bed
Port nan Gallan Limestone
Port nan Gallan Phyllites
Ballygrant Limestone
Baharradail Phyllite

Cnoc Don Limestone Group
Cnoc Don Quartzite

Cnoc Den Transition Zone
‘Cnoc Don Slates

Kintra Limestone

Kintra Phyllltes

Moal an Fhithich Quart21te

Ben lui Schist
(Farragon Beds)

Ben Lawerg; Schist

Ben Eagach Schists
Perthshire Quartzite

Schichallion Boulder Bed

White Limestone
Banded Group
Dark Limestone
Dark Schist

Crinan Grits

Shira Limestone

Ardishaig-Craignish
Phyllites

Degnish Limestone

Easdale Slates

e

Ireland Succession o
YcCallion 1935, Pitcher and

. Shackleton 1966

Achill Head Grits &
Phyllite

Keem Limestone

Keem Conglomerate
Dooagh Schist
Croaghun Quartzite
Slievemore Dolomitic
Doogort Boulder Bed
Doogort .Limestone
Doogort Schist
Doogort Quartzite

——

Cranna Quartzite (Kilmacremnn
Grits)

Terrmon Formation (Cranford
Limestone)

Slieve League Formation
Slieve Tooey Quartzite

Boulder Bed

Dolomite of Fanda
Loughros Group
Falcarrngh Limestone
Falcarrngh Pelites
Sessiagh~-Clonmass Group
Ards Quartzite

Ard Transition Group
Ards Black Schist

Altan Limestone

Cregsloﬁgh Group S

,' (\‘_\ : : " ‘
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Introduction

A - Structural Work in Islay

.+, - The first real structural work to emerge was the of
Bailey (1916) in which he interpretated the rocks in

fe;ms of the "Islay Anticline." The Anticline pitches
north-east ward, with a .core of Moal an Fhithich Quartzite
?nd)(Mull of Oa Phyllite), flanked by successively higher
qqmbers of the sequence, upto the main Quartzite (Islay
qurtzite) to the north-west and up to still higher

Ardmore and Laphroaig Quartzite to the south. Green
‘(1924), however, suggested a synclinal structure complicated

»vby;{sclinal folding. He inverted Bailey's sequence and

%ntroduced a large unconformity below the Portaskaig
‘Boulder Bed. Gregory (1928) accepted most of Bailey's
%pﬁgrpretation of the structure and sequence of that part
‘Qf%Islay which lies between the Loch Skerrol’s thrust and
Eg?h(Beinn Bhann fault). He rejected the Moal an Fhithich
ngﬁtzite as an independent formation, but regarded it as
'ffﬁkngnfaultgd outlier of. the lower qQuartzite, and in this

 €3}£oﬁed (Milkin§on 1907). He refers. to the: succession

'i¢§§£!0f the (Beinu Bhann fault) as the Maring quertzite

'*(;ﬁiﬁy Quartzite). This is distinct from the main
quartzite of north Islay, in that it is older than the
Hg%;\of‘Oa Phyllite of Wilkinson (1907) and it is followed
eastward by an inverted outcrop of still older formation,
Jura Slate, Port Ellen Phyllite. Elles and Tilley (1930)
accepted the succession of Bailey and agreed with him

ﬁ%ggﬁthe structure of Islay is an Anticline. They, however,

Separated the Moal an Fhithich Quartzite from the Mull of Oa

Phyllite (kintra Phyllite of this thesis) Ly the continuation
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of the Loch Skerrol's Thrust. Peach and llorn (1930)

also accepted the greater part of Bailey's ideas on the

*structure of the Island. Peach still holds, however,

that the Jura Slates are an upfold of the Port Ellen
Phyllite, and that the Scarba Conglomerate is a dbwnfold
of the Laphroaig Quartzite. “The Moal an Fh{£hich Quartzite
he considers as a downfaulted portion of the Main Quartzite
(Isiay Quartzite). Allison 1933 used the way up criteria
and demonstrated to Green and Gregory that Islay Quartzite
is younger than the Portaskaig Boulder Bed, and Islay
Quartzite youngs up into the Jurd;SIate and Scarba Conglom-
erate, |
B - Dalradian Structuré

The modern investigation and analytical approach to
the structural problems of the Dalradian originated from

the establishment of criteria by Clough (1897) for deter-

Mining the structural history of deformed rocks by using

Small scale structures, and the claim that such structures .

to a certain extent reflect the form of the major structures.

Vogt (1930) introduced the use of sedimentary structures

such as graded bedding and currensbedding to detcrmine

-Stratigraphic order. Shackleton (i958) introduced more

sophisticated techniques (facing of structures) by studying
felations of sedimentary structures to the small-scale
tectonic structures. These approaches have recently been
Psed.ﬁo distinguish various phases of deformation (e.g.
Rast f?Sg, Sturt 1961), Johnson 1962), Roberts 1963,

Treagus>196h and Litherland 1971),

In 1922 Bailey proposed a structural synthesis covering

i

ISlaY’ Loch Awe and the Ballachulish. In it he interpretated

the Structure in terms of three pPrimarv recumbent folds.

-



Fig 29

The Southwest Highlands

0 10
miles
Upper Dalradian ILTAY B.S. Ballachulish Slide
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FOUNDATION

Appin




Dflradlan of these areas into three nappes as follows (fig “9)

3

. ‘Loéh Awe Nappe;
{“éiitay Nappe;s
7‘ﬁéllappel Foundation.
Théifﬂree Nappes were compééed of three difference successions,

ijt can still be correlated (Scction 4). The Loch Awe assemb-

TE
1ﬂge forms the upper limb of a primary recumbent fold, the

lé;er41imb of which is cut out by a slide. The Iltay Nappe,
stéué%urally underlying the Loch Awe Nappe, is folded into
two major recumbent folds, the Ben Lui Syncline, and the
°Verlying Carrick Castle Anticline., The Ben Lui Fold,
closing to the north-west, links the Islay sequence to fhe
Loch Tay Inversion., The Ballappel Founlation consists of
two recﬁmbent anticlines facing south-éast, called the
Ballachulish and appins Nappes. The two Nappes are separated
from the Islay Anticline by the Iltay Boundarx slide and
Loch Skerrol's Thrust. The work of Bailey has remained at
“~the base of large scale structural correlation.
Recent‘ﬁécﬁniqnes involved the mapping of seésxqf
cleavages.and.éssociated fold axes which maﬁe up the défof-:s
mation phase. ‘rhe techniques define several phases of
defofmation Fl’Fz’ FBetc. The first phase of deformation
F,folds has been recognized in Bailey's Nappes. The Islay
't Anticline Bailey (191%), the Loch Awe Syncline Roberts (1963)
30Fy, and Ty folds

Structures have been reported by most workers (Rast 1963),

:L*and the Tay Nappe Shackleton (1917) FooF
O
Tepresent progressively weaker phases, of deformation. Fa
fold is characteristic of the cross folding of the Central
Highland (Rast and King 1957). Fh folds form sets of strain-

slip cleavages (Roberts 1966).



The work of Bailey (191%) and the work of Roberts (1963)
related to Islay structures arc discussed later as the
author rejects the proposal put forward by Bailey and
accepted by others, that the structures in Islay are the
first phase deformation. ‘the conclusion reached in the

present work is that Islay represents a second F2 phase of

‘deformation., This conclusion, drawn entirely from the

detailed study and mapping of the southern part of Islay
sheet (19 and 20) is based on the following cvidences:-
1. The second cleavage is main cleavage in
Islay.
2. In many places the first cleavage has been
folded by the second defgrmation.
3. At the core of the Islay Anticline down-

facing structure show F, fold having been folded

1

by F, structures.
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A - The Large sScale Structures

The Dalradian structural history of the area involved
‘four major phases éf folding of which only the F2 are the
iarger folds with wavelength greater than a mile and

longitude of more than 25 miles. The major folds of Islay

have a south-west north-east trend which is direction of
Islay Anticline, and which was established by Bailey (1916)
in his Islay Anticline. No Fl large scale folds have

been reported in the area mapped, but further to the north-

east and in particular near floch Lossit and on Kiells

Moor (C.R. 4489), F, folding is recognized from downward

1
facing structures established in the current bedding, the
later is inverted and cut by steeper S2 cleavage., F3 and
Fq‘are relatively weak phases in Islay Dalradian Rocks.

General discussion of the large scale structure will
be put forward in order to obtain a structural synthesis
?or Islay in particular and the south-west Dalradian

Structures in general. ‘ihis will be followed by a detailed

discussion of each individual structure.

The Islay Agticline (Antiform) (fig30a)
The Lslay Anticline is the léféegt séructure in Islay

Bailey (191%). It is marked by the repetition of the
'successions of the lower and part of thce middle Dalradian
.Rocks, acro;s its axial trace. The most marked horizons
are the Islay Quartzite, the Portaskaig Boulder Bed, the

T*—.— Port nan Gallan Limestone and the Ballygrant Limestone.
The Dresent’mapping reveals the fold as plunging steeply
40 : 50 north-east wards, The whole Lower Dalradian dis-

appears as well as part of the Middle Dalradian Rocks

(Portaskaig Boulder Beds anda the Dolomitic Group beneath
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the Islay Quartzite in the Sound of Islay. The c;osure of
the Islay Anticline is well seen.in tﬁe Choc Don, marked
by the closure of the Cnoc Don wuartzite, Cnoc Don Slate
and Kintra Limestone, where the trend of its axis is
established and well defined. At Cnoc Don the closure‘of
the Islay Anticline is partly removed by a slide (Central
Islay Slide), ;hich brings the younger rocks of ﬁaharradial
Phyllite in contact with the Cnoc Don Slate, Cnoc bLon
Quartéite and Cnoc won Calcareous Group.
The following features demonstrate the Islay Anticline:
i The stratigraphic succession youngs away from
the core of the Kintra vLimestone in the Cnoc Don
area., This is seen from graded uand current bedding
in the Cnoc von Quartzite. The rocks young to the
north-west in the overturned limb.
ii South-east of Beinn Bhann the Islay Quartzite
youngs to the.south-éast, forming an upward facing
"sequence, -
iii 1he repetitlon of the stratlgraphic succession
of the Lower and Middle Dalradian to the south-east'
and north-west. The most important horizons involved
are Islay Quartzite, and the Portaskaig Boulder Beds.
the Dolomitic group and‘fhe whole of the Lower
Dalradian (Section 2). 1he repetition of the Islay

Quartzite and theqyortaskaig Boulder Bed have been

established by Bailey (1916) and allison (1933).
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The Oa Antlcllne (fig 30b)

The Oa Anticline is the second largest structure in

‘the area, and stretches for about twenty miles. The Anti-

Ccline can be proved in the two districts the Central Islay
and the Oa. In the first district, and in particular in a

water fall of Kilennan River (G.R. 3858) a closure of this

_ fold is well seen (plate 16). The Oa Anticline is marked

byvthe repetition of the Kintra Limestone, Cnoc Don wuartzite

and Cnoc Don Group. In the Oa district, the Anticline_is

¢
L.

‘marked by the repetition of the Kintra rhyllite and the

Kintra Limestone. This can be seen in two localities:

' aF the Kintra Farm the phyllite shows younging to the north-

. and overturning, in the Lower Killeyan Farm (G.R. 2747)

the laminated phyllite youngs to the south-east with a
transitional zoune younging towards the Kintra Limestone
‘SQch-east).

The present mapping reveals that like the Islay Anti-

Qline, the Oa Anticline plunges-50—600 to the north-east,

1he trend of the plunge was best obtained from- the closure.

- of Fhe anticline in the Kilennan River., To the south-west

.

,%q“the va district the Oa Anticline plunges gently to

fhg north-east by 20-300. This suggests the disappearance

of the successions to the north-ecast.

The Central Islay Slide (Map 1 & 2)

. The symmetrical repetition across the axial traces of

the Oa Anticline and the Islay Anticline ceases in the north-

A

West limb of the first (G.R. 3759) and in the eastern limb

ygf;the second., ‘Instead of the Cnoc Don Quartzite and Cnoc

PAA L

p??gLimestcne Group on the eastern limb of the later, flaggy

‘limestone belonging to the Ballygrant seaquence are in contact
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’iii The slide cuts through the Fz,folds. This can be
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with Cnoc Don Slate (map 1 ). This asymmetry marks the

Central Islay sSlide. The north-east of the Islay Anticline

closure, the Cnoc Don yuartzite and Cnoc Don Limestone arc

in contact with the Baharradail Phyllite. A zone of shear

marks the line of the slide in this area, The slide passes

ﬁqwn to the south-west separating the Islay Anticline from
the Oa Anticlinc. The exposure in Central Islay is poor

when the slide passes, covered by superficial depositsy

the slide appears at Knockangle Point (G.R. 3151) only to

disappear in the sea of Laggan Bay; it reappears again

in rort Alsag (G.R. 3148) and continues up to Dian Mor

- Ghil (G.R. 2845). The slide was established from the

detailed mapping and a study made along the line of the
slide. The following observations were made:

i In Central Islay the discontinuity of the stratigraphic
Succession on the north eastern limb of the Oa Anticline
and the discontinuity of the stratigraphic in the south-
eastern limb of the Islay Anticline marks the slide,

ii In the Oa district, the discontlnulty is Letween the

Kintra Phyllite and the Kintra Limestone \map 1 ). further

“to the south-west the top unit of the Kintra Phyllite dis in

‘ Cpptact with the Moal an Fhithich Quartzite. The discontinuity

Can be traced from the Cnoc Don in Central Islay to the

"Din Mor Ghil in the south-west.

--...Seen from the reclation of the small scale folds to.the

Cleavage.
iV;? Shear =zone foliation is seen in and when the
Outcrops are good (plate 37 ) these foliation and S,

Cleavage are parallel.
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The slide is curved around the core of the lslay

Anticline in the Cnoc Don area. The curvature is of a

vlater deformation, but is still associated with F2 defor-

‘mation., As a result of this curving the Baharradail

Phyllite is thrust over the Cnoc Don wuartzite, Cnoc Don

Limestone Group and Cnoc lDon Slate, with south-eastern

movement along this plane (map 1). The Central Islay -

- slides runs parrallel to the Islay Anticline axial plane.

This suggests firstly that the movement started pre“F2

i.e. a movement which occurred prior to the second phase

of deformation. Secondly, that the movement continued

during the second phase of deformation. Both hypotheses

are arrived at from the field 'evidence, summarized in the

- following points:

i. In»many localities, however, the S, cleavage, the shear

2
zone (foliation) in the slide and the small scale
slides in the Kintra rhyllite are—parallel (fig 31and
plate 39 & 40)..

ii The éiidé‘has Been féldéd.in~goﬁé.places iﬁ thé
same éty;é ég'Fz.folding.

A\ . *
The recognition of the Central Islay Slide is of great

‘importance in establishing the stratigraphy and defining

the general structure in Islay, where it separates two
large scale antliclines, the Islay and the Oa Anticlines,

Llles and telley (1930) extend the Loch Skerrol's

-Thrust to the Oa, where it passes separating the Moal and

Fhithich Quartzite from the Kintra Phyllite (Mull of va
*hyllite of Wilkinson 1907). The present worker has
Proved in section two that the junction between the above
fwo units is of a stratigraphic, and for that reason the

¢xtension of Loch Skerrols Thrust to scparate between the

}

. ,Moal an Fhithich Quartzite and the Kintra PhYlllte is redected' J/
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instead it is proposed that the Central Islay Slide is
dCcupying the plane between these two units as what shown
in (map 1 ). The Loch Skerrols Thrust passes to the north-
west of the Moal an Fhithich wuartzite.

The Mull of Oa Slide (Map 1 and 2)

The Mull of Oa Slide is responsible for the removal of
part of eastern limb of the Ua anticline, and the thinning
of the remaining successions. The Mull of Oa Slide passes
from the 300 meters south of Kilennan Farm (uv.R. 3857) to
the Mull of 0a (map 2 )., It has been folded in the same
style as F2 folds, This suggests the same movement as in
fhe Central Islay Slide, as well as its age. Along the
eastern limb of the Oa Anticline, tﬁe Cno¢ Don wuartzite
has been completly cut out, except for one small out crop
(G.R. 3245) where we can see the continuation of the Cnoc
Don Quartzite retained. Along the Slide plane the Kintra
Limestone are in contact either with the Baharradail

m.?ayllite or tpe Ballygrant Limgstope. The Cnoc Don Slg?q
and Cnoc qu Limestone Group‘are completely cut from the
Céntra; IsléY-élogg the Slide plane and iq the Oa their .
outcrops retained in two localities, in Mull of Oa 400.
m‘é'ters to the south-east (G.R. 2841) and in (G.R. 3245).

“The Céntral Islay Synform (fig 30c)

The Central Islay Synform, as its name implies, occurs

‘in Central Islay, separating the Islay and the Oa Anticline.

df“*The synform allows to elucidate the stratigraphy as wéll as
the structure of the Dalradians in Central Islay., Its north-

vest limb is cut out by the Central Islay slide; the south

eastern limb, however, is retained. The structure of the

‘SYnform is distorgqg_by the fold of the Central Islay Slide;
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in the vicinity of the closurc of the lslay Anticline, the

» ;
woldest rocks appear to occupy the core of the syncline.
i

The Mull of Oa Antiform {fig30c)

The Lower Dalradian in the Mull of Oa (Xintra Phyllite
and Kintra Limestone) has been interprefed in this thesis
as an antiform marked by the repetition of the Kintra
Phyllite and the Kintra rimestone (map 1 )., The interpretation
is based on the detailed study of a particular area, and is
“vital to the interpretation of the stratigraphy of Islay
Dalradian successions,
The following observations were made:
i 200m to the west of the Monument on the Mull of
Oa the limestone and the phyllite adjacent to it
are both younging to the west, while the succ-
ession as a whole in the Lower Xilleyan (G.R.
2743) youngs to the south-east.
ii The succession east of the Monument youngs to
the south~east. This conclusion was deduced
from the cleavage relati§nship as wéli as the
J!J: " : ' gréding{
h .. \
| - iii A cross section (fig8 ) shows that the succe—

ession dids in its correct stratigraphic order.

The Allallaidh Syrform (Map 2)
The Allalladh Synform has a south westerly plunging
¢losure, which can be picked out in the outcrop of Port nan
- .Gallan Limestone in the Allallaidh (G.R. 4158) and_in the
Stream adjacent to it. The structure is complicated due to
later deformation (F3 yF), etc.) and latter by recent faulting.

- The following points confirm the existance of the synform:

RN
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i The core of the fold is occupied by the Port nan
Gallan Limestone, and flanked by the Port nan Gallan
Phyllite.-

ii ‘The Frort nan Gallan Phyliite in the Allallaidh (G.R.
4158) stream strikes towards the ﬁort nan Gallan
‘Limestone. This is the consequence of later  faulting
and deformation such as F3 and Fu etc. In the above
area the Limestone has been brecciated (plate 22)
and shows early cleavage (foliation). This early
clcavage is an indication of an early deformation
prior to faulting. ‘The latter is the latest defor-
mation in the southern Islay, and has the same trend
as the normal faults of the area. -

1ii To the east of allalladh a north-easterly plunging
antiform is inferred; this is the Loch Allalladh
Antiform. A small outcrop of the Port nan Gallan
Limestone, and rortaskaig Boulder Bed appear on the
castern limb of the structure, confirming the
proposed antiform (map 1 and é). '

iv ‘o the ;orth of. the foch Allalladh the rortaskaig

: A .
Boulder Bed and the Port nan Gallan.Limestone thin-
out and disappear completely; instead the Port nan
Gallan Phyllite is in contact with Islay uartzite
as far as Sound of Islay. all this is attributed
to the intervention of the Beinn Bhann Thrust.

T ....Loch Skerrol’s Thrust

The Loch Skerrol’s Thrust was first recognized by the
Geological Survey Wilkinson (1907), and later confirmed by
Bailey (1914). The thrust follows a sinuous south-westerly

Course (fig 1 ) from Bam-an Uillt on the east shore of Loch

-
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Gruinart to the south-west of Laggan Bay. In the arca mapped
in this thesis (sheet 19)(of the Geological survey), the
thrust is concealed mostly under the superficial deposits,
and there is no actual contact between the Bowmore Sandstone
and the Dalradian rocks, exccpt on the locality of the
Tallent Farm (G.R. 3358) where the Skerrols Thrust has
been faulted by a normal fault. Here the Dalradian
Portaskaig Boulder Bed and the Port nan Gallan Limestoné,
have been sheared, a guartzite belonging to thelrortaskaig
Boulder Bed has also been cleaved and slightly sheared,
together with the schist of that unit. The Port nan Gallan
Limestone shows isoclinal folds which are associated with
the F2 deformation. Thé rockg at the Tallent Farm are'
folded into ‘rallent Synform, which is later cut by a normal
fault situated along its axial plane. The Loch Skerrols
Thrust curves around the synform in the same style as the
Central Istay Slide does around the Islay Anticline, which
is of the same age and same utyle of deformatlon. The the
.lsoufh-west at Laggan Bay, the Bowmore Sandstone outcrops-
there’ 1S.no.éviden9c to support the existence of the Loch
\ . ,
Skerrol’s Thrust in that area, and in the same time we cannot
eliminate its persistence to the shore of the Laggan Bay.
The Loch Skerrol's Thrust planc dips to the east south east
beneath the Islay wuartzite; this is well'seen,in the north,
and in the Tallent Farm. The plane is marked by a sheer .
5‘f«zone and well observed north of Loch Skerrols; it continues
up to the north at Ban-an Uillt., The overturned folds with
north-west ward direction above the thrust plane suggests

the thrust plane as well as its movements ‘to the south-east.
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.

The Beinn Bhann Thrust (maps 1& 2)

The Beinn Bhann Thrust is important in the interpretation
of the Dlaradian structure and the stratigraphy of Southern
islay.* It extends inland in a.southeyly direction from a
point on the Shore of the Sound of Islay (G.R#4366 ) a little
south of An Meall to the Oa "Port nan Gallan Bay." The
Geological Survey (Wilkinson 1907) recognized the Beinn
Bhann Fault from the Sound of Islay to Beinn Bhann. This
has been confirmed later by Bailey (1916). The detailed
mapping carriéd out by the present worker proves that this
is another thfust, the same as the Loch Skérrol's Thrust

and originated during F, deformation.

2

The following points sugéest this :-

l. To the east of Loch Allalladh, the quartzite has
been shattered and shows a sheared quartzite and
'breccia zone, The shattering and tectonic bre-
cciation are followedlas far south as to the
Port.nan Gallan Bay in thq Og:. The quartzitg_in
thé»latter.locality'has been mylonitized, and the
‘myldni£isétion'extends to the east for aﬁoﬁf'zod
meters,

2. Partof the Lower and Middle Dalradian have Dbeen
thrust beneath the Islay Quartzite; this has been
recognized in thé following localities:

i in the Loch allallaidh the Islay Quartzite is in
contact with the Port nan Gallan Limestone, which
is represented by a limestone of few meters in
thickness. TFurther north, up to the Sound of Islay,

the Islay Quartzite is in contact with the Port
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nan Gallan Phyllite. Here three thick units

are missing, the Port nan Gallan Limestone, the
Portaskaig boulder Bed, and the Dolomitic Group.
The non-existence of these thick units from the
eastern side of the Islay Anticline can only be
explained by a fault thrust, since there is no
evidence of any other alternative.

ii South of Loch allalladh, the missing units, the
Port nan Gallan Limestone, and the Portaskaig
Boulder Bed, and at G.R. 4157 the Dolomitic Group,
appear again, ‘the latter unit does not extend.
beyond the above locality further than about 200
meters. The Plortaskaig Boulder Bed and the top
most units of the Lower balradian, the Port nan

- Gallan Phyllite and Limestone thin to the south.
The thinning of these units, have been explained in
Section 3 as beiﬁg partly sedimentary and partly

tectonic thinning.

" 3 in the locality between Moal nan Cavrach (G;ﬁ.lj855):

.andrhpal Mheqdhoin (G.R. 3852), the contact.between,'i.;

the Islay Quartzite and the \Mull\of Va Ph&llites)
of the Geological Survey in sheet 19 is of a tectonic
contact (thrust) and not stratigraphic.

4 The fold styles in Islay wuartzite are mainly tight
recumbent F2 folds. The thrust line has been fo;ded
with F2 deformation; which suggests tlhie same age
as the slides in the area.,

The views of the present worker expressed in Section

(5 A and 1B) on the interpretation to be assigned to the Islay

Anticline differ from those of Bailey (1916). »pailey proved
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that Islay is an anticline on stratigraphic grounds. Bailey

did not go into the detail of the structure of the area

concerned, and included the Islay structure within the

major F, structure deformation in the south~-western

1
Dalradian Calé&dnian Belt. This view has been accepted

by several writers for example Roberts (1963) and Litherland
(1971). ‘rthe present interpretation (Section 5B) proposes
that the second deformation is the main one with S2 axial
plane cleavage to the Islay Anticline and the Oa Anticline;
Sl cleavage where it is scen in the core of either of

these two anticlines has been folded. The term composite
hés peen assigned to the cleayage where only S1 and 82

\
.

arc seen parallel to each other.
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B -~ Detailed Structural Description

. Fl Deformation

y‘ F, events in Islay are not of great deformation, and

few direct traces of the Fl folds are preserved. 7The Fl

folds are isoclinal tight folds, having variable: plunge.

No large scale Fl folds have been recognized in Southern
Islay, while in the Northern part of Islay on the closure of
.the Islay Anticline, Fl folds have been detected. In the
area around Loch Lossit, 1'. Wadsworth (B.Sc. Thesis the
University of Liverpool) reported the existencg of recumbent
. folds having F, deformation (Section 5 P79). ‘The mimor-folds:
i features lhere are preserved in tight Fl'synclinal
rlater’overturned by Fz. fhe above-menticned locality was

visited by the present worker where F. has been confirmed,

1
and a detailed cross section to the above locality has
been drawn (fig 48).. |
S, Cleavage (fig 32)

51 UIeavgge is mapped in the Scuthern Islay and is

. '§911 recogniged in tﬁe Islay Quartzite, where the rock is

' quaﬁing on‘Sl, In general it has £he‘sa@e stfike'as the

. <
5 dip to the south-east, but with varying

2; both Sl and 52

angles. In the phyllite the Sl cleavage was very difficult

. to map except in the psammite lammellae where it still
Preserved on the limb of the limbs of the minov folds (fig3la).
S, cleavage in most localities is folded by later deformution

‘»L”ﬂ(Fz ) with pronounced S, cleavage (plate 56 ). Relict

siliceous Fl folds in the Kintra lLimestone, which are atten-

uated in the limbs, still preserve.the original (real) Fl

structure (fig 33).

e



Relict siliceous F1 folds in the Kintra Limestone
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F2 Deformation

' The F2 phase established the fold pattern of the Islay
Rocks on a large scale, forming a series of structures of
about 6 km in wavelength and over 40 km in amplitude. All

the folds are upward facing on S, and are generally over-

2 %
folded to the north-west. They present large scale buckling i
of sedimentary layers. During this buckling, the layers
were subjected to internal strain which, resulted in the

formation of S the main cleavage which is axial planar

2’

to the buckles., This flattering, however, is not the last

stage of tﬁe F, phase for the following points:-
1. S2 phases are often secn re-crystallized and
with quartz orientatéd and elongated in the
same direction as the axial plane (plate 6§
e.g. in the south-west north-east direction.
2. The Central Islay Slide and the Mull of Oa

Slide are buckled as F2 folds, suggesting a

I S S

pos? 52 siiding.
3. 1In the locality of Kintra Farm, the Central

- Islay Slide cuts across the F folds on a

2
lesser scale, In the above-mentioned locality,

illustrations show, how F, buckling continues

2
aftér the formation.of 82 cleavage, and how
this later buckling can result in major sliding.

4, The Loch Skerrol's Thrust and the Beinn Bhann -
thrust are associated with F, deforﬁation. The
Loch Skerrolt's Thrust in the north-eaét of the

Tallent Farm has been curved arouﬁd F2 fold in

the same manner as the Central Islay Slide around

the closure of Islay anticline.
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F2 folds on a minﬁr scale exhibif é%wide
variety of styles, which have a direct rclation-
ship to the tectonic environment. These minor
folds will be discussed accordingly:-

(a) Minor F, Folds in the Oa

In the first zone, at the eastern limb of the Islay

Anticline, thg first (Sl) foliation dips more steeply thean

" the Sz. The F2 styles in this locality: are different from

the folds in the phyllite and those in the quartzite (more

~

competent rocks). In the phyllite slightly tighter, iso-
cligal siﬁi;ar fol&s with detached limbs and thickened
cores indicated the style of the large scale folds, where
as in the quartzite, the style is of similar but slightly
more open folds (plate 41). |

This relation hetween the two styleé is well illustrated
at the Port Ellen Lighthouse, between the Jura Slate agd\the
‘Scarba Conglomerate (plate 41)., The junction between the
above two units is a minor slide (plate 42). The Scarba
Conglomerate férﬁs ah antiform; piunging toﬁard the ﬁ;fth;

east, like the Iélay Anticline. 'S, cleavage forms an axial

2 \

pPlanar foliation to thie above-mentioned fold, while the S

1

has been folded. The isoclinal F, folds in the Jura Slate

2

are very clear in (plate 41), and have 3, axial planes. The

2

slide in the above locality cuts through ¥, and is parallel

2

with 82 axial plane foliation. o the south-east (.G.R.
3“““) is another eiample of the disoclinal Fa folds in the
Islay yuartzite (plate 56). Here the relation between SS’
Sl and 82 is of great importance: it is demonstrated that
Sy and S; have been folded into isoclinal siﬁilar F2 fold

Styles with relation to Sy,S; and 8, are drawn in (fig 35)- o

. N o
- Vel
[



. o - Fig 34

) F2 Fold Styles in zone 2 of the Oa district




F, fold styles in zone one

Oa district




F, styles in the rort Ellen Phyllite in this zone .are the
same as those in the Jura Slate. Quartz veins appears in
the phyllite where it has been folded in the.F2 styles,
this suggests that:-
-4 The quartz veins are of pre-l';‘2 age
ii The quartz veins are the result of silica
solution introduced<ipto the sediments, or
possibly produced as a result of re-crystalli-
zation of sandstoné»dykes.
Mushroom style F2 folds have been recorded in the
Port Ellen Phyllite (plate %3) (G.R. 3443). The mochanism
of such folding is shown in (fig 36).

The fold developed as an isoclinal ¥, fold, and was

2

distorted by the later F3 deformation with a consequent
rotation of each limb in the opnosite direction, stage hb.

In zone 2 the Fz minor(fold are isoclinal folds with

detached limbs and thickened cores (fig 34) . Some of the

competent beds in the phyllite prescrve 51 foliation which

is folded around closures of the F,_ folds (figiha). S

2
, folds.

2

in this area is an axial plane foliation to the F,
. ’ \ '
Thiq sections in the vort nan Gallan Phyllite, Kintra

rhyllite and Baharradail Phyllite, show that S, is folded

and S, is an axial plane to the resultant minor-folds.
(plate 57 & 58).

Zone 3 represent the western limb of the Islay Anti;line,
andywestern limb of fhe Oa anticline, both i;mbs being over-
turned. “The F2 folds have varying axial plunges and
" directions. This is due to the greater effect of Fé

L 4
deformation, and the resulting from the Uentral Islay Slide.

F» styles for this zone are shown in (pl. 42).



Fig 36

The development of F, mushroom fold -




(b) Minor F, folds in Central Islay and Kildalton Districts

Fé folds in Central Islay and Kildalton are similar to
those in the Oa; in the latter locality the folds plunge
steeply (50° - 60°) in the core of the Oa Anticline and
4o° - 500 in the Central Islay Anticliﬁé.” All the F2 folds
have been studied from the Core of‘those two Anticlines.

The folds are isoclinal and the limbs are often detached
‘with relatively thinner cores conmpared .to those in the Oa.
‘the rocks in Xildalton area are highly'deformed, compared

to the tocks surrounding it. <+This is due to thé invasion

of sills of epidionites. The folds are tight at the contact
with the sills and are more open away from them (fig 38),

S, foliation, \

The main schistosity (52) is .cut across By closely
spaced planes which are parallel to the axial planes of
minute‘crenulation. In thin sections these planes are
parallel to the limbs of the mimor folds, The‘cleavage
has produced parting of the rock along a zone where thg{
:miéééedus Qihéféis ﬁithin'thé schiétésify have been brought.
. inta parallelism on the fold limbs.

A . \ )
A microscopic study of some thin sections, shows an
important structural feature of the rocks in the development
‘of a stretching-direction. It is prominent, and is

apparently controlled by lithology, being strongly developed

in the more psammitic bands. In the latter it is indicated

;f;by quartz-fibres intercalating clastic grains of quartz and

-feldspar, in the more pelitic layers the stretching-
- direction is seen as Tine quartz-fibres on micro films,

elongate prismatic stock of stilpnomelane biatite and muscovite

pParallel to these fibres.



Fig 38

F, fold styles in central Islay
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The mimoxr folds in the Kintra Phyllite and in other
phyllite rocks are, generally more open and, are thus
unlikelyvto be first folds. Further, the early micro
‘fabric shows interlaminated sercite mica between which
detrital quartz of silt grade are flattened to form a
penetrative fabric as in slaty cleavage (plate 60). Thus
the dominent schistusity in the Islay Dalradian rocks
appears to be S_. 1In the field such foliation is easy to

2

distinguish from an § especially in the closure of the

’

l,
large scale folds., Veins of quartz and calcite represent
S,3 in the former veins the quartz grains are stretched
in the direction of S2 (plate 63); in some thin sections

quartz veins are cut by the S, slaty cleavage resulting

3
in their off-set.

On either limb of the large folds, S, mica flakes
while showing slightly differing sense of disﬁlacement,
are generally sub-parallel to one another. Single 52
planes, show no marked divergence in attitude. In thinly
bedded layers S ‘ B

2

‘sometimes fans round fold hinges, and an
52 phyllite cleavage is often strongly refracted when

traced from pelite into siltstone.(fig 386.
the great majority of mimox folds seen in southern

Islay are lefolds, since phyllite cleavages form their

axial planevschistositieg, and since Sl in the competent

rocks is folded round their hinges. also the absence

_ of large Fl folds in southern lslay, suggests that all the

folds,obgerved are in fact F2 folds. In the Kintra rhyllite,

occupying the core of the Islay and the Oa anticlines, one

_bProminent cleavage forms the axial plane of these folds.

fi



32 Slides

‘

The two slides recognized in Islay, namely the Central
Islay Slide and the Mull of va Slide, are not usually
'f‘recognized by discreet planes of shearing; instead their

- presence can often be detccted by sudden changes in fold
:geometry and stratigraphy. In one particular locality

(G.R. 3148) the rocks are seen to be affected by the

éentral 1slay Slide (plate 37). Here stratigraphy, fold
geometry and the actual deformation are recognized.

Shearing is well observed on-a large scale (plate 37), and
.fold geometry and shearing are recognized on small scale
(plate 38 & 39). F, folds are attenuated and thinned parallel
to Sé foliation whilst retaiﬁing normal thickness elsewhere.
This is well recoginized in the relatively competent rocks
(Dolomitic Limestone). The attenuated fold 1limbs are not
'isheared or separated by éhear zones, but héve actually

been thinned parallel to S the minimum limb thickness

2!
being normal to_sz; this is attraibuted to the effect of
w:éﬁe“dehtfﬁl’iéiay Siide. .Tﬁe.latgef éiso is held“.v”'.
‘jfESpqpsible;fof thé thinning of the [lialradian successions _f:
to thé south-west, \ .
. The two examples (plate 37 & 39) offer an illustration
éf plate 38) lamellae {(dolomite, psamite and phyllite)
 1f§l1owing a zigzag pattern (step-shear), which is a
repetition of the shear effect on the rock (fig 31). As
- afresult of this shearing a change in the lamellae,
l‘?esulted in thinning. 7The mechanism of such phenomena
could be the product of simple shear if we ignore the

V:VOlume change. In the example put forward there 1s

¢vidence of shear zone, and what is observed is a thinning



Shear effect
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without any deformation in the S, schistosity, which is

‘parallel to the thinning zone, and normal to the surround-

‘ing unsheared lamellae. Ramsay and Graham (1970), proposed

two alternative explanations for the relation between

'schistosity and shear zones:

i Schistosity forms parallel to the surface or

e (surfaces) of simply shear in the rock.

ii Schistosity forms perpendicular to the direction
of greatest total shortening and it is widely
held that it represents the XY plane of’the
finite strain ellipsoid with axes X Y Z,

In the examples they proposed they rejected the

¥ first theory on the basis that "Schistosity

never forms parallel to the margins of the zone,
it follows that it cannot be parallel to the
shearing direction." Thus accordingly, the
thinning of the lamellae (shear zone) which is

in parrallel to S, schistosity cannot be the

2
product of simple shea;. .The preseﬁt writer

is sf the opinion that this phenomena‘presented'
in this thesis by examplésn(plate\39& L0o) on fﬁe
slide zone are not a simply product of simple or
pure shear, but probably a result of both, This

on the other hand can be explained as a product

of a hetrogeneous deformation.
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2 Thrusts

vF
: Beinn Bhann and Loch Skerfol's Thrust, are associated
4 ;ifh asymmetrical folding, which in Beinn Bhann area trend
ﬁarallel to the direction of major F2 fold axes. Tectonic
Breccia and mylonization are found aloﬁg its trace,
- The Beinn Bhann Thrust to the south~east with a generally
lbw angle, resulting in the disappearance of some units
‘i completely, and thinning out of the units along the strike
téward the south-west. This fhrust is also responsible
*Afor the thinning éf the Islay Quartzite and the rortaskaig
- Boulder Bed towards the nofth-east. The southérn part of
the Loch Skerrol's Thrust is almost completely covered by
the superficial deposit (beet), but this does not preclude
‘its continuation to the south;west. Since the Bowmore
"Sandstone outcrops in the Laggan Day and thére a slide
must separate it from Dalradian rocks.

P, Deformation '
| 4F3 phase of deformation in Islay generally has a small
effect on the structure of its roéks. The félds prodﬁced '
- by this phase have north-east to south-west trend with a
"jgenflé plunée 5 ¢ 20, No large scale.folds have been
réCOSnized in the area mapped. The effect of the deformation
l}is greater to the south-west where it is best seen, and dies
out towards the north-east.
"{Minor F3 folds in the Oa Area .
e F3 folds are best recognized in thisAlocality and in
vparticular on the cliffs extending from the MNull of Oa to
‘tbe Southern shore of Laggan Bay, where it forms a large

~tract of similar folds. The F3 fold styles are gently open

.‘f9;ds and isoclinal (fig 41)., Lithological differences are
) a &b
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recognized on the limb of folds; the lower limbs of the

fold have been more deformed, and the rocks arec more flaggy
than the top limbs. “his phenomena is best seen in the
laminated Kintra Phyllite, and in the Kintra Limestone.

A second visiable effect of the Fé deformation are the
complex disharmonic folds on the southern shore of Laggan
Day and on the ciiffs of Lower Kelleyam Farm. Veins of
quartz and calcite have cut through the cleavage, some of

these veins of quartzite are of F_, age, are seen to be

2
folded in suspended folds.
F3 Folds in Central Islay and Xildalton

'No major F3 structures are recorded in either locality.
In Central Islay the F3 phdse affects the general

structure by merely warping the limestone and the whole

succession., also the Fa‘folds maintain the style described

in the Oa district (fig 4la). Ih Kildalton the rocks are

more highly affected By the F3 phase than in any other

district in Southern Islay. The slaty cleavage is highly

penetrative and the folds are tighter (fig 41c). This

phenomena is best seen in the phyllite near-the Port Ellen

Yort .
Superimposed Folds

Small scale interference folds involving F and B

2 3
folds are recorded from almost all districts of Southern
Islay. This was produced by the superposition of F2 and-F:3
Structures resulting in interference patterns (fig 36),
producing superimposed folds on the small scale. Generally

the early FO axes have been distorted so as to attain random

directions. 4in one example the. two axes F2 to F_ are having

the same attitude with differences plunge direction

" (plate 44),

~



fold styles inthe district of 0o

Fig 413
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- F5 fold styles in central Islay

e



F; fold styles in Kildalton



Fz plunge steeply to the north-east with vertical axial

plane, where as F, plunge to the south-west with a gentle

3
xplunge.

Sq Cleavage (fig 45)

>, is generally crenulation cleavége {strain slip

3
cleavage) and is found dipping shallowly to the north-west,

at rather variable angles. This crenulation causes a

strong tectonic rippling on S excellent example of »

3;
crenulations converting to actual S

3

3 cleavage occurs

at Mull of Oa (G.R. 2744) (fig U468, S3 cleavage is
,constaﬁt in its strike all over the area mapped, with some
exception, in the south;eastern 1imb of the Islay Anticline,
where a change of dip to the south-cast is recorded. Veins
of quartz are associated with the trend of the S3 having
‘the same direction and dip (plate 6 ); this phenomenon

is a result of the siliceous material penetrating along

the cleavage and crystallizing. This also suggests that
the temperature was a significant control in determining

;the development of the cleavage; temperature may have

-also controlled. the. type of cleavage developed.

I A later F, deformation named F_b with an S_b cleavage,

3 3 3
developed in the form of kink cleavage (fighlc ). This is

.best scen in the Kintra Fhyllite on the cliffs of the Oa
(G-Re 274k 54 central Islay and in Port Ellen rhyllite

'W(Q'R' 374%. The kink cleavage which was best developed ~

is axial planar to chevron folds.
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‘éoudinage
) Boudinage structures are only observed in the south-
éestern Islay (Oa district), and in particular occupying

éhe south-eastern limb of the Islay Anticline. ‘“They are
;ssociated with a wide range of Islay rocks, ec.g. limestone,
‘épidiorites dykes and quartz veins. The boudinage belongs

2
1. In the Port nan Gallan DBay (G}R. 2841), large

"#o two phases of deformation F, and F3.
!
ﬁoudinage is recognized on the steep expoéure of the Port
%an Gallan Limestone, between the Dolomitic Beds and the

‘EOPMOSt flagegy liméétones; The boudins have a width of
about 4 meters and are separated by flaggy limestones.,
fhe ﬁoudinage is a result of éompression normal to the
iayer, and shear movement, associated with the later phase

Qf F2 deformation. Strain slip cleavage S, cuts through

3

- the boudins, while 32 cleavage is seen parallel to the bed

inside the boudins (plate 4l and 50). Small scale boudinage
“ in the same area is ag5001ated with the same features as
mentloned above. The small scale boudinage has been folded

-

bY a later defornation. Also rotation in the boudins around,~
\ .

thelr longitudinal axes is seen; the rotation occured

;? the direction of the strain slip clecavage. The rotation

of the boudins és well as their folding suggests that the

s%ructureg are associated with F2 deformation. Detail of

t#ese structures are showmin (plate 51).

e ; 2. The development of boudinage in the dykes has been

ﬁioéserved in the exposure (G.R. 31&4), between the Hallygrant
”Limestone and horneblendic dyke. Here the dyke acted as the

‘COmpetonf material, while the limestone was ductile, flowing

around the boudin,

k3
z



“

Development of the circular shape boudin
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1he boudins seen here are different in shape from any other
' seen in southern Islay. All the boudins described in the
texts, to the best or the writer's knowiedge, are either
sausage or lozenge shaped (plate 54) in cross sections,
"while here the boudins are circular in cross sections, with
the limestone beds surrounding them. This does not mean

- that the mechanism of such boudinage is different.

Three mechanisms are proposed for the circular—shabed
boudins: )
1. Early boudinage resulting from tension force
of F2 age, is followed by compression acting
in the same direction as pmin (fig 47).

J ' Such forces, are always observed, where there:*
are several phases of deformation in the area.

2. The boudinage is of F3 deformation and the
comprcssional forces were more effective than
the tensional ones.,

i ‘3¢ Assuming that the shape of the boudinage is
cyiiﬁdroidal, then ohl& aiéiféular crosé-:‘.
Seétiph'(zldimensional) will be seen in the .
cliffs. | \ .

3. the third example is the development of quartz
- veins boudins in fhe epediorites {plate 52).
This is seen in (G.R. 3443) the eastern side
of the Oa. The boudinage is associated with
an F3 fold, affecting the eptfdiorite sill and
having a wavelength of about 3 m. The orien-’
B tation of the boudins in the closure of the

fold does not indicate the direction of the

folding axis with which they are associated,
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Here the pwmin is at right angles to the‘directionv

[

of the fold axis.  Details of the mechanism are

shown in (fig 47).

S

This boudinage may have resulted from either of 2
mechanisms;

=t the veins, regarded as pre~F, are deformed into,

3

. boudins due to the competency difference between

the epjdiorites, quartzite and the surrounding

1

. pPhyllite, during the F, compression and subsequent

3

tension on the l1limb fold. This possible mechanism
is.supported by the style of the boudinage around
~the closure of the fold (plate 52).,

ii  The boudinage itself regarded as pre-F,., is refoltied

3"

by F evidence of this is that S, cut through the

3’ 3

Y- ~ boudins, as well as the folding of the boudins
(plate 53).

<. , The present worker tends to support the second mechanism

.proposed ahove,
' ~Mullion and rod structures

™

'f;&f_ The_mﬁliidn Spructures are only recognized ih'CentraL.,"
Islay (G.R. 3760), They.are weakly deve10ped in tge Kintra

} Limestone, on thercontact with the Xintra Phyllite (plate 15).
- ‘rhe mullions generally have a steep plunge toward the east.
Small scale folded rodding structures are also recognized
:»(plate 47) in the Xintra Limestone, and in conformity with

fwethe Islay Anticline show a plunge of 40 - 500 toward the

| north-east. Mullions and rodding are developed on the

 6verturncd.1imb of the islay anticline. Rods are also

Técognized in the Cnoc Don Quartzite (G.R. 3857) and in the

Laphroaige Quurtzite (G.R. 4755), where they are forms folded



into cylindroidal folds (plate h6) with the same plunge as
the Islay anticline to the north-east.
:Fh Deformation

Fh is represented by a strain slip cleavage, which

simulates 83 in the Port Ellen Phyllite near Port Ellen

‘Port (G.R. 3745), and forms extensive small scale folding

in that area. No Fh has been detected in any other part

of Southern Islay. Where F, is present in the Port Ellen
Phyllite (Kildalton district) it is generally a gently
dipping surface inclined to the south-east. Fh is absent

- from the massive Lophroage Quartzite and the Ardmore Grits.
The Fh is the final episode in Islay history, no other

phases such as F5 and F6 have been detected here, though

" Roberts in the south-wvest Highland (main land) (1963) reports
F5 and F6’ from various parts. The latter phases can be
considered an equivalent of the secondary, or Fh type of
,;deformation which embraces all the strain-élip phenomena.,

The pPresence bf F5 an@ F6 in the south-west Highlands §uggest.l

that the deformation increases toward the south-east and

. decreases toward the north-west. . \
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Discussion and Correllation with South-West (Mainland)

-Structures

é -
! The central argument of this section is that the

second deformation in Islay Dalradlan is the major phase.
In thls I differ from the v;ew of the previous worker

Bailey (1916), who referred to it as the P deformation,
and correllated it with the Fl recumbent folds. Minor scale
folds show that their relation to the major structures in
I;lay are thus one of strict parallelism, the relationship
nermally observed in folded rocks. “This supports the major
52 fold theory put forward in this thesis, since first
folds have been recorded on the closure of tﬁe Islay
Anticline; and ‘having an axial plane trace trendihg\to

the south~east, . z“ ; ' .
'eieeGagemis

As previously described in this thesis'Sl

‘folded by s, (plate 56), which leaves no doubt that the

Islay Anticline and the%0a Anticline and the other large

{ - .
structures have an axial plane trend of south-west to
north-east w1th a plun"e Lo - 60 and are of F2 deformation,

Thus the trend of F2 in Islay dlffers from that described
\

by Rast (1958) where F, cross folds has an axial plane

nerth-west to south-east. The change of axial plane

5etween Central Highland and Islay can be explained as

f?llows:

ié .In the Central Highland F2 cross-Tolds form recumbent
folds, '

ii If‘we accept Bailey's suggestion (1914), that the

Islay Anticline repreeents Fi deformation, we face

the problem of explaining the south-west to north-

west trend of the structure which is incompatible

. wifh the Caledonoid Fi deformation trend.

A s s T e




. - Fig 50

Section across Islay, Jura and the
Southwest of Scotland

B.B.T,

L.S.T.

A.A. - Aberf&le Anticline . “ 1
B.L.S. Ben Lui Syntline . i5
B.B.T. Beinn Bhann Thrust '
C.A.  Cowal Antiform g S |
I Islay S . B
L A. Islay Anticline .
1. N.  lltay Nabpe

J. Jura .

L.AS. Loch Awe Syncline . ' L
L.S.T. Loch Skerrols Thrust ‘




107

iii In page 110 the present worker explains the sense of
movement of the caledonoid phase on the ‘light of
block theory. Ve notice a striking coincidence in
the relation between the axial plane trends of the

three major deformations in the valradian rocks of

Islay:
Fl North-east to south-west
Fz‘_ South~west to north-east *
F3 North-east to south-west, east-~

north~ecast to west-south-west,
This parallelism with its difference in plunge has
suggested similar stress systems during the three

phases of F F and F

3"
1,'52 and S3 cleavages occupy the same
strike direction, although differing in dip. In

1 2

iv- In Islay-S

sﬁuth-east; in Jura and in Knapdale district

Roberts (1959) describes folds having the same

axial plane trend (south-west to north-east) as

the Iglay and va Anticlines with axial plane cleavage
(82); howe&er he refers these foldg to the Fi'
However according to Mr. Peter Gower (personal

communication) in that area the S, cleavage acts

2
folds; -in fact all of the north-

B »
Bl Y

as axial plane to F2

west Loch Awe syncline consists of F

, folds. .
borradaile 1971 proposed a steeper original attitude

to the Islay Anticline by unfolding the latter. This is

due to a later movement of the monoform, if a later age of

deformation for the monoform is accepted, The present writer

rejects this theory unfolding the Islay Anticline as

PXoposed b& Dr., Borradaile (1971) would mean unfolding the

Loch Skerrol's and Beinn Bhann thrusts which is impossible.
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“ Correlation of Islay Structure with South-Vest

(Mainland) Dalradian Structures

Many workers have tried to relate the Islay structures
ﬁith structures of the mainland of Scotland, and Ireland,
for example, Bailey (1916, 1922), Rast (1963), Shackleton
(1957 ), Roberts (1963) and Litherland {1970). A general
synthesis has been established by each. A detailed
structural correlation followed by general synthesis
is put forward here.

1. Loch Skerrol's‘Thrust

In this thesis the Loch Skerrol's Thrust have been
considered to(be the result of the F2 deformation., Bailey
(1§16) correlated this thrust with the Moine Thrust, while
Rast (1963) correlated it with the Iltay Slide. Recently
Litherland (1970) correlated Loch Skerrol's Thrust with
the Déltay Slide. The latter author has suggested the name
Loch Skerrol's lay instead of thrust; by this he implies

that it is an Fl phase or part F ‘there is no evidence

1’
in Isla&'po support this suggestion, that the Loch
Skerrol's Thrust is a lay. Fdrther Litherland claimsj
that the Loch Skerrol's Thrust follows the same course

as the Baltay Slide, and occupies a position between the
Portaskaig Boulder Bed and the Islay Quartzite (in the
Ballachallish as well as in Donegal); also that both
(Loch Skerrol's Thrust and Baltay olide) are early gravity
slope structures (Fl. deformation and earlier). No
concrete evidence to support the contenfion that the Loch
Skerrol's Thrust is a continuation of the Baltay Slide has
been found. In fact in Islay Loch Skerrol's Thrust cuts

through the nmiddle Dalradian and the Lower Dalradian, and

no. sign of an early gravity slope is detected in southern

Islay. N -
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Mainland of Scotland
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Beinn Bhann Thrust

It has been shown that Beinn Bhann Thrust trends
north-east to south-west through Islay, and is inclined.
to the south-east, The thrust passes beneath the Islay
Quartzite thrusting the Middle Dalradian over thc Lower
Dalradian. The Beinn Bhann Thrust continues to the north-
east following the same course from Jura, Garvellachs up
to the Ballachulish where it becomes the Baltay Slide.,
Further to the south~west Heinn Bhann Thrust may be present
as the Knockateen Slide of Pitcher and Shack;eton (1966),
where it shows a similar searge of movement. A striking
fegture of the Beinn Bhann Thrust from Islay to Donegal
to the.sodth-west or Ballachullish to the north-east is
the presence of the Portaslkaig DBoulder Bed along its
course,

This correlation of Loch Skerrol's Thrust and Beinn
Bhann Thrust with the Fort William SJide.and the Baltay
Slide respectively, explains the thinning pf_the Uglradiap"_
successions as a whole to the north-east, and the absence
of.Upper‘or\MiAdie Dalradian from'thé‘wgstern limb of
Islay Anticline, as well as the dramafic thinning of Islay
Quartzite and the Boulder Bed to the nérth-east ‘(map 1).

Polyphase Deformation ‘and Block Theory

After the previous interpretation of the structural
synthesis of Islay put forward in section S and the )
establishment of the concept of Block theory in the

~ : .
valradian rocks of Islay and the South-West Highlands
it is now necessary to review and interprete fhe polyphase
deformafion. The following observations have been made'

-

in Islay.




south~east in general, while F
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‘the most important phase of deformation is

of F2 age.

F? folds represents by Islay Anticline and

the Oa Anticline having an axial plane trends
of south-west to north-east.

Fl folds generally have axial plane trends to

the north-east to south-west.

F, folds are represented by open folds having

3

an axial plane trending to the north-east to
south-west.,

1’ 52

and S g P 3
3 represent Pl, bz and 13 phases of

deformation and have analogous strikes, but

Generally the cleavages recognized as s

differ in their dips; Sl and 52 dip to the

3 dips shallow-
ly to the north-west.

The above mentioned poihts are of importance in

the interpretation of the block theory to the poly-

phase development of structures. ' &

trends reflect -

3 \
the attitude of the north-west biock. Thus F

Firstly: ‘The F,» F, and F

1
and F2 at least follow the same deformation in
Islay. This also might be allowed for the F3.

The above mentioned conclusions are supported

by the trend of Sl’ S, and S, cleavages in Islay..

2 3
Secondlx: Fé folds are the result of buckling
due to the compressive effect of two block, the

second block having the same strike as the

Grampian Block on the south-east of Islay (fig 51).



~ Fig 51

Druimavic
Synform

. Glen Creran
Swing in the strike due the Anticline
rising of a south east Block

Sketch map for
Block Defomation
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Thirdly: Islay has escaped the Fl deformation.
This can be explained by the buckling around
the‘margin of the Grampian Block and reveal
a "corner" in the block outline, which is
manifested as the Druinavuic Synform (Litherland
1970). The fold trends converge at toch Awe,
and this represent the south-western limit of .
the block. Thus the effect of the first plane
decreases as it is developed away to the south-:
west, away from the Grampian Block. A new block
to the south-west started to rise, resultiné in
the swing of the strike to the north-east of
Jﬁra, and Garavelléchf which is a common case
-in orogenic belts. Thus at the Central Highland
the Fl phase is at its utmost as result of  the
ﬁpward movement of the Grampiaﬁ Block, along
deep faults initiated gravity flows at the south-
eastern margln, where the interblocL relief 1s
greatest and buckllng occurs at the north-west
margln, Litherland_(l970) deflned‘the north--"
west Hlock as borderea by the Baltay Slide.and .
in Islay by the Loch Skerrol's Thrust. As in
Islay there is no evidence to assume that the
Loch Skerrol's Thrust is the margin of the
north-west Block, In this thesis the Loch -
Skerrol's Thrust is correlated with the Fort
William Slide. Also this line in Islay is
marked by two unconformities to the north-cast
and to the south-west (Section 3). Also the
sediﬁeﬁtary evidence from the Lower Dalradian
in Islay has shown that deposition during that

-

period took place in shelf conditions, During
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the Middle Dalradian however a new deprcssion'
started to build up forming the Middle aﬁd'
Upper bvalradian Trough, to the south-east of
Islay. The present position of Islay might
coincide with that of the north;wgstern
bloclk.

The relations between I’, and the later fold phases

1
has been discussed by Rast and rlatt (1957); in general

the phases represent decreasing fold amplitude and reflect

a decrease in plasticity of sediments accompanied by
increasing consolidation and recrystallisation Ramsay (1963).
The latter phenomenon (recrystallization) is well seen
in.mosf thin sections in the form of microquartz vains.

A problem has arrisen from the structural study in Islay -

this is whether F_ folds in Islay which has a trend to

2
the south-west to north-east and Fz (cross fold) of Rast
(1958) which have north-west to south-east trend are

equivélent. Such différances can be explained on the bas;g. )
Of.the shépe and style of the Fl folds. In the Central

H%éhlands F_, folds are occupying the overthrust limb of
\

2
large scale Fl folds, resulting in major inflexion along
the thrust or slide. As in Islay it is away from the
effect of the first rise and compression and a second

vertical block movement with interblock compression

resulted in the second epigode of deformation as It is.

in Islay trends to the south-west to north-east..

Within each block, deformation features such as
foldq, cleavage and interpenetrative distortion can only
be explained by lateral compression generated between

blocks (Rdst and Crimes, 1968). This may be applied in
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Islay to explain the same trends of folding recorded
there. The folds in Islay have the same trend but
different plunges: (Fl - North-east to South-wesf;

F2 -~ douth-west to North-east; and F3 North-east to
South-west); this may suggest that there are two or
three blocks occupying the north-western, south-eastern
and the north-east sides of Islay. ‘hese blocks wefe
rising aﬁd subsiding vertically relative to each other,
resulting in the three different phases of deformation

(Fl’ F_ and F3) with analogous trends, this does not

2

eliminate the possibility of a deformation occuring

with a trend normal to that of a previous deformation.

\
A\

Also a divergence of trend can result from the effect

of tension on gravity.
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SULMARY OF

CONCLUSIONS
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- Summary of Conclusions

? A stratigraphic and structural mapping has been constructed
across the South Islay Dalradian rocks. With regard to the
stratigraphy, the succession has been established in the tf.ower

and all the Middle palradian rocks of Islay. The difference

‘between this thesis and the previous works such as, the

teological Survey Wilkinson (1907), Bailey (1918), Green (192h)

Gregory (1928) and Allison (1933) can be summarized as

. follows:-

l. The identification of, the Kintra rhyllite, Kintra

- Limestone, Cnoc Don Slate, tnoc Don Quartzite, Cnoc DonvLime-

stone Group, Baharradail Phyllite, Ballygrant Limestone, Port

nan Gallan Phyllite and the Port nan Gallan Limestone of the

" Lower ualradian, was made by breaking down the simple Mull of

Oa Phyllite of Wilkinson (1907), This led to the confirmation

of the existence of the Ballachulish succession in Islay.

.This in turn led to the correllation and joining of the

- Ireland palradian succession with its equivalent in Islay

and the mainland of Scotland. A striking similarity is-

: observed between the Kintra Phylllte, and.its equlvalent,

.

'Leven &chlst' in the Ballachulish and of that of North
lreland. Other similarities are detected in the section of
Cnoc Don area (Central Islay), where the stratigraphy follows
the same sequence as its equivalent either in the Ballachulish

or in Northern Ireland; that is the Cnoc Don Limestone group

e

1.;follow the same sequence as the Appin Limestone Group as

'foll(_nvs ‘-

Phyllite - Calic rhyllite

Quartzite - Thick quartzite, interbedded
with limestone

-

Limestone - Impure limestone
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Islay

- Ballachulish

Blair Atholl

Port nan Gallan Limestone
Port nan Gallan Phyllite
Ballygrant Limestone
Baharradail Phyllite

Lismore Limestone .

Cuil Bay Slate

White Limestone
Banded Group
Dark Limestone
Dark Schist
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‘Overlie these are the

b - Whitgf'yellowish limestone
Ve 3 - Banded phyllite

2 - Dark blue limestone

1l - bark phyllite.

Thus it is certain that in Islay, the Lower lalradian
‘sequence are uninterrupted from the Ballachulish into the
Perthshire. The above four units of the top Lower Dalradian
'in Islay is clecarly a reprezentation of the bottom part of
‘the Blaiwn Athell series as well as the top part'of the

1,ballachulish succession, Thus it is possible to say that
the Lower Dalradian rocks are present in lislay without

il

a major stratigraphic or tectonic break (table 7 ). )
©2.  The identification of Kilbride Limestone, Kildalton
~7Limestone, Afdmore Conglomerate and ardmore Grits in the
iMiddle Dalradian led to the establishment of a complete

j»Middie Dalradian succession, and its correllation unit by
‘unit with its equivalents in both Ireland and the mainland |

_”1of Scotlana.- This is mainly.due to the wide exposure of
the cbnglomeraéeiﬁcd within the Pprtéskaig Bouidér:Déd'ih o

~ .Islay and Garvellachs. Two rising blocks to the north-east
"qnd south-west contributed to the unconformity and the

dramatic thinning of the Islay succession to the south-west

and north-east.,
\

A structural synthesis has been constructed for the -Islay
~-—Dalradian rocks. Two major anticlines are recognized in Islay,
- 'namely the Islay Anticline and the da Anticline. The two
anticlines were recognized from the stratigraphic repetition
 with aid of sedimentary structures and the cleavage hedding

relationships.




Fgur phases of deformation, F;, F,, F3 and Fh were recorded.
On the basis of sedimentalogical interpretation, this

:»fheSis has démonstrated the shelf deposition of the shallow
water Islay Dalradian sediments.

3. The discovery of unconformities in the Lower and Middle
Dalradian is significant. The first unéonformity between the
Port nan Gallan Limestone, the Ballygrant Limestone and the
Baharradail rhyllite (fig 11) is by a conglomerate zone. The
second unconformity is within the Portaskaig boulder Bed and
is marked by a conglomerite bed 3 meters thick, and by the
. absence of some units recognized in the Gardvellach succession
(Sbencer (1966). The discovery of the latter unconformity,
in thé Loulder Bed, might reco}d a large brake within the

deposition of the Boulder Bed in Islay. The F F_, F_ and

. 1’ "2 "3
“Fu planes are not intensive., The second phase is the strongest
produciné the present major folds with axial planes trend to
the south-west to the north-east. Thus the Islay anticline
~of Bailey (1016), and the Oa Antlcllne are of the second
?deformatlon and not of what has been suggested to be Fl folds,
~Two~slides (Central Islay Slide and the Mull of'Oa'Slidé>l"
-and Beinn Bhann Thrust are identified in islay. all of these
a?é associated with F, phase of deformation.,
‘the estaglishment of the Lower and Middle Dalradian
" successions in Islay, makes it an ideal place for the study
, ~
9f the problems of structure, stratigraphy and sedimentalogy.
j~@he continuation from Lower to the top of the Middle valradian

is unique to lslay and offers a promising terrain for further

metamorphic and structural investigations.
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Plate 37 shear zone along the Dentral Islay Siide Port
Alsaly weest of Mintra “arm, “The humaoer maried
the shearing zoiue.

Plate 38 General view for the swall slide appear in
the laminated phvllite west of Nintra Y¥arm.
Black line show the step slide as it appear.

The folds are ¥,.
e

rlate 235  DPhnoto for the shearing zone (thinnin, of the
and /4, lavellae), The match sticks arce in narallel
with the shear aad 82 cleavage. T3 miimem
fold are develoned along: the shear zone.
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Plate 40

rlate 41 The contact between the Jura Slate and Scarba
Couglomerate "Port #fllen Lighthouse," W2
isoclinal folds in the Jura Slate, with 32

clcavage axial planes to the folds.

Plate 42 This is from the sane locality as plate 4l.
The vyellow pen marked the siide plane between
the slate and the wsearba Conglomerate, lilue
pen show the strike of the slate. Normmal to
the strike of the conglomerate. !
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Plate 43

Plate 44

riate 45

120

Mushroom style folds iu the lort gllen Phyllite,
The match sticks marked the T2 mushroom folds,
refolded by F3.

superposed folds in the laminated xintra
Phyllite. 12 fold folaed by F3, axial
plane of F2 is vertical

\

+
Superposed folds in the ¥Hintrai Fhyllites,.
wuartz veins have been refolded by 3. In
tne closure of the fold quartz veins show Q
rotational, and boudinage structure in the
right hand side.






Plate L&

Plate 47

Plate 48

Yullion structures in the flagstone of the

Fort Tllen Group. The *ullions are plunged

toward the norta-cast. Note the hummer aud

pen tor scale.

Rodding in the llintra Limestone Central Islay

overturned limb Islay aAnticline. ‘vhe head

hummer and the yellow pin pointing toward

the

pPlunge of the Rodding i.e. toward the north-

east,

Ptygmatic I’3 folds in the phyllites. Ilere
cleaned are more pronounced, also note the
change in litholosy on the lower 1limb let't
nand side. AQuartz veins show bhoudinage

NS

53

wirich indicate elongation during F3 ftolding.
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Plate 49 Large scale boudinage structure in the Port
and 50 nan ‘;allan Limestove. These are ot Fg‘age.

Plate 50

Plate 51 tnlargonent shoto to the. small boudinage in
lie bottom ot plate 52, wote the rotation in
the boudins, which indicate pre »3 boudin
structure deformation.
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Plate 52

QJuartz veins boudinage in the Epddiorite.
rere the fold is of 1’3 age.

Plate 53 The Aquartz boudins in plate 53 show a rotation
which indicate pre 73 boudinage. This also

supported by the 52 cleavage which cut through
the boudins,
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plate 54 Note the circular shape boudinage between
the epddiorite and the Ballygrant Limestone.
This is shown by the black 1ldine.

. Plate 55 Epddiorite sills show F3 deformation within
- the Kintra timestone. The hammer head pointed
"toward the F3 axial plane. . ] e

ot smh gt
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Plate
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5
P . ]
-~ N . R -~ A4 ~
536, wmote thne relation between Ss, S1 and ;82 cleavage.
B . . ) Y T .
It shows that 51 has been folded and 152 are in
parallelism withh 53,
1
3
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Plate 57+ The plate shows the composite cleavage of 81,
and 58. S2 as well as the bedding plane. In plate 57

Plate

incipient development of S3 cleavage 1S shown
at the bottow of the plate, -
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