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Introduction 

1.1 Location: The Island o~ Is1ay is situated on the 

south coast of' ::>cotland, and f'orms part of' the County 

of' Argyllshire •. 'It occupies an area o:f about three 

hundred and eighty four square K.M. and is o~ great 

scenic beauty. 

1 

1.2 Geographology: On a geographical basis Islay is 

divided into two distinct areas which are separated by 

Loch Indaa1 and Loch Gruinart. '1'l1e ,.;estern area knOl.;n, 

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 point being 

Beinn Tart a' Mhnl, at 735 f'eet above sea level. 

The second area o:f the island extends f'rom Rhuvaal 

point in a south-south easterly ~irection, to the Mull 

o:f Oa and is bounded on the east by the Sound of' Islay 

and on the south by the Atlantic Ocean. The maximum, 

elevation, o:f 1500 :feet above sea level, is :found in 

two places .Beinn Bheigeir along the Sound of' Islay and 

13einn Bhann about 2.5 miles to the ,.;est of' Beinn .. 

Bheigeir. '1'he elevation decreases gradually in the 

southern region along a line going :from the Sound of' 

Islay to Port Eollen (50 :feet) passing through Beinn 

Dhcigeir (1500 :feet) and Beinn Uraraidh (1490 :feet) 

it rises again in the Oa at Beinn }fuoor (600 ~eet). 

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 
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of great importance in the geological study for they cut 

through the rocl{, 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 1\:il ennan, the Dubh, the Torra and the Hachrje; the 

latter f'lows out from Loch Uigeadail and Loch Leathnnn 

on S8orra. 

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 1vest, the slopes of 

Beinn Bhann area, boggy and have been recently drained 
. 

b:r the Forestry Commission and planted with trees, in 

lCildalton the f'orest covers the southern-most part of 

the Island. 

1.4 GeoloGY o:f Islay: 

General settinK: The island o:f Islay may be divided 

into two portions, the Rhinns (western area) and tl~e. . ",', .. -

eastern area. The western area crimprises the whole or 

the 'portion of' th.e island known as tho Rhinns of' ~siay 

together with the belt west or Loch Skerrol~ thrust 

ljing round the head of Loch Indaal. It is. separated 

geologically :from the eastern area by the Skerrol~ 

Thrust, 1.,hich follo\vs a sinuous southwards course :from 

Dnnan Uillt, on the east shore of Loch Gruinart, it 

) .. -- crosses Loch Skerrol's, and then passes to the east of' 

Bridgend by Tallent Farm, 1vhich 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 8ay (:fig 1 ). 

' .. :', 
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Tho western area is entirely occupied by rocks of 

pre-cambrian ~ge, the Lewsian Gneises occupy the western 

portion of' the Rhinns, which lies south of' Kilchearen bay 

and Bruichllddich. The rocks consist of' acid and basic 

gneise.s of probably igneous' origin.. The Torr'idonian 

Conglomerate r 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 ualradian rocks. These consist 

essentially, o~ pre-cambrian metasediments, namely 

quartzike, limestone, slates and phyllite and shOlving 

varying degrees of' metamorphism. The Dalradian rocks 

o~ Islay tectonically overlies }.foinian Quartzite 

tBo\'I'-more Sandstone) (fig I ). 

Previous 1iork 

As far back as 1790 Hr. Abraham Mills'recognized 

the intrusive nharacter and basaltic nature of the 

Dolerite dykes of' Islay. He ?-lsq, r:e:fers to the high ,1.eve:L 
." ' .... 

beaches, and considers them to in'dicate a recession of' 

s'ea. 

MacCullOch (1809), as a result of' an examination of' 

the wester~ islands, refers to the conglomerate of' Portaskaj 

on Lossit Hill as a primary conglomerate, correlating it 

with the Garvellach Isle Conglomerate and on the 

SchichE1l.lion Conglomerate.. He also pointed out that t in' 

0-'-- . addi tion it contains pebbles of' granite, f'oreign to the 

island, and it _also contains fragments of' the limestone 

upon which it lies. )~cCulIOch correlated the dark 

limestone of Islay nnd Lismore. 
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J. Nicoll ll844) con~irmed the observation o~ 

MacCullach as to the content and position or the 

conglomerates or Portaskaig (Boulder Beds) and Lossit 

Hill .. 

Hufchison and Geikie (1861) make the :follolving 

re~erences to the geology o~ Islay. 

, The grits and schists (Torridonian) o~ the north 

west part or the island are regarded as equivalents or 

the lower quartzi.te rock (Cambrian) o~ 50uthcrn:land. 

The Islay limestones refer to the horizon or the Assynt 
, . 

Limestone, and the overlying quartzite to that or the 

"upper quartzite" or west southern land. They ~urther 

pointed out that the Islay limestone extends north-east 

through the Garvellach Isles to Lismore and Shuna,-und 

that the overlying quartzite and "upper sediments, as a 

series", a~ter traversing Jura and Scarba, reappear to 

the north or Oban. 

Thomson (1875) has suggested that the Mull or ~a, 
.~. 

Port Ellen and Kildalton rocks belong to the Silurian 

period, the Islay quartzite to the Upper Cambrian, and 
\. . 

the rocks o~ north and north-west Islay to the Lower 

Cambrian. He also noted the occurence o:f a brectj~ 

conglomerate on either side or the central belt or the 

quartzite, but regarded that on the east as the base or 

an overlying schists series. He ~urther recognized the . 

granite fragments or the Portaskaig Conglomerate (Boulder 
. . 

Beds) as ~oreign to the island and attributes their presence 

to glacial transport. 

At the beginning of this century the o:f:ficers or the 

Geological Survey of Scotland covered Islay on sheet 27 
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(Rhinns and north Islay) Sheet 19 (Bowmore, Kildalton 

and the Oa) and Sheet 20 (The south-east part o~,Kildalton). 

TIle report can be round in the Geological ~urvey Memoirs 

by Wilkinson (1907); The area.was mapped by Wilkinson 

and Peach~ but no consistent structur~l pattern emerged. 

They succeeded in establishing for the first time a 

stratigraphical sequence in Islay. Their interpretation 

is as follOlvs:-

They regard the Oolomitic Group as the latest member 

of the succession.. The :Hoal an Fhi thich Quartzite is 

considered to be a downfaulted portion of the' main quart-

zite (lslay Quartzite). The phyllite and the limestone 

of Central Islay correlated ,vi th .port Ellen Phyllite,' and 

Jura Slates are explained as an upfold of the Port Ellen 

Phyllite. The Portaskaig Boulder Bed is the equivalent 

of the Scarba <onglomerate Qroup. Also they interben~ 

the structures as a syncline with the Lalay Quartzite in 

its core. 

In (l9lo)'Dailey introduced' his theory of' "the 

'Islay Anticline" and the' stratigraphical section was 

es'tablished ttaqle l). The anticline pi tehing north-e'ast 

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 lIslay 

Quartzite) to the north and up to the still higher Ardmore 

~- and Laphroaig Quartzite in the south. 

Green (1924) contradicted Bailey's theory and suggested 

a synclinal structure with a complicated isoclinal folding 

(fig' Jc). He correlated the Portaskaig Conglomerate with 

.the nowm~re Sandstone lTorridonian). He converted Dailey's 
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sequbnce and introduced a large uncoriformity below the 

Portaskaig Conelomerate in its new position. His views 

were based partly on the fact that the Portaskaie 

t.:onglomerate contains numerous :fragments of dolomite but 

none are of the Islay Limestone type, and partly on the 

significance or ~ordmarkite pebbles in several nembers 

of the sequence. 

Gregory (1928) accepted most or Bailey's interpre-

tation of the structure and sequence of that part of Islay 

which lies between the Loch SkerroJ's thrust and the Beinn 

Ehann Fault. He rejected the Hoal an Fhithich Quartzite 

as an independent formation, but regarded it as a down-

faulted outline of the lower Quartzite t and in this 

followed (Wilkinson et al.). He refers to the succession 

east of the Beinn Ehann Fault (thrust) as the main 

quartzite t lslay Quartzi te) ~ '1'his is distinct from the 

main quartzite of north Islay, in that it is older than 

the Mull of Oa Phyllite and it is followed east ,.,ard by 

an inverted outcrop of still older formations, Jura 5late, 

Port Ellen Phyllite etc. (:fig 3d). 

Elles and Tilley l1930) accepted the ·succession of 

Hailey and agreed with him that the structure of Islay 

is anticlinal. They, however, separa~ed'th~ M6al an 

I<'hi thich Quart zi te from the Hull of Oa Phyllite by the 

alleged continuation of the 1...och Skerrols Thrust • 
.. 

~each and Horne (1930) also accepted the greater 

part of Bailey's theory of' the structure of the islands. 

Peach still held, however, that the Jura Slates were an 

upf'old of the ~ort Ellen ~lyllite, and that the Scarba 

Conglomeratic ~roup in downfold of the Laphroaig 

Quartzite. 
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• The Hoal an Fhithich Quartzite he considers, is a down­

faulted portion of the main' quartzit~ (Isla~ ~uartzite). 

The work'of Baiiey has b~en'su~m~rized by Allison 

in (1933). uSing'~he suggestion by H~iley ~nd G~een (1924 ) 
, 

that graded bedding and raIse bedding. indicated way-up 
., 

criteria. Allison has used the way-up evidence and 
.. , 

demonstrated to Green and Gregory that the Islay Quartzite 

is yo~n~er than the Vortaskaig Boulder Beds, and Islay 

quartzite is younger up into Jura Slate and Scarba 

Conglomerate (fig 2 ). 
, , 

THE AIH OF THE HESEARCH 

Previous work on Islay by the above workers resulted 

in widely differini co~clusions. 
• )-\ 'I. • 

There is complet~ 

disagreement in 'stratieraphic succession and structural 

setting of ~slay. F~rther ciore the lack of detailed maps 

and sections rend~r allint~rpretati6ns hypothetical. 

Nowl1ere is lack of stratigraphic and structural 

detail more marked than in the 'area labelled "Mull .of 
" , ' 

Ua Fhy1.1ite" which covers a large. tract of' grqund oC,cupyi,ng 

the central part ~f i~lay and the Oa. 
. , 

'£his lack of 

'detail mapping ~es~l fs iri" 'ci conflicting \>tratigraphical 
! ~ 1 , 

correlation 'across the Dalradian succession on the 

Scottish HairC'Land and in 'Ireland. .. This subject will be 

dealt with later, in Sectio~ 2 or this thesis • 
. , 

'fhe writer's' task ~ thererore, was' to reach rirm 

conclusions reg~rding the stratigra~~~c succes~~on on Islay, 
,,£ "~ 

and try to resolve the conrlicting ideas reached by the 

previous workers, ~ecessitated the map~i~g or ~h~ so~thern 

part 01: l.slay (Shee'ts 19 and 20 or the Geologic~i'Survey) 

where thes~ idea~ can be solved. The area is ideal for the 

work as it contains the core of' the anticlines. 

The aim of' mapping ''laS to:-
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(a) arrange the order or stratigraphy; 

(b) elucidate a structural history; 

tc) reinterpret the geology or Islay; and 

td) draw regional conclusions 

The aims necessitated the restriction of' eeological 

observations to stratigraphic and structural. phenomena 

and the visi tine; of' other loc,ali ties outside the mapping 

area. 

The-Field Mapping 

Three local terms have been introduced 1'or the 

area mapped (Geological Survey Sheets 19 and '20). 

i Central Islay to the ground between 

south of' Bridgend. BO'17more and North 

of' Beinn Uhann. 

ii The Oa which is the B'round south 

most part of' Islay 

iii Keldalton the ground south of' Beirul 

Ehann and stretches f'rom Port E11en 

in the south to the Noal ard-talla 

in the south-east.' 

" Work in the f'ield occupied about eleven mont~s during the 
, 

years l1969,; 1970, 1971), during ·,,,hich time about 100 

square miles of' ground was mapped. TLe mapping was on 

a scale of' (6 ft to one mile) •. The maps are'ni~eteenth 

century second ~dition a~d~their accura~y tends to 

diminish 'oTi th increasing elevation. AC!T'ia.l photography 

(1961~ edition) was used in the Kildal ton area. where 
. 

sills of' epidiorttes cut the country rocks throuehout 

the area t and the inf'ormaiion transf'erred to the base map. 
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:Hethod o:f Investigation 

The purpose o:f this \vork is to establish the 

Da1radian succession in Is1ay and its structure, by 

9 

means of primary structures. That is by determination 

o:f younging by means of current and gradding etc., and 

:from c1eavag~-bedding relationship of Shackleton (1957). 

He has found that i:f, when considering limb of a i'old, 

the schistosity-stratification relationship accords with 

the sequence 'shown by sedimentary structures, the :fold 

:faces upwards (:fig 4a). I:f the sedimentary structures 

and the schistosity-stratification relationships are non­

accordant, then the :folded structure :faces downwards 

(:fig 4b). These t\.;o methods \vere applied together on 

per:fect :field evidence to decide, :from the c1eavaee­

bedding relation lp1ate ,56) on \vhich side of' the stucture 

a certain outcrop is situated; similarly top and bottom 

o:f a limb can be determined:from the sedimentary" 

structures. 

'" 
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S ketch map show the three districts 

[~ Middle Dalradian 

\ J Lower D;}lr~dian 

Fig 5 
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STRATIGRAPHY 

2.1 Introduction: 

~ 
The Dalradian succession in'Islay is part o:f the north-

east, south-west trending Caledonian :fold-belt, and most 

o:f its stratigraphic groups and many or its large struct-

ures can be easily recognized in the Highlands o:f Scotland, 

Ireland and Islay. 

Two large-scale :folds have been identif'ied ill Islay 

(. map 1 ), as well as the major slides of' Central Islay, 

'the Null o:f Oa· and the two thrust of' Beinn Bhann and 

Loch ~kerrol's.. The detailed description of' these struct-

ures is the topic of' Section (5): 

The succession adopted here consisting Lo,,,er and 

l-Iiddle lJalradian' (Rast 1963) ~ The Lower Dalradian was 

identif'ied in the central part of' Islay and·the'Oa only; 

it can be correlated to the Ballachulish succession. 

Middle Dalradian outcrops in" Kildalton, the ~outh-east of 

the Oa and the north~west of' Central Islay; this division 

can be correlated to Islay succession.Th~ Upper Dalradian 

is absent in the above-mentioned localities. 
\' 

2.2 Determination o:f Seguenc'e and Stratigraphic .Order: 

The recognition o:f the original lithology o:f these 

metasediments allows the stratigraphic order to be deduced 

in the n~rmal way up f'rom sedimentar~ structures such as 

cross-bedding, graded bedding, load and slump structures 

etc. Transitional passages from one :formation to another. 

can usually be demonstrated, and :from the persistence o:f 

associations of' beds along their strike :for long distances 

it is evident that one is dealing with a continuous 

sequence. tTpward transitions can usually be established 

oven though there is a considerable degree o~· tect~nic 

thinning and even sliding bet'veen members o:f markedly , 
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differing competencies. For examples 'there is n tectonie 

break the Loch Skerrol~ thrust in the north-west ~hich 

cuts out the part of' the }liddle Dalradian in north Islay 

and the whole Middle Dalradian, and part of the Lower 

Dalradian in the north-west of Southern Islay; similarly' 

the Central Islay 'slide ,,,hlch separates the Islay Antcline 

and the Mull of Oa Anticline. cuts out part of' the south­

east limb of' the Islay Anticline. The Null of' Oa Slide 

cuts part of' the middle Lower Dalradian in the Oa. The 

Beinn Dhann Thrust cuts the \\Thole Dolomitic succession 

of' northern Islay except for the outcrop just north of' 

Beinn Bhann, and is responsible f'or a dramatic thinning 

of' the Boulder Beds and the top of the Lower Dalradian 

to the south-west. Other stratigraphic, units 'have been 

thickened by complex f'olding. As it is therefore impossible 

to predict the real thickness of strntigraphic units, 

only apparent thicknesses are ref'erred to in this work. 

2.3 Lower Dalradian: 

This will be described in the areas of' Central Islay 

. and the Oa. Twel ve units of the LO\ver Dalradian 'were 

recognised. These f'orm tlie following succession, \vhich 

was corroborated on the ldlole by Rast and Litherland (1970). 

TOE Port nan Gallan Limestone 

Port nan Gallan Phyllite 

Dallygrant Limestone 

Baharradail Phyllite 

Cnoc Von group (a) Phyllite 

(b) Quartzite 

(c) Limestone 

Cnoc Don Quartzite 

Cnoc Von Transition 

\ ' 



Plate 1. Typical ,,,hite crystalline quartzite of' 
Moal an Fhithich. vccupying the north 
west clif'rs or the Oa. 

'Plate 2. Note the vertical dip or the 4uartzite, also 
tho f'lagginess or the quartzi to at the right 
corner or the photoGraph i.e. toward the east~ 
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Cnoc Don Slate 

Kintra Limestone 

Kintra Phyllite 

Bottom Noal an Fhithich Quartzite' 

2.4 Description of' the Lower Ua1radian: 

A - The LOlver l)alradian in the Oa 

12 

The Lower Da1radian in the Oa is tectonically dist­

urbed and some of' its above-mentioned units are missing. 

The succession is as f'ollOl'ls:-

Top Port nan Gallan Limestone 

Port nan Gallan Phyllite 

Ballygrant Limestone 

Baharradail Phyllite 

Cnoc Don Limestone 

Cnoe Don Quartzite 

Cnoc. Don Slate 

Kintra Limestone 

Kintra Phyllite 

Bottom J.Ioa1 an Fhithich Quartzite 

Immediately f'ollOlV'ing is a description or each unit 

f'orming the above succession:-

1. Moal an Fhithich Quartzite (~ig 6 ) 

The Moa1 E.nd l<'hi thich ~uartzi te is the oldest rock 

of' the area; however older rocks have been recognized 

in the Ba11achu1ish succession. ~ailey (l9I~), has 

recognised the quartzite as the oldest unit, occupying 

the core of' the Islay Anticline; the axis of' the later 

passes through the guartzit~. Allison (1933) came to the 

same conclUsion. 

---



... ~-..-
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Plate J. Typical l~m~nnted siltstone or the Kintra PhyJ.lite. 
Tho lamella~ show."Grading to the north. Note also 
the vertical dip of' < the rocks. The rocks here sho,"! 
younGing. toward ·the north. 

Plate l~. 

~ " \ 

Note the shear zone at the bottom or the 
plate. This plate was taken.rrom the 
Kintra Phyllite, south of' Laggan Hay_ 

. .' ~ . 

Plate 5. ·Note the dolomitic lamellae; the hammer head 
points in their direction. The shear zone 
occurs below the hammer sha:ft. \ To the top 
lef't corner t the dolomitic lamellae have 
been thinned; the black lime marks a zone 
of' shear or displacement • 

PIa te 6. }(1ntra Phy IIi te a t the Null of' Oa. The phylli to 
here occupies the clif':fs or the Mull of' Oa, just 
below the Monument. Note the shallow dip or 
SJ cleavage toward the north-west. Note the 
quartz veins having the same strike and dip 
as S). 
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The Hoal an Fhithich (.(uartzite stretches about three 

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

excellent exposures in the cliffs. The rock is white and 

crystalline in the north, changing to ~laggy in the south. 

The quartzite contains small pebbles of' pink granite, 

quartzite and feldspar. Some of the quartzite includes 

films of green to dark slate, and on the cliffs of' Alt 

an Duine tfig 6 ) (plate I ) facing the sea, the quartzite 

is conspicuously ;flaggy with layers of' phyllite 1 f'oot 

thick, and pebbles of' slates. Rast and Litherland (1970) 

described current bedding in thi~ quartzite ~hich i~dicates 

younging to the south-east. The '\~ri ter observed graded 
\ 

bedding, particularly in mic~oconglomerates (fig 6 ); 

as well as other w~y up structures; the latter show younging 

to the south-east. The quartzite has in general a steep 

dip to the south-east, and becomes almost vertical in the 

south lplate 2). In the north the quartzite in the south-

west cliff's of Lag-gan Bay is slightly shattered; the 

plane of shattering near the junction with the overlying 

rocks dpes'~ot d~sturb the stratigraphic succes~iori~ ,in 

the south, the quartzite becomes more :flaggy and sheared, 

a'nd its junction with overlying rocks is a tectonic one 

(:for detail see chapter 5 ). 

2. Kintra Phyllite (fig 7) 

:b~rom field evidence the' Kintra .Phyllite stratigra--

o -- phically overlies the Noal an Fhi thich Quartzite and under­

lies the Kintra Limestone._ This phyllite has been described 

as well as the rest o:f the Lower Dalradian by Bailey (19l~), 

Allison l19JJ), as one group named the }foai of' On Phyllito. 

This name has no place in this thesis, and ,,,hat was called 
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Noal of' Oa Phyllite has been broken down to several units, 

the stratigraphic position of' '\,,11ich is ,determined :from 

field evidence base on way up structures. 

The Kintra ~hyllite in the Oa outcrops in three 

localities tfig 7). In locality three the phyllite 

forms the core of' the Oa Anticline, in locality two it 

forms the core of' the Hull of' Oa Anticline, and in 

locality one it forms part of' the south-east limb of' 

the Islay Anticline. For a detailed description of 

structure ref'er to chapter 5' • 

The following f'our units can be identif'ied in the 

Kintra Phyllite. 
\ 

Silver slates' 

Laminated Phyllite ~ 

Dark, gray Vhyllite b 

Bottom Transition zone a 

The Transition zone 

This is see:p. only in locality one. Tho phyllite is 

semi pelli tic with small lamin,a of' psammi te, 1 : 2 Hr.l 

thick. ,Th,e' junction between the transition zone- and 
\ 

the underlying Moal an Fhithich Quartzite is strati-

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 

phylli te of' this zone passes directly up'\vards into the 

Kintra Limestone. No graded bedding was f'ound in it •• 

The dark, gray phYllite 

This sub unit occupies the core of' the Ua'Anticline 

the phyllite is characterized, on its dull lineated 
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cleavage surface, by a grey to greenish hue produced 

by chlorite in the rock matrix. Original bedding 

which is commonly seen, is exhibited ,,,ell in the 

washed exposures of }10al t;h~~asdail (a mile and a half 

,,,est of 1.0l'ler Cragabus). Here light and dark zones 

of sandy limestone and green graphitic phyllite rian 

easily be picked out (plate J ). 

The typical close lamination, is metamorphic in 

oFigin 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 across. 

The Laminated Phyllite 

This outcrops at locality J :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 ~e¥.e varies from 2 : 10 cm. 

Exposures are excellent on the shore of' Laggan Bay 

20 meters west of' Kintra ~arm, along the clif'fs west 

of Killeyan and on the cli:f:fs of' the Mull of' Oa; the 

lithology in these localities charac~istically 

associated, with 7 : 40 cm f'ine grained saccaroidal 

quartzite and buff to creamy, weathered sandy limestone. 

Along the south shore o~ Laggan ,Bay" is a well" 

. ~ 

exposed stretch of' the phyllite. l~e suggested laminates 

are well grad~d and show younging to the north and north-

east. The phyllite :forms large tracts of folded rocks. 

The jUllction bet''loen the phyllite and the limestone 



(Kintra Limestone) at Port Alseig is tectonic, ",,,here 

the central Islay slide separates the t,.".o units.' 

Besides these are small scale slides(plate 4 ) 

developed 50 meters west or Kintra Farm. 

16 

To the south-east the phyllite is ~olded in a major, 

scale and appears as several distinct horizons especially 

well shown at the' cli~~s west o~ 1.ower Killoyan. '1'he 

laminaes are well graded and small current bedding has 

been recorded at the top most part or 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 or about 30 meters or 

interbedded phyllite and rlaggy.limestone. 

The area has been a~fected by large scale F3 ~olds 

with rerolded F Z rolds (plate 5). Thes~ large scale 

rolds have considerably arrected the lithology or the 

phyllite. In the lower limb or the fold, the rock 

is more i'laggy and slightly higher in metamorphism than 

in the top limb or the rold (plate 57). This is in 

Keneral well observed wherever large scale. folds- occur. 

Ai'ter establishing the position of tho varved 

phyllite at the Kintra (arm and at Lower Killeyan, a 

Similar zone ~as round at locality number two, the. 

Hull or On. "The Hull or Oa Phyllite lt was given to the 

rocks which occupy tho central Islay by Bailey and 

Allison (.:. ;' ~. -1'he phyllite outcropping here occupies 

the core o~ a large anticline, the axis of which trends 

in a north east direction, passing in the vicinity of 

the war memorial '~lich is the main land mark in tho area. 



Plate 7. Kintra limestone at the cliffs of the }full of 
Oat 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. 

' ... -.. , .. " 

... 
) ---

Plate 9. Typical Gnoc von Limestone. The Limestone is 
gray with light-coloured stripes. (Tiger rock). 
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The p~yllite is very 'veIl graded and sho' ... easily 

.recognizable~ small scale current bedding; the cleavage 

bedding relationship is well observed and will be 

discussed in chapter S. All ·these structures prove 

that the rock outcropping 50 meters to the north-west 

of the ~emorial younging to the north-west, whereRo 

.the varved phyllite east of the memorial younging to 

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

,phylli te passes upw'ards into the Kintra Limestone. 

A traverse section from Alt na h-Uraich (140 meters 

north-west of the memorial) to ~ort nan Gallan (fig 8 ) 

shows that the phyllite is in its correct stratigraphic 

.position. 

The Silver Green Phyllite 

The phyllite forms the upper most sub-unit of the 

cXintra Phyllite. Its name is derived from the luster ot: 

the cleavage surfaces produced by the growth of white 

.mica. This sub unit is not ,.,ell represented in the Oa • 

. At (;noe Ard 250 me'ters Hest ~f' LOl\Ter eragabus, the 
. 

phyllite possesses excellent parting, and is intercalated 
. . \ 

,·lith thin 2 : 9 mm laminae of sandy limestone; the latter 

are in some places gray. The phyllite exhibits impressive 

facies changes from phyllite to limestone .. ' 

3. , Kintra Limestone (fig 9 .) 

The Kintra Limestone is the first major calcareous 

horizon in the IslRY succession • 

In the southern cliff's of Laggan Bay, about 400 

meters west~of Kintra t:arm, a stretch of about half a 

mile of' limestone has been discovered. The limestone in 

- .this locality 'vas first seen andrecognizcd by Hast t1968) 
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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 portion, becoming thick, dark 

gray and graphitic at its top.. The lower 10 meters 

of the limestone is flaggy and schistose becoming 

increasingly 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 ~ibs are good bedding indicators 

and form a tightly folded sequence. The uppermost part 

,of the limestone has been partly cut-out and partly 

.. transformed into graphitic flaggy layers by the Central 

;rslay slide. An apparent stratigraphic thickness of 

,th,e limestone has been established lfig 9 ). 

1 i .. \'" The same limestone .is folded on a major scale and 

~ppears in several distinct (fig 8 ) horizons especially. 

t~v~ll . shO'\ .. n at the south-west. cliffs of' the' Oa stretching 

fo'r 'about a mile and a half from Lower 1Cil~eyan to. Al t 

.na h-Uraich ll40 meters north-west of the memorial). 

,Here the complete section of Kintra Limestone is. 

represented from top to bottom and a stratigraphic 

section has been described (fig 91.) (plate 7 ). , 

This limestone has ,been described by the 'Geological 

Survey (19 07). Dailey (191~)t Green (1924), Gregory ll928 ), 

Allison (1933) and generally accepted as an outlier of 

Triassic age. This idea has no proof and the uriter has 

proved without doubt that this limestone belongs to the 

same horizon which o~tcrops on the south-west coast of 
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Laggan Bay (Kintra Limestone). The limestone in this 

area is part 'o~ the south eastern limb o~ a large scale 

.f'old which repeats the appearance'of' this limestone. 

Besides the well-observed primary structures t current 

and graded bedding t support this,~act. Lithologically 

the limestone resernbles~the limeston~ in Laggan Day and 

in other localities. The base o~ the limestone is well 

exposed at the c~i.f'f's west of' Lower Killeyan where the 

contact with the underlying rock, the llintra Phyllite f 

is transitional and the changes in f'acies is very clear. 

Away f'rom the base, towards the top, the limestone is 

never.f'ree .f'rorn dark graphitic slate which is interbedded 
, ., 

\ . 
with it, in some places the limestone is replaced by 

graphitic schist. At the top the limestone is dark gray, 

and small irregular concretation - like elll psoids':, of' a 

dolomitic nature (f'ig 9c) are discovered in it. 'rhe 

limestone has been ref'olded on a large scale which results 

in the repetition'o~ the limestone, and explains its large 
'.: .... '" . ." '. . . 

.... 
0--'-

apparent thickness in this locality. 

n 'i.' " ·The l,im.estone in the above-described locality' is. 

reg~rded by the writer as belonging to the Kintra Lime­

stone (Lower Dalradian) f'or the following reasons:-

'. ' 1. The facies change is a transitional one 

2. There is 110 sign of"unconf'irmity between 

the underlying Kintra Phyllite and· the 

oVerlying rocks. 

3. The strike of' the limestone and the 

:"(', phYllite are almost the~ same. 



4. The transitional passages :from the Kintra 

Phyl'lite to the Limestone can easily be ' 

demonstrated in the :field, and persistence 

o~ the limestone beds along their strike 

:for long distances (15 miles) convinces 

me that I am dealing with a reasonably 

continuous seq~ence. 

5. ]l'urthermore t graded and current bedding 

has proved that the Kintra Phyllite 

youngs towards the limestone, and the 

limestone youngs to the south-east. 

6. The lithological resemblance ''lith the 

limestone outcropping at the south-west 

or Laggan Hay, with respect to the 

metamorphism. 

7. Structurally, the limestone is a continuous 

south eastern limb or the Oa Anticline 

stretching :for about 15 miles. 

For the above-mentioned reasons the writer has no 

20 

doubt in including this limestone with the Kintra Lime-

stone. 

At 150 meters east o:f the Memorial (:fig 9 ) the lime-

stone outcrops again in the eastern limo o:f the Null o:f 

Oa. Anticline. The limestone is dark gray, graphitic. lvith 

good graded beddinG', which shows younging to the south- _ 

east (:fig 9 ). 

A calcite dyke cuts through the limestone' and the 

phyllite.. The contact with overlying rocks in the southern 

c1i:ff's o:f the J.lull o:f Oa, is transitional and the limestone 

passes to black "raphitic 1 t u s. a .e. 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). Tho contact here is 

tectonic due to the ef':fect of' the Hull of' Oa ,Slide, which 

is responsible :for the disappearance of' part of' the 

Lower Dalradian and thinning of' the rest in the Oa; 

details of' this is the subject deal t" with' in chapter 5 • 

4. The Cnoc Don Slate 

Typically the slate is black or dark gray, sometimes 

pyritous and graphitic. with a dull cleavage surface; 

bedding is occasionally seen as thin silty laminae but 

nO'\vhere as well developed as in the quarry-type locality 

a t Central Islay • Massive p~ds of' blac]<: and yellowish -

weathered limestone, are common in the slate at Central 

Islay and Oa. At the Oa exposures occur only east of' the 

Memorial; at Bruth~ch Hor, 120 meters west of' Port Nan 

Gallan, the slate contains graded laminae of' siltstone. 

Nowhere else in the Oa does the slate outcrop. 'rhe 

junction between the slate and the overlying succession 

in t'his locali: ty is tectonic; the Hull of' Oa :<;lido' cuts 
\ 

through it; developing a graphitic shear zone. 

5. Cnoc Don 4uartzite (f'ig 9 ) 
"-

The quartzite is completely cut out in the Oa by the 

~Mull of' Ua Slide. 

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 f'ound in it. 

This quartzite is ,,,hite, spotted with llthite i'eldspaa, and 

its stratigraphic position lies b.e..tlVeen two limestones: 



Plate 10. Note the unconrormity marked by the hammer and 
black line, between the blue and red dolomitic 
limestone tBallygrant and Port nan Uallan 
Limestone respectively) • 

.... ....... . . " .' .. 
" . " 

". . . 

. Plate 11. Graphitic conglomerate marking the zone or the 
unconrorMity, at the base or the Port nan Gallan 
Limestone. This zone outcrops inland south-

........ west of' Loch Kinnabus. 
0---

, . 

, ' ..... 



Fig 10 

o 

B,II 1\ :,: 1 .1 I, I 

ILI!ldlr.lddll 

IIInl'dlll]\.' 

p 11 ~ \ I I It' 



22 

underlying (Kintra Limestone) which is :flae-G'Y and sho,vs 

way up structures younging toward the quartzite. and 

overlying dark blue limestone (Ballygrant Limestone). 

6. Cnoc Don liroup (Limestone) (:fig 9) 

In the Oa. the Cnoc Don group are not well exposed. 

partly due to the effect of' the }1ull o:f Oa slide. Part 

of the Cnoe Don Limestone is exposed in the cliff's of 

Bruthoch Hor 130 meters west o:f Port Nan Gallan (plate 9 ). 

It is an impure limestone with numerous scales o:f 

calcite scattered in its surface. as well as some 

spheroidal shaped concre~tionsr 4"'in diameter. The 
"-

rock is cut by a calcite dyke 7 :feet thick; the dyke is 

pure calcite with reddish weathering surface • 
. --.,. 

7. ,tjaharr,tlail Phyllite (:fig 10) ...., . 

This is exposed in Alt na Cloiche Fionna 100 meters 

to the west of' Port Nan Gallan and stretches inland :for 

about one mile. It is mainly a graphiti6. muscovite-

chlorite or biotite phyllite, Thin psammtic and calcareous 

bands l : 3 cm thick,. occur in places, It has a typical.' 

close lamination of' composite cleavage (plate S'1 ) •. The 
\ 

phyllite in this particular area is overlain uncon:formably 

by extraneous rock which consists or boulders of' limestone 

and phyllite in a red sandstone matrix; :further, aliay, 20 

meters to the north along its strike, the phyllite passes 

upward conf'ormably into the Ballygrant Limestone (:fig .'L1). 

8. The Dallyarant Limestone (:fig 10) 

The limestone is exposed along the south east limb 

of' the :Hull of' Oa Anticline; it :forms a continuous bed 

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

. to slightly' yellow weathoring sur:face; veins of' pure , .. hi to 
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calcite intensed it and are clearly seen on a ~re8h 

sur~ace. Graded bedding in its sandy top-most bed show 

younging to the south-east. The limestone shows variable 

thickness along its strike; it has a maximum thickness 

o~ 60 meters in the Central Oa, thinning dramatically 

to the south-west, to disappear in the cli~f o~ Alt na 

Cloiche Fionne l~ig 11). Twenty meters to the north the 

ballygrant Limestone is disconformable with the over-

lying rock, Port ,nan Gallan Limestone \plate 10). A 

graphitic cone-Iomeritic zone o~ about 7" thick'is well 

identifiable in the field (plate 11). The line of 

disconformity between, the Ballygrant Limestone at the 
\ 

bottom and the overlyine Port nan Gallan Limestone is 

a sharp one~ The Port nan Gallan ¥hyllite is missing. 

The line of disconformity is a stratigraphic one as a 

rasul t of local erosion. This unconformity ,dll be 

discussed in more detail in chapter J. 

9. The Port nan Gallan Phyllite (~ig 12) 

This phyllite has a distinctive position, being 

exposed between ~wo characteristic limestones, the under-

lYing Ballygrant Limestone and the over~ying Port nan 

Gallan Liwestone. The phyllite is exposed on the south-

east limb or the }~ll o~ Oa Anticline ~or about 20 miles. 

, It has a variable thickness ,along its strike, chane-ing in 

thickness :from north-east to south-west. In the clif~s 

o-~ of Alt na Cloiche Fionna'it is represented by a conglom­

eritic zone of' 7" thick; f'or 2 miles inland, from Port 

nan Gallan to the south-east corn o~ Loch Kinnabus 

(figt1 J,' 'this conglomeritic is observed at the base 

of Port nan Gallan L~mestone. A l· d b th ~ s cxp a1ne a ove e 
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Plate 12. General view of the cliff of Port nan Gallan. 
To the extreme right, note the Islay Quartzite; 
its contact with the undoriying Boulder Ded 
is tectonic, mylonitization is shown. To the 
extreme left is the Port nan Gallan Limestone 
outcrop. Normal fault has displaced the rocks. 

Plate 13. Note the circular shape or the Oolite, suggesting 
a low deformation. The Oolite appears only in the 
Port nan Gallan Limestone • 

.. Plate 14 ... Cave filling in the Port nan Gallan Limestope. 
Note the huge boulder of limestone, quartzite 
and phyllite. Also note the slump of late 
structure due to the collapse of the limestone. 

, . 

<. 
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the conglomerate represents a period of erosion due to . 
local uplift and ~ollowing the deposition or the Port 

nan Ga11an Phyllite. 

The phyllite is black and graphitic on the cli~~ 

~acing ,liort nan Gallan, be'coming interhedded ,·lith 

quartzite and sandy dolomitic limestone 6" : l' thick.· 

It passes upwards tOlvards Port nan Gallan Limestone 

(~ig lla) at the north-east o~ Loch Ard Achodh •. 

10. Port Nan Gallen Limestone (~ig 12) 

This limestone is the hi~lest member aT tUe Lower 

Va1radian in Is1ay is overlain by the Middle Dalradian 

group, the Boulder Bed lHast 1963). Its thickness is 
- \ 

variable, a stratigraphic section ~rom Port nan Gallah 

has a thickness of' about 60 meters (:fig r). The lime-

stone is exposed in Port' nan Gallan to the west, in the 

cliff's facing the bay lplate 14) and inland ~orming good 

outcrops. It is an impure limestone - white, red, 

yellowish to dark-~o10uredt sandy in some localities 

, and' regularly bedded (often in beds from. 20-50 mrn 'thi·ck)._ 
, . 

.. It ,is· d~ videq. :i~t'o units which are of' tens' of' meters' 

thic·' ...... · 'El.· g'hty meters to ~ the west of' Port nan Gallan, 

on the coast-line, the Port nan Gallan Limestone lies 

discon~ormably over the Daharradail Phyllite, and 30 

meter inland it lies disconformably on the Ballyerant 

Limestone,- "lith a \'lell-observed eraphi tic conglomerate zone 

- o~ 7" thick at its base (fig 10 & 12) (plate 11). This 

conglomeritic zone is also observed in the clirrs racing 

. Port nan ballan and 2 miles inland in the south-west 

Corner o~ Loch .Ylinnabus., Above' the conglomerate the 

limestone is massive becoming rlaggYt to white on red 
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dolomitic in some localities. Oolitic structures have 

been recorded ~rom several localities, to the north-east 

of Loch Ard Achodh t and in a quarry 5 meters south-east 

of LOl'ler Crag-abus Farm (pla'te 13). The Geological Survey 

observed the presence o~ the uoli tic li'mestone wi thin 

the (Islay Limestone ~orrnation) at several other 

1 ocali ties (llilkinson et al 1907 p'p 33-5). All of' 

these localities have' been visited, and without exception, 

all belong to the I J ort nan Gallan Limestone.. In all 

localities in the Oa, the Port nan' Gallan Limestone 

is overlain unconf'ormably by the .1'ortaskaig Boulder 

Bed. 

B~, Lower Dalradian in Central Islal 

The Lower Dalradian succession is well exposed in 

Central Islay, 'tyhere the succession is complete and well 

established. Here the rocks occupy the cores of complete 

antiforms and synforms: the Islay Anticline and the 

Mull of Oa Anticline; and bringing the younger 'succession 

iri contact with the older one, to the south-east and 

tiorth-east at 'its closure. As will be seen lat~~ 

( map 1 
\ 

) the slide is o~ the same age as the folds. 

Although the area has more than one phase of metamor­

'phism, it sedimentary structures are still well 

cpreserved, and the ~ollo,Ying stratigraphic succession 

has been identi~ied in Central Islay. 

Fort nan Gallan Limestone 

Port nan Gallan Phyllite 

Dallygrant L~mestone 

Daharradail 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 exposed in Central Islay, 

except where rivers cut through the superficial deposits, 

exposing good cross sections. Three sub units of the 

Kintra Phyllite which have 'been described (plate l~ 

in the Oa localities, are recognized in Central Isaly; 

these sub units are:-

(a) Silver Slates 

(b) Laminated ~hyllite 

Bottom (a) Dark gray phyllite 
...... .,. ...... , " . . 

The transition zone is not represented in Central 

." ... :' Islay. 

a The Dark Gray Phyllite 

The phyllite f'orms the core of' the Mull of' Oa 

Anticline. This phyllite is exposed in the Glen Egedale 

east and west of' the (Port Ellen - Dridgend) rood and 

in the Glenegdalemor; here the phyllite is graphitic- _ 

blac:k , with a slightly greenish colour. Close f'oliation 

which is metamorphic in origin, is produced by the 

effects of' a composite cleavage sl and 52 striking 

.. ' to the north-east and dipping to the south-east. 



, . 

Plate 1.5. 
\, 

Kintra Limestone Central Islay. Here the 
limestone is gray and massive. Note the 
:Mullion structure on the bedding plane. 
The hammer sha£t points east to south-east, 
toward the plunge o£ the Hullion. 

Plate 16. Kintra Limest~ne Uentra1 Islay. Here the 
limestone occupies the closure o£ the Oa 
Anticline. The black line m~.rks the ~losure. 
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b - The Laminated Phyllite 

This is well exposed in Torra river east side of 

Do,vmore, Port Ellen Rood, and in Gleann nan Hallaichean; 

2 miles East of Hood. The phyllite is green, chloritic­

with pyrite crystal on its surface. No banding is observed 

but still dolomitic laminae are present. In some places 

the phyllite lith010gica1ly resembles sub unit three 

\the silver slates). The close lamination observed in 

the underlying dark phyllite is still present, and sl 

in some places has been folded. (See map ll». 

c - The ~ilver Green Phyllite 

This phyllite is 'veIl -exposed in the A~ .. ~'W!.tri-dail 

half a mile south-east of Kilennan House, and Abhaln~~ 

Hhogie. It forms the uppermost sub unit of the Kintra 

Phyllite. Its smooth cleavage surface has a greenish 

lustrous appearance. In the river near At~tri-dail, 

the pllyllite is intercalated with thick- (2 : 7 cm) beds 

of sandy yellowish limestone, anticipating the develop-
" ~: 

ment of the Kintra Limestone. IIere the phyllite exhibits 

_~mpressive facies changes from Phyllite to Limestone.- . 
\ 

At the core of the Islay Anticiine the phyllite is only 

exposed at one locality lG.R.3859). 

Kintra Limestone (fig 13) 

The Kintra Limestone in t;entral Islay is '\'lell 

exposed in the core of the Islay Anticline and the core 

of the Oa AntiCline ( map 1 ). 

The limestone in the Islay Anticline consists of 

a pale, schestose and sometimes dolomitic lOl'ier portion, 

overlain by a dark upper portion. The contact with the 

UnderlYing rock is not well exposed. Grading is Good 
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in the sandy limestone and shows younging to the north-

west. Rodding - a development o:f early boudinage 

structure along the bedding (plate 47) - has a trend 

to the south-east with a 40 0 plunge. 

·fhe limestone in the core o:f the Oa Anticline, 

is best exposed in llilennan river, below a water~:fall. 

Here the limestone is coarsely laminated and has a 

l.ight-coloured dolomitic, dark pelitic lithology, which 

gives it a striped appearance. The limestone forms 

the closure o:f the Oa Anticline (plate 16.), where the 

limestone steeply plunges under the Cnoc Don Quartzite. 

~2 cleavage is 'veIl developed throughout having a 

t.tnif'orm 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' Cnoc 

Don. The typical lithology is a black or dark gray, 

sometimes pyri ~ou~, grapl;ti t~c slate, ''lith a dull 

cleavage ~urrace; bedding is occasionally seen as 

thin silty laminae. The best ex~osures\ are in the· 

three quarries at (;oill a' Ghuail. Nassive pods o:f 

black and yellowish limestone are common (f'ig l3a ). 

The slate passes uplvards into a psammi tic phyllite, 

.5 :reet thick; the latter resembles the transition 

group o:f the Ballachulish, but is not su:f:ficiently 

exposed :for this resemblance to be conclusive. This 

transitional phyllite passes upwards into a massive 

quartzite Cnoc Don QuartZite. 



Plate 17. iypical outcrop or the Cnoc Don Quartzite. Note 
the white spot (~eldspa~) characteristic of that 
rocl~. Also note the croso-bedding. The rock 
in this locality has overturned and shows younging 
toward the north-west. 

: Plate 18. Typical rock of the Cnoc Von Uroup. Note 
the interbedded Limestone and Quartzite bed 
in the rock. The hammer head points toward 
the lioestone bed. Also note Fl raId marked 
by the 2p. coin. £he ycllcw pen shows the 
development or SJ cleavage. 

.. ..... -

Plate .19. 'I'he sur:face o:f the ~noc lJon Limestone has calcite 
scales. This has been recognized andis sho\vn in 
this plate. The match stick lies \'lithin these 
scales. 
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TIle Cnoc Don Quart z it e ( ri g ] ~ ) 

This un i t i expo sed i n Cnoc })on a nd strc tches 

t o t h e south - west ( Cn o c Cro ~M~ail) , f or a b out 2 mil es . 

It i s a thjck q u a rtzite t o the nort;J ,- east rut thins 

s ligh tly t o th e s outh- ea s t a t Cn o c Cr o a"Mh a il . This 

q u a r t z i te r orms t h c i nv e rt e d we st e r n Jimb of I s l a y 

An t i cli ne a s wi ll be discu ssed l at er . Ot ber exposures 

o ccur 2 mi l e s s outh - east o f t he fir s t loc a li ty , a t 

Kilennan river. Ifere the quartzi t<~ form the li lnbs 

o f' the Null of Oa Anticline; the south-east limb 

s tretches ror J miles to the south-west where it is 

t hin and cut completely 1..>y the Null or Oa Slides; the 

n orth-west limb is refolded rormine the Central Islay 

s yncline and is cut by the Central Islay slide see 

s ection 5 for detailed structures . 

The quartzite is ,~~ ite, spott ed with white reld-

s pal ' crystals (pl a te 17) Cl na its we a thered surface 

being a dusty grey . J.'he qu a rtzi te is graded ,vi th a 

b ase of' microconglomeritic at the south-east slope of' 

l- rtoc I."ro a ' Hhai l , l a r g e and s ma l l cro ss bedd i n g , h as 

bee n ob s e rved in t h e q u a rtzite . 

The vnoc Don Qu artz i te Ve st 0 ;l t r 8], IS l a y 

l lere the c ro s s beddinc i s s e e n a s th i n r ed strip s 

o n t he s t ep l)' cl i P: .ing surfa c e f r a c tures o :f th e wh i t e 

q u a rt z i te . Tho bes t st r u c tures ar e Se n i n th e Cnoc Cro 

a I j\U~ a il \ f i g 14 ) . The e xp o s ure o r c r oss - b edd i n i ncicate s 

t ha t t he bed s a r e i nvert ed t o\v a r d . t ~e , ,'e s t , and t ha t 

t he e n oe Don ,,~u al' tzi t e hav e lies st ratiEr aphic clJ J.y above 

t 1e l-no c von J.'rans ition Pl}yllite an(1 b l o\\' t he Cn oc n 11 

Gr ( r ' ) , oup \ , ,I n ston e . 





Gra ding i s observed a.nd i nd i c ates thaJc t he q u a r t -

zite YOUlle- ing and f a c es toward s th e n o r th-,\' st . Th i s 

indicates that this quartzite is a i'olded p a r t of th e 

main Cnoc Don (~uartzite forminG' an anticline and 

separa ted 1rom the south- e a s t limb of' th e Is J a y Ant i-

cline by Central Islay SlIde . 

The cross-b e dding a n d C'rad in ~ le a v e no ~oubt t ha t 

the stratig rapllic sequence in th e Cnoc Don i s a s 1 01 1 0ws : -

I(g) 
int erbeddect

l 
(f ) 

phyllite 

quartzite 

limestone 

quartzite 

\ e ) 

(d) 

t c ) 

~ b) 

some pellitic phyllite 

slate 

, a) limestone 

The enoc ;)on (hl;:lrt~ite South- East 01 Ce tral Isiny 

The quartzite here forms the south-east and north-

west limb of' the Mu l l of Oa Anticline . Cross-bedding 

and gradi'ng indi~a te that the quart 7.i te :forms an 

a ntic line ha~ine the same axis and plun g e as the Islay 

Anticline . The same strat i g raph i c seg ue n c e a s tha t 

established above in the Cnoc Do n a rea , oc c urs in thi s 

locality . 

Cnoc Don Group (fig 14) 

'l'he fo llowing suc c e s sion h;) v a b e en id pn ti:f'ie d in 

Central Islay 

Phyllite 

Quart zi t ~l 
tinterb cdde d 

LimestoneJ 
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The lithological character o~ this limestone is 

conspicuous that it can be immediately recognized in 

the rield. The characteristic member o~ the group 

is brown-l~eathering, crystalline dolomitic limestone. 

cream coloured or burr on rresh surraco. The limestone 

are interbedded with a ~ew impure quartzite bands 

(~ig 14) (plate 18) and pass upwards into banded 

quartzite; with a ~ew bands of the limestone. This 

agrees with the characters or the •••• described by 

McCall (1954)" Pitcher and Shackleton (1966) in Donegal. 

The banded quartzites are well exposed in the north-we~t 

or Cnoc Don", and oil the limbs of the Null or the Oa 

Anticline in the ICilennan RiVer. 

The limestone exposed in Kilennan river 60 meters 

to the we~t from a waterfall, here scales or ~lite 

calcite develop on its surface (plate 19) the scale-

like crystals form small isoclinal folds with random 

rold'axes. These structures are very similar to 
' .. 

, " , 

sun-crack structures; . their preservation is significant, 
.. 

since it suggests that casts and molds of' .organic remain. 

could easily be preserved in the Islay rock or similar 

low metamorphic grade. 

The abov·3-described beds pass uplvards into greenish 
, 

semi pelitic phyllite,. the latter rorm the highest 

member of t~e Cnoc Don Qroup; they are int~rculated 
...... 
-.- wi tIl calca)Ieous beds" up to 40 cm in thickness. 

Baharradail Phyllite (fig 15) 

The type locality is at Loch 1:laharradail where 

the relation of this phyllite with the overlying lime­

stone (Bal~ygrant Limestone) is best seen. In Central 
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Islay. the phyllite is exposed in several localities; 

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

is brought in contact with enoc Don Slates Cn9c Von 

Quartzite and Cnoc Don ~roup by the Central Islay ~lide. 

Other outcrops are in the south eastern side or the 

Central Islay Slide, forming part of the Oa Anticline. 

The phyllite is mainly graphitic, muscovite - chlorite -

or biotile bearing. Psammitic and calcanaous bands 

(1 : J em thick) occur in places, especially north-

east o£ Cnoc Don. The typical close ~oliation previously 

described in the Oa, is observed and is meta~orphic in 

origin, produced by the effect of composite cleavage 

(plate 57). Graded and current bedding in the psamatic 

lamellae in the south face of Beiun Dharrad, show younging 

to the north-west. The phyllite forms the north western 

inverted limb of Islay Anticline. It passes upwaI'd 

into the Dallygrant Limestone. 

rhe Ballygrant Limestone (fig 14) 

The limestone 'is exposed in the north-tvest and. 

~orm the £nverted limb o~ the Islay Anticline. The 

same limestone is folded on a major scate and appears 

in several distinct plaQes at Kattadale Farm and 

beyond to the south-east, and stretching to the north-

east for about 4 miles up to the quarry in Ballygrant 

village. The limestone is dark blue, veins.of pure 

calcite can be obseryed on fresh surfaces. Graded . 
bedding in its sandy: top most bed shows a clear 

younging and helps in establishing the sequence. Here 

the limestone is thicker than of the On reaching 70 

meters (fig 1). In the east of enoc na tri dail the 

limestone becomes a few 
meters thick. Tectonic thinnin~ 
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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 Ventral Islay 

than in the Oa. 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 ~n a 

contact ,vi th the .lslay Quartzi to. 

The phyllite in general is graphitic black, 
\ 

~ecoming interbedded with psammitic (sandstone and 

Siltstone) beds upto lh cm thick. The sandstone beds 

are very variable in thickness when traced laterally; 

they show small-scale percontemporaneous loading 

structures and commonly have ptygmatic and dykelets 

. ' .......... penet.rati~~ . ~o.'.".nwards from thei~ bases (t'ig16a). 

-. 

.. 

The phyllite everywhere underlies the Port Nan . . . 

Gallan Li~estone except at Abhuimn'at Sithein and' 
. \ 

100 meters south-west of Loch Allallaidh, and north 

of Loch f.ll.allaidh by about J 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 uncon~ormable 

llT'ith 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 • 
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Spencer (1966) described this phyllite, east o~ 

Loch LOssit underlying uncon~ormably the Portaskaig 

Boulder Bed; he regarded this phyllite as the upper-

most part or Port nan Gallan Limestone (Islay 1st), 

The writer visited the Lossit area and ~rom the mapping 

carried out in southern Islay, believes that Loch 

Lossit is an early FI ~old (fig 48) refolded later by 

Islay and Oa Anticline FZ' 

• 
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Plate 21. lypical rock of port nan Gullan Phyllite. 

. ' 

Plate 22. 
and 23. 

---
\ Plate 2J. 

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 
Gallnn Limestone, marked by the hammer head 
and ,the blue pen. The breccia preserve an 
early cleavage lpre-raulting). 
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The Nirldle Dalradian 

In this thesis all or those rocks above the' Port 

nan Gallan Limestone 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 

lsla.y, on the north-\'lest slope of' Beinn lihann and in 

the north-wost of' Tallant rarm; in the south-east or 

the Oa and in Kildaltol1., which form the south-east limb 

of' Islay Auticline. These rocks are re:ferred to as 

Kildalton and Oa succession. The general lithology 

consists of' Boulder Deds at the base of' the Middle 

Dalradian, marking the unconformity with the Lower 

ualradian, :followed by a dolomitic and thick horizon 

of' quartzite with a graphitic bed at its top, passing 

into phyllite interbedded ' .... ith quartzite and limestone, 

becoming grity quartzite at its top most part. Ten 

Units can be mapped rrom these localities as :fo1lows:-

TOE Ardmore Grit 

Ardmore Cong1omer.ate 

Laphroaig i'ormation pCi1da1ton Limestone 

LLaPhrOaig Quartzite 

Port Ellen Group 

Scarba Conglomerate 

Jura Slate 

Islay Quartzite 

Dolomitic Group 

Bottom 
Portnskait~ Boulder Hed 

~ortaskaig Boulder Bed 

Because of' its c~itical signiricance a detailed 

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 ll 

because of the occurrence within it, of granite boulders 

01' all sizes, dispersed through thick, unbedded pelitic 

quartzi te. The 80ulder Bed as a 'vhole contains many 

such individual bouldery horizons separated from each 

other by horizon of normal bedded sediments, mostly 

dolomites, siltstones and quartzites. 

StratigrRuhica1 Position in the Dalradian 

The Portaskaie Boulder Bed forms an excellent 

marker within the Islay succession of the Dalradian 

occurring between Port nan Gallan Limestone and the 

overlying Islay Quartzite, 'along a strike section wh~ch 

stretches from Perthshire in Scotland to Cannemara on 

the west coast of IrelandA Hast (1963 p. 125) has used 

the Boulder Bed to define the base of the Middle 

. Dalradian w'i thin his stratigraphical division of the 

Middle Dalradian (map,l ). The position of the Boulder 

Bed within the Islay succession is . shown in (fig 17). 

\ 

The earlier 'vork on Islay is summarized in the 

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

and the subseql.1ent ,·,rork resul !-ing from the paper by 

Baiiey l1915) on the Islay Anticline, is summarized 

tby Allison (1933 pp. 128-9). The surveyrecoanized the 

-'- overall Jux~a position of the Port nan Gallan Limestone 

((Islay Limestone). The Portaskaig'Doulder Bed, the 

. .,Lo, .... er Fine Grained Quarvzite. tpart of the ~ortaskaig 

Boulder Bed)" and the-Dolomitic Group; the way of these 

~formations was determined by Dailey and con~irmed later 

--
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by Allison 

In 1960 a paper by Pitcher and Shackleton discussed 

the succession in the Gara'\'":ellach Islay in relation to 

the succession within the Portaskaig. Kilburn, Pitcher 

and Shackleton (1965 p. )88) suggested a thickness i'or 

the f'irst time. 

In 1966, ~pencer (Ph.D. Thesis) gave a detailed 

stratigraphy of' the Boulder 13ed and suggested the thick-

ness of the Portaskaig'Boulder Ded in the title area. 

He suggested a thickness of' 750 m. for the Boulder Ded 

in Islay (1966 p. 347), which is much thicker than the 

Garavallaeh. These thicknesses will be discussed later. 

The Outcrops of' the Portaskaig Boulder Bed in 

Southern Isiay Spencer (1966) and other previous authors 

recognized f'1 ve area, which ,.,ere :first recoenized by the 

Geological Survey Hap. The author's have examined the 

areas 3, 5 and 6 in more or less detail, and visited the 

outcrop area (1) with Spencer. The stratigraphic 

sUccession in (fig 17) is the Tesult of' the work :from 

localities 3, 5 and 6 which have been exami~ed in, detail ", 

and which have provided most of the information. 

The BOUlder Bed in Port nan Gallan 

The boulda::." bed here is fairly well exposed along 

the shore of' the Port nan Gallan, and in the cliff's 

faCing it lplate 12}. Tlle relation of' t~e Boulder Bed 

with the underlying Port nan Gallan Limestone and the 

: OVerlying Islay Quartzite is 'veIl observed and very 

well exposed; the Boulder Bed lying unconformably (:fig IBn) 

over the Port nan Gallan Limestone. The followine units 

have been established in tho area, part or the exposure 

ito tha south-east is COllcealed by the higller water tide. 



Plate 24. Boulder bed rrom Port nRn Gallan. Note the 
boulders or limestone, granite and quartzite, 

Plate 25~ Note the small scale sandstone dyke cutting 
across the bedding plane, and folded. Also 
note the alignment or the pebbles with the 
Sl and 82 cleavage. 

,-

Plate 26.', One outcrop of' the Boulder .tied recognized 
in the Oa. Note the dolomite and quartzite 
boulder in the sandy mat~ix. 

Plate 27~ 
, , 

,'The conglomerate bed ,dthin the portaskaig 
Doulder Bed is very clear, on the northern 
Slope of' !jeinn Bhann. 



Plate 24. Boulder bed rrom Port nan Gallan. Note tho 
boulders or limestone, granite and quartzite, 

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

Plate 26. One outcrop or the Boulder ~ed recognized 
in the Oa. Note the dolomite and quartzite 
boulder in the sandy mat+ix. 

Plate 27~ . The conglomerate bed ,~ithin the .portaskaig 
Boulder Bed is very clear, on the northern 
slope o:f .ueinn Bhann. 
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The contact of the Boulder Ded with Port nan (Jallan 

Limestone ~s very well exposed 'in the area to the west of 

Port nan Gallan. There t:figlHa) the lowest Boulder bearing 

horizon is sandy dolomitic 1 meter in thickness and lies 

disconformably on the top o:f t'he port nan (Jallan Limestone. 

The boulders are of limestone-and granite, the later forming 

less than 28 o:f the clasts and pebbles of quartzite. 

Overlying the basal dolomitic bed is a thint sandy quartzite 

with boulders of limestone and gran~te. Next in order 

Comes 4 meters of' sandy calcareous shales ,~ith 'rusty 

\-'eathoring, containil1B' slightly larger boulders (up to 

1 f'oot long) of yellow 'and red dolomitic limestone, 
, 
\ 

qcartzite and granite. The boulders ~n the above-mentioned 

beds are elongated parallel to the beddinB' plane and 51 

, cleavage (pl. 25), the longest pebble axes trending 

approximately to th~ no~th-east. uracks have developed 

almost parallel to the intermediate pebble ax'is. Nowhere 

else in ~outhern Islay is this phenomenon observed. The 
'. ..... " 

calcareous ~eds are followed by a' sand dolomitic bed 2 

cieters thi~k'~ith. pebbles of' quart~ite 2" in dinmet~r, 

and no bOulders of either granite or limestone are f'ound 

in it. Th~ contact between these two dolomitic and the 

underlying shales is a tectonic due to a str~ke sl~p fault 

at their junction; the Geoloeical Survey (1907) has 

. .. :' ... 

also recognized th~ same. Following th~s bed ~s a succession 

(f'ig18a) of' 4 beds: sandy sha16, alternatively with thin 

quartzite, the thickness'of' this succession is 9 meters. 

Overlying this suc~ession is quartzite bed J meters 

thick including boulders or Granite only. The bverlying 

t,\,o beds are of' sandy calcareous shale, and sandy quartzite; 
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they measure 4 meters in thickness. 

'fhe top of' the Boulder Beds in the Port nan Gallan 

is truncated obliquely by the Bheinn Dhann thrust under 

the Islay Quartz! te. A f'aul t running north-\'1est south-

cast displaces the Boulder Bed in the north-east clif'f' 

f'acing 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 sandy calcareous bed ·at its 

bottom to sandy shale at the top; boulders of'"limestone 

are recorded in the lowest beds; no other boulders 

have been observed. 
\ 

Several small exposures 'of' the portaskaig Boulder 

Bed outcrop at localities (2 and 4) (f'ig18b); scattered 

limestone boulders are seen at these localities, sandy 

shale with quartzite pebbles at the top of' the beds. 

~hese exposures aresuf'f'icient to indicate that the 

Boulder Ded in Islay is continuous persisting f'or about 

20 miles aloni the strike. 

"B~in~.Bhann· B~uider Bed 

The Boulder Bed which outcrops on the north and north-

west of Beinn Bhann If'ig18c) (G.R.3855),stretches to the 

north-east and the south-west for about 3 miles. 

Seven boulder beds (f'iglSb) interbedded with quartzite, 

limestone and siltstone occur at Deinn Bhann. All of' the 

seven beds contain outside dcrived clasts (interba5ial)t 

the lower f'our have interbesial and dolomitic clasts (the 

interbaSial (granite» clasts having slightly higher in 

percentage than the dolomitic one), where as the f'ifth 

and the sixth beds contain only'interba:s.lal (granite) 

/ 
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clasts with rew scattered dolomitic ones. The topmost 

boulder bed in this area is quartzitic and is exposed 

along the north-west or Beinn Dhann. An unstratified 

packite conglomerate (plate 27) bed resting on the top 

or the rirst ~our 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 Heds. lIe regarded 

the presence or sbch a, conglomerate, as evidence or the 

action or extremely powerful water currents, which are 

most likely to occur in an interdial or £luvial environ-

mente 1'he conglomerate was deposited as a result or 

the removal of the sand and silt ~roM the sediments by 

melting ice beres, by settling through water and later 

transportation of the boulders by current action. This 

c Oll{;lomera te overlies Boulder Ded No. 35 of the Upper 

Doulder Ded ~~pencer 1966) in the Garavellach succession, 

and is absent from Islay succession. I~ this is so, then 

the conglomerate is a produ~t of erosion, rollowing a 
. ". 

, loca'l, uplift, (s'tratigraphic break). This deduction is 
\ 

reasonable since there is no proof or any tectonic events 

a't the base of' the conglomerate, and secondly sj.nce bed 

No. 35 is absent rrom Islay succession. Lithologically, 

the conglomerate bed in the uaravellach has granite clasts 

only, whereas the conglomerate at Beinn Bhann and in the 

Portaskaig includes granite, limestone and quartzite clasts. 

The present writer also f'ound phyllite clasts ,,,i thin the 

conglomerate at Heinn 13hann. The later changes in the 

lithology or the conglomerate can be attributed to the 

uplif't and resulting deeper local erosion. 
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Plate 28 
and 29 

Large and small scale cross-bedding are often 
seen and recognized in the Islay Quartzite. 
IIere are two plates rrom two localities p showing 
the typical cross-bedding in the quartzite; 
both show youncing direction to the south-east. 
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The Doland tic GrouE 

This g-roup is exposed only on the north-,.".est slope 

or Beinn Bhann. The persi~tant non-appearance or the 

dOlomi tic group else,.,rhere is due to the intervention 

or the Deinn Bhann thrust. Bailey {19lo p. 158) regarded 

its disappearance as a result o~ a stratig-raphic thinnin6 

the tDolomi tic Group) in a southerly direction. 'i'his 

claim has no basis and mapping- shows it that the Beinn 

Hhann thrust p~ays a big role in the thinning and dis-

appearance o~ the succession in the south-east limh or 

the lslay Anticline. Also the thinning may be that 

,.".hich occurs in the limbs o~ similar-type folds t Class 

2, Ramsay 1962); this argument is supported by the ~act 

that the ~slay and the Ua Anticlines are similar-type 

rolds. 

'1'he uolomi tic Group is composed of a sequence or 

,,,hi t e, yello\.". and brOl'/n dolomitic rocks, interbedded 

with dolomitic, green phyllite on 1.,5 mm thick, and 

the result is a dominently bounded lithology. This 

group underlies the lslay ~uartzite 'and overlies the 

Portaskaig Bould~r Bed. 

The Islay Quartzite (fig ,19) . 
The follo''linff Succession has been determined in" 

Southern Islay. 

Loch AlI~llaidh Quartzite 

Beinn Bhann Quartzite 

The succession is l;'ell exposed along the south-east 

limb of' the Islay Anticline stretchinG :from the Sound of 

Islay to the port nan Gallan 'in the Oa •. It forms the 

thickest units in the area. 
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Deinn 13hann l{uartzi te 

This unit is stratigraphically younger than the 

Uolomitic Group. In places it overlies the Dolomitic 

Group, while in others it overlies the Boulder Hed 

or even the Port nan Gallan Limestone; this angular 

unconformity is due to the Heinn Bhann thrust. The 

quartzite is \vhi te, vitreous and fine grains. Its best 

seen in Beinn Hhann 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 

exposed in the Oa and Kildaltonj extending from the 

Sound of Islay about 300 meters from Portaskaig to the 

Port nan uallan in the Oa. 

The rock is a coarse, pebbly (pebbles reach 5 r.Jrn 

in diameter) intercalated with thin schist at its top. 

At Kill1.aughtol1. Bay l} miles west of Port .l!;llen the 

~uartzite is flaggy and slightly schistose. 

The Loch Allallaidh Quartzite becomes an outstanding 

Ii thological unit, 'vhen it is traced to the south-west 

slope of' Beinn Dllann. Cross-bedding and grading are 

found almost in all the exposures o~ tha quartzite and in 

particular are very good in this locality (plate 28 & 29), 

slump folding and large scale sedimentary dyke injections 

.. _- are also observed. The graded and cross-beddine and other 

primary structures show· younging to the south-cast. The 

rock has a constant strike to the north-east, except at 

Rubhs Biorach (south o~ McArthur's Head); the strike 

s\dngs to the north-south direction. This might be due 

to t.Ile ei'f'ect of the break of Jura and Islay (Sound of 
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',Plate 30. This plate shows the typical Jura ~late. 

'. 

TIle plate is taken ~rom the shore near 
Port Ellen Lighthouse. lrland the slate 

.J is pure and has be en quarried • 
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Islay) ; the later break probably being a result o~ 

:faulting. 

'Jura Slate (:fig 20) 

' .. ,,,: :',~, 'This unit is a subj ect o~ controversy in its 
/ 

~tratigr~phical position and requi~es a somernore detailed 
/ 

discussion ":_ 

" ", The Geological Survey (1907) regarded the Jura Slate 

as anup-f'old of' the Port Ellen Phyllite. The Slate ~rag-

mentshavc accordingly been taken as conclusive evidence 

thatlih~ ralay ~uartzite is of' later age 'than the Port 

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

agreed \vith the Geological ::,urvey that the Jura Slate is 

o'lder than Islay Quartzite. Bailey (191~) has proved 

that, :the Jura Slate is younger than the Islay Quartzite 

and:older than the Scarba Conglomerate t~ig20b). A~lison 

(193J) agreed \vith Bailey on the stratigraphic position 

brit~if':fered with him as to the structure (:fig20c). 

The Jura Slate is best exposed north Port Ellen 

Lighthouse and on the southern coast at (Alt an Daimh). 

,The l"ater is the type locality of the controversy. Othe'r 
\ 

exposures occur along its strike and have the same 

stratigraphic position as described below o 

, ':" At the Port Ellen Lighthouse, the slate is grey to 

black, and 'overlies the Loch Allallaidh Quartzite. Here 

the,:slate is not affected by any structure, and its posl tion 

'-'-i~ ~lear. A 5 meter zone of quartzite muscovite-bearing 

and talcoro in appearance is observed at its hase. Over-

l'ying the slate is tho Scarba Conglomerate; the junction 

i's' marked by a facies changes and slumps of' slate form 

apart of' the Conglomerate. 



. , 
The present writer agrees with Bailey on the 

~tratigraphic position of the slate as exposed at the 

1~4 

II' cliff' of' Al t an Daimh, but diff'ers :from both Bailey and 

J\.l1.ison on the structure If'ig20d). The slate is grey 

impure at the bottom becoming graphitic at its top. 

To the west of this locality Loch Al1.allaidh Quartzite 

pa~s~s upwards towards the grey sl~te with a well 

observed transitional zone. The slate has been folded 

in a series of' folds, and the lack of' detailed mapping 

resulted in the previous conf'licting interpretations. 

Graded 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 Gonrrlomerate (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 clif'f' of' Alt an Daimh; other good exposures 

are at the Oa and Kildalton. The conglomerate consists 

of' se~eral horizons leach 50 cm thick) separated by shale 

beds U'ig2Ia); the sbale is greyish red, dolomitic with 

a reddish weathered surface. 
, , 

" 

The conglomerate is composed 

almost entirely of' rounded white and bl~e quartzite pebbles, 

enclosed in a quartzof'eldspathic matrix. Pebbles and 

bould~rs of black graphitic slate (plate 31), phyllite and 

dolomitic. limestone; 

The 'quartzite pebbles 

the later are the least numerous. 

are elongated, varying in length 

f'rom,3.8 em and gently plunge in the north easterly 

direction. ~ 1 t 
~Jle cong omera e shows a f'acies chanGe uith 

the underlying (Jura Slate) and overlying (Port Ellen 

Ilhylli te rocks). 
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Plate 31. Th~s plate shows graph~t~c slumps ~n the 
Scarba Conglomerate, ~nd~cating that the 
Scarba Conglomerate is younger than the 
Jura Slate. 

" -

Plate 32. Here the junction bebveen the Jura ~late and 
the S~arba Conglomerate is ~el1 shown. Note 

.the antii'orm in the conglomerate and the 
, isocl~nal folds in the Jura ::;late. The 

junction between the two are marked by a small 
,slide. ~rading in the conglomerate shows 
younging direct~on to the south-east. 
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; Port Ellen Group t:fie 22) 

This group is exposed in Kildalton and the Oa. The 

:following units havp been recoenized in the above localities. 

Top Port Ellen Flagstone 
" 

" Port Ellen Phyllite 
..... " \' 

Bottom Kilbride Limestone. 
') 1-'" l 

Kilbride Limestone 
l : ~ ;. '!. \ ~. 

This limestone is exposed only at Kildalton (:fiG'22b), 
, ~", , ,1 ' 

100 meters north of Kilbride farm, 2 miles north-east of 

Port Ellen village. The limestone is sandy an~ yellow to 

grey in colour. The rock overlies the Scarba t;onglomerate. 

Nowhere in Southern Islay is the limestone exposed, except 

a t the above-mentioned area; elsewhere it may hmveve:r be 
'< " I • ,-',. • [ ~ 

~overed under the superficial deposits. 
: ~ '> I' f 

In the Oa and 

north-east Kildalton in particular the Scarba Conglomerate 
... ...:, , : I l ! " 
is overlain by the Port ,l!;llen Phyllite. 
~, t, ~ 1 -; .,~,~ > 

Port Ellen Phyllite 

The rock is highly deformed':. compared to the roclcs 

~'" ' surrounding' it; 
~ ; P \ 

.~,:f epidiori~e 'sills lvhich have affected the. rock. so badly 
J \ ~ " :... '. 

that in some plac~s it is impossible to mkp • The 'phyllite 

i~ intenSively folded particularly in Port Ellen village 

and in the Ua. 

'J:h~ prevalent rock type is a silvery-grey, sandy 

phylli~e 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-polite (plate 33). 
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Port ~llen Flagstone 

The unit is composed or interbedded phyllite, 

quartzite and limestone beds, 30 cm thick. The phyllite 

is green and chloritic; the quartzite has a greenish 

dirty colour; the limestone is sandy and yellm" in 

colour. In some places the quartzite beds show irregu-

lari ties at their base (f'ig22a); the later show rhythmic 

undulations, ''lith slightly rounded crests directed up-

wards. The phyllite belolY f'ollm.,s the undulations, 

coarse grains occupying the'hollows. This indicates 

that the undulation rormed early enough to efTect the 

ci'~posi tion. Also spheroidal shapes "probably grains" 

have developed at the base of some quartzite beds, 

developing later into concretion - like shapes (fig22e). 

Ripple marks large undulation of unknolYn origin nnd 

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

stone passes up-ward into the Laphroaig Quartzite • 

. ~., .. ~~phroaiff Formation (fig22b) 

This fprmation is exposed only in Kildalton, and 
.' 

'6~tisi~ts oi thick.qua~tzite interbedded w~th phyl~it~ 

at its top becoming calcnreous at its top most part. The 

fOl.lm'ling units have been described. 

'roE. Kildalton l .. imestone 

Bottom Laphroaig Formation 

This formation follows directly to the south-east of 

Port Ellen Flagstone. It extonds along the south-east coast 

from soth-east Laphroaig to the north Kildalton house and 

:forms the rocks of' the lsle of' Texa. Epidiorite sills are 



Plate JJ. This plate 
the Scarba 
l'hyllite ., 
phyllite. 

shows the transition zone between 
donglomerate and the Port Ellen 
Note the slump structure in the' 

• •• r'o ... 
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,co_mmon. 'throughout this Rrea, Rnd disturb many of' the 

outcrop;s~' c~usinff the disappearance of' the top most part 
~ ,~ 

of' the Laphroaig Formation along the coast. 

"i'he Formation consists of' thick quartzite (Laphroaig 

Qua~tzite) with red dolomitic phyllite interbedded within 

its:top. The base or the quartzite is best seen at Loch 

Iar~cin; here the quartzite is ~ine to medium erains 

(lIpo'~'r;1 quartzite) and preserves good graded bedding. The 
,-,. :," 

quartzite iri Laphroaig consists generally o~ reddish, gray 

quartzi te ,vi th bluo quartz grains. At Loch a t,;hnul c ~ at 

Locl~';Ant Saicein and in the east coast - north o~ lCildal ton 

HOci~~;~ the quartzite is schistose alternatinc with thin 

bods 'o'f' dalomi tic phyllite. Graded bedding and other 

primary structures have been seen in some outcrops.' The 

Laphroaig Formation passes upwards into Kildalton Lime-

stone'. 

Kildaltori'Limestone 

"". This unit is best exposed 100 meters south-"rest· of' 

Kildalton House and in tho east coast or Ardilistry Bay. 
>".':.' j , 

No other outcrops have been ~ound du~ to the nature of 

th~~t~~rain which is either bRdly af'f'ected by the 

epidiorite sills, or entirely covered by peat. The 

lime'stone is sandy, brmvn to bu~~ in colour and has a 
. \ ~' ! 

thickness of' 8 meters; its top is not seen. 

Arrl~~re Conglomerate (~ie 2J) 
~.L i 

The Conglomerate is exposed in tho south-oRst of' 

Kildalton and stretches ror about 2t miles f'rom Hudha na 

l-Iuirlain (JOO meter~ f'rom Ar-dilistry Bay) to tho east 

coast. 
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,Its phenoclasts are quartzite pebbles, phyll.i te and 

reddish dolomitic limestone boul.ders up to 25 em long 

lplate 34 and 35). The conglomerate shm"s very good graded 

"beds and facies upwards (pebbles oize decreasing to 3.5 

mm in diameter). The pebb}-es are elipsoidal. to rounded 

and telld to be elongated in the north-east direction. 

'rhe phylli to pebbles are green and may be of' igneous 

origin. Towards to top of the beds, only quartzite 

pebbles arc recorded. The Congl.omerate passes upwards 

gradually into the Ardmore Grits. The junction of' the 

conglomerate ,,,i th the underlying rock l the Laphroaig 

Formation) is not clean, since it is obscured by continuous 

epidiorite sil.ls. 

Ardmore Grits tfig 23) . 
if '" 

The grits are exposed in the south-cast of l\ildal ton, 

and overlie the Ardm~re Gongl.oruerate. The grits are 

general.l.y course to medium grained and have a high feld-

, .. ,~?~~hic, . <l:ua:r-:t~i t~ , with angular,. to, sub-rounded g~<:j.in$ •. 

.' 
The quartzite i~ of'ten thickl.y bedded (60 cm), it is 

whoie' tliickncss, is 'not accurate since ~ts top if? not 

'seen. The quartzite aregenerall.y pure; black slate and 

greHn phyllite are rarely present. splarica1 shapes have 

been recognized \plate 36), having a constant direction 

and plunge to the north-east. These spherical. shapes 

",a,:"e., reearded as product s of di:f:ferential in the grits -

lithology. 
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Pl~te 34. This plate shows the Ardmore Conglomerate, 
of Middle ualradian age. Note the dolomitic 
fragments in the bed. 

\ 
\ 

Plate 35. Ulose-up photograph of plate 34, showing 
typical dolomitic boulders and pebbles 
in the conglomerate • 

. .. , 

, . 

, . 

, . 
lJlate.36. 

'. , 

, L ,~ 

....... 

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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SEDIHENTATION 

1. Introduction 

The 1lalradian stratie-raphy and sedimentation have 

been subjected to vigorous sedimentological interpretat­

ion; Bailey 1930, ~utton and Watson 1955, ~mith and nast 

1958, Knill (1959, 1963)~ ~hackleton 1961, 'latsjon 1963, 
'-.../ 

Kilburn et al 1965, Roberts 1966, Spencer 1966, Kennedy 

1969 and Litherland 1970. The previous workers adopted 

di~rerent techniques: ~ome making use o~ current 
, . 

bedding and other primary structures to determine, the 

direction or current rlow, others making"use o£ 

sedimentary a~£iliations ror regional correlation. 
, 

All, however, were raced wiih ~everal problems e.g. ~he 

lack or in£ormation due to the absence or detailed mapping; 

the sedimentary' structures are allfays de:formed, resulting . . ' , 

in raIse in:forrna tion, unles's un:folded ~Ramsa.y 1961). 

Even so, there is still a big probability of £alse 

information, i£ the area have been affected by more 

deformations, or ir there is a discontinuity or a unit 

"'acrbss, th~' strike. 

,," The rocks or southern Islay are ,.,el1 exposed across 

the strike and form'shelr deposit sediments. They also 

. form part of tho Lower Dalradian,and the wIlole o~ the 

Middle Dalradian. The metamorphism in Islay is low grade. 

Thus in this section the present writing has ~ unique 

opportunity, in the light of this new information, to 

interpret the sedimentary history or Islay and if possible 

to apply to the Iltay and the Dallachulish successions 

iri'the main:land of Scotland. Two attempts hav~ been made 

. 1'n' reSolving the direction of the current rlo,'I. :r'irst 
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using current bedd~ng (f~g 19) in the Lower and Middle 
'" 

~.al.radian. and secondty, the elongation of the pebbles 

in the Scarba ~ongl.omerate. In both attempts allowance 

has been made ~or error ~n readings, and the effect of 

the strain specially for the pebbles, and correction 

for both plunGe and dip in the palaeocurrent measure-

ments has been made. However there are only two major 

deformations in Islay, these are associated with F2 

~~lds and F
J 

folds. Islay has escaped the first pha~e 

~;r metamorphism associated with FI folding the major 

deformation in the main land of Scotland. Also F
J 

~<?lding in Islay is slightly ,weak, so the correction' 

in 'the rotation of the palaeocurrent, and the pebbles ' 

is very small. 
:~ ~: 

2. The Lower Ualradian 

The Lower Dalradian Section (2) begins with Noal 

an,Fhithich Quartzite. This quartzite is current 

bedded, ~t is pebbly at its base, and interbedded with 

sl,ates; marked a shallow 'iater deposi1: of a slightly 

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

~resent a change in the environment of deposition to 

,a much quieter onvironments; this can be demonstrated .. \. 

by the first two units of the Kintra Phyllites group 

section ~2). The upper-most unit (the lamcnated beds 

~r clay and siltstone) show current bedding in the 

s~ltstone; this is an indication of period of some 

~~~bulence. Tllese deposits are gradually superceded 

bY,sandy dolomitic limestone, and dark graphitic 

limestone lKintra Limestone)~ These are shallow water 

depOSits, representing gradual change from aerated 

I 
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to euxinic conditions. The Kintru Slate ' .... hich follows 

the Kintra LimesLone has pyrite crystals commonly 

associated with euxinic condition~. The Cn~c Don 

Transition, and the Cnoc Don Quartzite represent a 

change to high energy conditions, probably due to the 

uplift of' the source area, which has been recognized 

in Islay (Section 2 p. 30); as a resuit of' this uplif't 

rythmic inf'luxes of' coarse sand (f'eldspathic), becoming 

massive pebbly quartzite beds with large scale current 

bedding, which show :flo, ... f'rom the north-,,,est and the 

west (fig 14) but do not necessarily indicate the 

source-direction (Potier and Pettijohn 1963). The Cnoc 
\ 
\ 

))on Quartzite represents a shallow vater, high curreOnt 

intertidal domain (shelf' marine). Litherland (1970) 
" . ,. 

regarded the current bedding in the equivalent rock of' 

the llallachulish succession to be due to the constant 

sorting of' abraded grains resulting :from succession 

'increments of' f'ilie material, and denied any action of' 
. .. ' . 

high currents. His assumption might be valid in the 

:':Loch Crenan" bu~ in,Islay, the current bedding up'to. 

10 :feet long, cannot have been produced except by 

high current action Dailey (1930 ). 

The Cnoc Don Limestone is a layered sequence of' 

dolomi te limestone, quartzite interbedded ,,,i th limestone 

and Coluartzite interbedded with dolomitic phyllite. The 

•• I' ..... 

group represents a period of' instability in the sedimentary 

. basin, during '~hich uplif't 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 shallo'\~ ''Inter 

deposition. '1'his suggests that the dolomitic is of 

ev:aporite and not metasomatic origin. 

The Vaharradail phyllite, is current bedded in its 

psa~nite lamellae the Ballygrant Limestone, also has 

'current beds (plate 20) Tllese LJ.·lllestones as well as • 

the ~ort nan Gallan Phyllite and the Port nan Gallan 

Limestone. (the upper most unit of the Lmmr Dalradian), 

represent a return to th~ euxinic, low energy conditions, 

and complete the rep~tition of the Cyclothenic deposits 

of' . the 1..Ol.;er lJalradian Geosyncline in Islay. The 

unconi'ormity recognized in the southern part of the Oa 

(fi~ 11), between the Port nan Gallan Limestone and the 

Ballygrant Limestone, is marked by a graphitic conalomerate 

for a distance of 1* miles and a half. To the south-west .. , , .. 
of the above locality on the cliff facing the sea, the 

Port nan Galian Limestone lies directly disconformable 

.on the lJaharradail .phylli to (:fig 11). This, indicates 

.a ·local uplift of the source area and partinl uplift on 

t~e edge of the Basin 'fig 24). which resulted in the e~osion 

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

Limestone. This local tlplift seoms to be of great' 

importance in the shape of' the Geosynclinal ,basin for 

th,e. LOl.;er Dalradian and the Niddle Dalradian. The thinning 

o~ the sequence to the south-west, lsee paragraph;3.1 

in this section and fig 24b) ,is attributed to this uplirt • 

The LOlver JJalradian in Islay as a ,,,hole is of the 

o~~hoquartzite carbonate suite (Pottijohn 1957) which. is 

:formed of' quartz'i te , shales, limestone "01' (mxinic facieG, 
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and pyrite-bearin~ sedimentary beds. From the point and 

the discussion forward in this section tho write~ concludes 

that the sediments or the Lower Dalradian in ~slay belong 

to the shelf marine to epicontinetal domins. 

3. The Hiddle Dalradian 

The Portaskaig Boulder Deds f'orm tho base or the 

Middle Ualradian. The depositinal environments have 

been discusse~ by the f'ollowing authors:- Shackleton 
-dJ 

1961, Knill ,,196), 1vatson 196,3, Kilburn( 1960, Robert 

1996 and later. in more detail by Spencer in 1966. The 

writer agrees with Spencer in attributing tho origin 

of ¥ortaskaig Boulder Bed to a ground icc sheet. Dr. 

D. Klein (1970) tried to explain the deposition and the 

origin of' the ~addle Dalradian, by describing, the Lower 

Fine-~rained ~uartzite and applied his result and inter-

pretation to the main quar~zite \Islay, Jura ~uartzite), 

assumed that the fin&Grained Quartzite is part of' Islay 

quartzite •. The present author haB f'ound 'that the tine-. ' 

Grained o~artzite -(Geolciii~a1 Survey 1907 and Dailey 1916) 

i~ the upper most· unit or the Port~skaig Boulder Beds, 

and has scattered Boulders of granite measurinF, up to 

40 cm in diameter. Regar~ed to its stratigraphic the 

. ~ine-Grained Quartzite lies directly underneath the 

t»0:l:0mitic_Group which' is younger than the Islay Quartzite 

(Section 2 p. 37). 
, •.. ' .;' 

Theref'ore, Klein's proposal /t~x the 

origin of the Precambrian Quartzite of' Islay is rejected 

since there is no resemblance between the Fine-Grained 

l{uartzi te of the upper Boulder Bed and the Islay Quartzite, 

the main quartzite of the Middle Dalradian. 
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,!3.l The Portaskuig Boulder Bed lies unconformably on 

,the LO\'ler Dalradian. The Doulder Bed includes clasts 

,from the Lower Dalradian Wllich indicates uplift and 

erosion of the latter at the time of deposition of 

;the boulder bed. The lower Boulder Bed was deposited 

,yithout any noticeable break. .11. conglomerate bed has, 

.been recognized by Spencer in the Gartavellach, the 

, .,Portaskaig area, and by the writer on the northern slope 

,of Deinn Bhann (Section 2 p. 41). The clasts are purely 

.gr~nite in Garavellach. of granite, limestone ·and 

,~uartzite in the Portaskaig area, and of granite, lime-

stone, quartzite and green phyllite in, the slope of 

Beinn Dhann. The conglomertlte overlies the Boulder Ued 

No. 35 of (Spencer 1966), and the upper Boulder Beds 

in the Garavellach succession is absent from the Islay 

succession. The change in clasts along the stril(e t the 

absence of 80ulder eed No. 35 from the, Islay succession 

and the thinning of Boulder Bed No. 34 (which might be 
... :', -. 

',~b~~nt t~ ~~~'~outh-west of Beinn Hhann), all indicate 

·.~hat the~e'i~ ~ brea~ in the deposition of the Pdrta~kaig.· 
\ 

.~oulder Beds, due to the local uplift (fig 25) of the 

land. This break may be vimved as a large break in the 

deposition of the all Boulder Bed in the Dalradian (fig 17). 

~p,encer' s assumption (1966) (Section 2 p. 41) does not 

,expl~in the change of the lithology f'rom north-east to 

. 'the' south-west along its strike, the absence of boulder ) --.-

bed No. 35 and the thinning of boulder bed No. 34. 
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0.2 The Lower fine-Grained Quartzite~ uppermost group 

, of' the boulder bed (Kilburn t Pi tcller and Shackleton 1965 

p. 348) contains boulders o~ granite measuring up to 

40 cm in diameter. This quartzite has been recently 

described by G. Klein (1970) in an attempt to resolve 

the deposition of" PrecaI/lbrian ~uartzi te (Islay, Jura 
\ 

,Quartzite); Klein ignores the presence of" the granite 

boulders in the ~ine-Grained Quartzite~ and condradicts 

Knill's deltaic environment for the Islay-Jura "1.uartzite • 

. Further he regards a sout?'ern shore'line f'or the 10\ier 
, 

:~ine Crained Quartzite (Upper Boulder Bed). The'present 

writer is at variance with Klein's conclusion for the 

following reasons:-

. , 
, . 1. The ~ine-~rained Quartzite is part of' the 

\ , - Boulder bed succession, and not a separate 

unit. 

',n' 2. The Islay Quartzite (main ?fiddle, Dalradian 

Quartzite) is separated in Islay by the 

Dolomiiic Group, ~hi~h is younger than the\'s, ( 

~. f? Islay Quartzite and older than the ~ine-
\ ' 

~ rain~d Quartzi te (Secti~'n '2). Therefore 

we cannot correlate the two units. 

:-,- 3. AS far as the source of the ~ine-Grained 

~uartzite is concerned there is no doubt 

that it is to the north or north-west. 

The southern source suggested by Klein 

~ ;.; : is based on his observation in the north-

west limb of the Islay Anticline, that the 

fining-upward sequences are confined to 

the southern outcrops (fig 26) of' ,the '('ine-

-



G~ained ~uartzite, where as the northern 

outcrop consists o~ interbedded sandstone. 

There graded sequences and the sandstones 

represent his intervals A and B respectively 

tf'ig 26). Unf'ortunately he does not take 

into account that he is dealing with an 

overturned limb, so his results are con-

tradictory. 

4. As to the environment of' deposition, the 

writer disagrees with both Spencer and 

Klein, where the rine-~rained Quartzite 

(uppermost boulder bed unit) is concerned. 

Klein's description o~ the ~ine-C.rqined 

Qu'artziteis accepted here and fl. new 

interpretation ~or its environment o~ 

deposi tion is put f'orw'ard. Two :facies 

were recognized by (Klein 1970) in the 

f'ine-grained quartzite:-

(i) Facies 1 consist o~ massive, bedded, 

cross-stratified and rippled o~thoquartzite 

(f'ig26b). 

(ii) Facies 2 consist o~ siltstone and mud 

crack, isolated f'lat and thick lenticular 

bedding, tidal bedding and burrowing 

structures (f'ig26c). 

.56 

These kind of' facies cannot have been deposited ~rom 

either floating or ground ice, as suggested by Spencer 

(19 66). There is no doubt that the enviromnent or deposition 

~s shallow water belonging to tidal to sub-tidal domains. 
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It is accepted here that the Fine-.Gt"ainect quartzite 

represents n stage of deposition after the melting ice, 

in a new, much '\V'armer environment. 'fhe change in the 

direction of the cross-bedding is an evidence of the 

instability of the water surface at the time of the' 

deposition of 'the J:'ine-Grained quartzite. The ,boulders 

of the granite in the quartzite are an evidence of still 

bigger rivers or a :further glacier to the north still 

capable of supplying the Upper Portaskaig Boulder Bcd 

with these boulders; the locality of the land to the 

north of ISlay which supplied these granitic boulders 

is debatable. another evidence to the shallow water 

or epicontintal deposition of the rine-<;rained Quartzite 

are the mud cracks, 'vhich also indicate a change from 

.cold climate to a warmer one. This evidence is present 

in the Dolomitic Group: the presence o~ mud cracks and 

abundant algal stromatolites are evidence of shallow 

''later or even an intertidal cllvironment, ,,,i th much warmer . " 

climate favourable to the algal stromatolites. The 

Dolomi tic Group is remarJ(ably of large thicl(IleSS, 'and 
\ 

the above-suggested conditions of n climate chanr,ing 

from glacial to marin~ (warm climate), arc favourable 

to the depositi0n of the dolomitic Group. 

:3.:3 The Islay Quartzite (mainq\lartzi te) of the l'liddle 

,Dalradian, has a maximum thickness o:f 3 km, it is a 

pebbly orthoquartzite, '~ell sorted, cross bedded, becoming 

coarse and flaggy at its top to the south-west. The 

. quartzi te thickens at the centre and thins t01vards the 

llorth-ea'st anti to the ~outh-'vest. This thinning is 

stratigraphic as well a~ tectonic and reveals the shape 
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Cr£gisc) o:f the 1,1iddle Dalradian Trough. Knill '1963 has 
I 
'~ttributed the thinning of the quartzite to the north~east, 

\ 

, ~o the swing in the strike; Litherland (1970) conf'irmed 
, ! 
, I 
this. The :follOl'ling features of' the Islay Quartzite 
I 

! 
are illustrated and recognized in (fie 27). 
I , 
! The sediments of' the Islay Quartzite are an indicator 
I 
o:f a shallow water environment (Bailey 1930) (Pettijoh~ 
i 
1957). The source o:f the Middle ualradian has been 
\ 

regarded here as to have be,en derived :from the west and 

'north-west tf'ig 27) directions as proposed by Sutton 

and llatson (1955) lvatson (1963) J Knill t1963) and Spencer 
; 

(1966). 
I ' " 

A deltaic environment was proposed by Knill (1963) 

t:fig 27). This delta is :fan shaped; the coarse material 

'',Vas brought dOl-ln to its .:front by the current of' the main 

rivers, :feeding the Dalradian Trough in the form o:f , , 
turbidity .:flo,,,. 
, , 
3.4 The Jura Slate, may represent a deeper water, a 

eustatic rise in the sea level, or a general decrease 

~n the upper group o.:f the Middle Dalradian. 

,3.5 The Scarba Uonglomerate, represents conditions o.:f 

liigh relie.:f and consequent rapid erosion. The sediments 
. 
are a conglomarate interbedded'with gray calcareous 

phylli tes. This raises a new' a;t"gument concerninG' the 
, 

~nviromnent, o:f deposition of' the conglomerate, namely 
'; 

whether the conglomerate is deposited by subaqueous 

~urbidi ty :flmls and slides, along the edges of' the trough. 

3.6 The Port Ellen Group. This group :follows the 

.~carba \,;onglomerate; it consists of' limestone at the 

base .:followed by phyllite, becominG' interbedded 
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''lith quartzite (f'lagstone). The base of this group 

(limestone) is "correlated with Degnish Limest~rie (Scction 

!.t", of' this thesis). The presence of' limestone and black 

phyllite is suggestive of' quiet, restricted conditions 

with little current f'low introducing coarse' detritus 

into the sedimentary basin. A period of' more turbulent 

conditions followed with extensive penecontemporaneous 

erosion resulting in the deposition of the Laphroaig 

croup. This coarse facies 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 pa~t of Port Ellen 

.1'hylli to are correlated ,vi th Ardishag-Craignish Phyllite 

(Section 4). In Islay the Laphroaig ~roup is represented 

by a thick quartzite interbedded with phyllite~ and sandy 

limestone at its top J \"hi1e in Knopdale and Loch I<'yne 

the same group change to dark phyllite and dark limestone 

at "their top. This change in facies along the strike of 

the trough ~s well recognized and noticeable in the I-Iiddle" 

Dalradian sediments and is mostly at~ribu~ed to the s~ape. 
" " 

of "the Middle Dali'adian 'rrough tfig 28). 

3.7 The Ardmore Conc;lomerat"e is largely made up of' 

locally derived blocks of limestone, dolomite, quartzite 

and "phyllite lplate 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 qunrtzite at the top and passes upwards into 

the Ardmore Grits. The latter are dominately turbidites, 

forming coarse-erained, graded beds. A fine-grained facies 

.. 
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or dark siltstono 'is developed at the top of some of the 

'grits. The sediments indicate a quiet ,·mter environment 

'or deposition (Dailey 1930) with little turbidity. No 

'palaecurrent data are obtained from these grits. Knill 

in Kilmaatin (1963 fig 27) sugGested southern-flowing 

current; this is still not certain since the fine-grained 

;rock beds have variable current direction. 

The Thinning of Sediments 

As seen from the description of sediments in Section 

(2'~nd the conditions of deposition discus~ed above, it is 

t~lear that there is a dramatic thinning of the sediments 

'"of the LO''ler Dalradian as well as the Middle Dalradian 

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

~nd plate 11). This has been attributed to stratigraphic 

conditions and later irn~ortant tectonic effect' (see 

Section 5 f'or more detail). 'The stratigraphic thinning 

is demonstrated and proved by the disconf'ormity in the 

Lower Valradian between the Baharradail Phyllite, Dally­

"'grant Limestone and Port nan Gallan Limestone. The 

di~~onf'ormity is a result of local uplift in the south~ 
.,--;: • I 

west as a resul t of' a rising blocle (:fig24b). The local 
• l • 

break in the Lower Dalradian and the break in the Boulder 

. B~ds (between its Middle and Upper Boulder Bcd) of the 

Middle Dalradian, has been attributed to rising blocks 

:( fi C25b ) to the south-west and north-east respectively.­

The' 'sediments of the Lower Dalradian in the north-cast 
.' , 

are not 'seen beyond Islay, due to the steep plunge of the 

Islay Anticline. The thickness of' the sediments in crest 

of the f'old is very bie due to the fold structure; for 

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

Q 
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; o'f: the thickness of: the i'ortaskaig Boulder Bed occupyinG 

partly of crest the Islay Anticlin~ is exaggerated thick-

ness, ""hile the proposed thickness by' Pitcher, Kilburn 

~nd Shack.leton \l965} is more reasonable.' 

The Niddle Dalradian in Islay and Jura represented 

by the Islay-Jura Quartzite,. and the Boulder l3'ecl, thin 

towards' the north-east and the south-'·Iest. The quartzite 

forms a lenticular shape (its 'strike slvinging) to the 

north-east lv-here the quartzite thins out in the Balla-

chulish completely', The s,dnb's in the strike is due to 

the' emergence of a ne",,' block to the north-east, which 

contributed to the uplift o~ the Boulder Bcd, follo~ed 
\ 

by: erosion as described (Sectlon 2, p. 41). TIlis upli~t 

resulted'in facies changes towards the south-west and 

north-east, In' general 'all the Middle Dalradian facies 

change along the strike o:f the trough from south-lvest 

tOlthe north-east • 

• t '" Tectonic thinn'ing in the Niddle lJalradian is also 

' ....... of great i'l~p'o~tance, T,,,o major thrusts, the LO,ch 

, " " , ' 

Ske~rols ,and,' ~einn 13hann Thrust, played a big role in' 
, \ 

this lmap 1). Both thrusts are correllated to the Fort 

William Slide and the Balltay Slide respectively (fig 49) 

(:rordetails see Section 5). ::>tratigraphic columns 

have'~een constructed :from the type localities in the 

Lower and the Middle Dalradion, to show the stratigraphic-

;._._thinning and also sliding out alons the south-, .. est, north .. / 
east.direction. 

5.'1 Unconforrni ties 

Local unconformities have been recorded and described 

from both the Lower and Middle llalradian. ~be only break 

• • to • • ~ 



in the Lower llalradian is represented in the south-west 

by a disconf'ormity, sedimentary slumps tfig lland plate 11) 

and a zone of conglomerate •. Four major breaks are 

recorded in the Middle Dalradian. The boundary between 

the Lower and Jl.Iiddle Dalradian is a major disconf'ormity 

tRast 1963). The second disconf'ormi ty in the l-fiddle 

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 }Iiddle Dalradian 'trough. The third and 

fourth breaks are represented by the Scarba ~onglomerate 

and Ardmore Conglomerate respectively. 

Hodels 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 

Jillill ~1959-1963) has cited evidence for a shelf margin 

near the Uender-Loch - Islay line in the Ardraishaig 

Phyllites and the Tayvailich Limestone. On the other hand 

Roberts (1966) suggested the axis of' the Upper Dalradiari 

trough lay to the south-east of' the present lJoch A' .... e 

synCline. BotIl authors :find evidence of' axial and lateral 

support. ::>u:f:ficient to add that the prE-sent position of 

Islay itself represent the shelf, since evidence has been 

put forward for shallow water, tidal to sub-tidal and 

._cpecontinental deposition. The trough gradually expanded 

from its .early stages, into a maj or trough of' the Upper 

Dalradian. 
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CORRELATION 



The CorreJation of' the Tslay Succession 
'vith the tlirrhlands (Ballachulish, Iltny) 

and the Ireland Dalradian Successions 

Introduction 

For a long time the Islay succession has been included 

under the South-lvest highlands succession, that is Islay, 

Perth shire and Iltay (Bailey 1922, 1934), Hast (1963), 

Kennedy (1969) and Hast and Litherland (1970). In this 

thesis, the Islay succession will be dealt with alone, and 

lvill be correlated, 'vi th the Ballachulish, the Perth shire 

of' the Highland (Uainland of' Scotland) and Ireland. 
. 

The junction bet'veen the Valradian Rocks and 'forr~do.n-

,ian ( 
.. 

Moinin ) in Islay is tectonic represented by the 
, \ 

Loch Skerrol's thrust If'ig I' }, as is the junction iIt 

Ballachulish, and in Perthshire, where Dailey (1922) 

inser~ed the Iltay Boundar Slide. This slide separates 

the Perthshire and Ballachu1ish llalradian in the western 

highlands; :for this reason it is impossible to trace 

a stratieraphic junction between these two successions 
, '. . .. ~ . 

Bailey (1924). 

: ,", , ',.Attempt,s" have been made to c'orrelate the Isl'ay, L,och 

'.' 

Alve Succession as one group,. with Ireland C?n one hand, 

and the Central Hiehlands and Ballacllulish Dalradian 

Successions on the other hand. For example Anderson 

(1948, 1953, 1964), Rast (19'58,. 1963), Knill (1963), 

Kilburn, Pitcher and Shackleton (1965), Roberts (1966),. 

Kennedy (1969) and Rast and Litherland l1970). In this 

section the correlation is explained ~lrther :from the 

" stratigraphy discussed in l Section 2) and the stratigraphic 

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

all the Middle Dalradian Succession are represented in 
T .. , __ _ • 
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Table 2 . 

Correlation of Islay Lo::h A'i/e Succession ar;.d ~1.acl1ulish Central Highland 

Bailey 1922 

Tayvallich Limestone 

Crinan Grits 

Shira Lime~tone 

Er~ Quartzite 

Ardrishaig Phyllite 

Easdale Sla~es 

Islay Quartzite 

Portasy~ig Boulder Bed 

Islay Limestone 

Hull of 00. Phyllite 

Hoal an Fhithich Quartzite 

-' 
, . .. ' 

Anderson 1948, 1953 
• Ballachulish 

Cuil Bay Slates 

Appin Phyllite 

Ap~in Limestone 

Appin Quartzite 

Ballachulish Slate 

Ballo.chulish Limestone 
I 

Transition Quartzite &·Schist 

.. 

Knill 1963 

Loch Avish Grits 

Tayvalluh Lavas 

TayvalliOh Limestone 

Crinan Grits 

'ArcLishaig-Craignish Phyllite 

(Shuna Limestone) 

Easdale Slates 

Scarbo. Transition Group 

Scarba Conglomerate Group 

Jura Slates 

Islo.y Quartzite 

Portaskaig Boulder Bed 

Islay Limestone 

Mull of Oa Phyllite 

~bo.l an Fhithich Quartzite 

, 
. i 
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~tratiGraphic Correlation or the Ialny 
Succession wi tIt tlw Ballachulish Succession 

Hast and Lithorland l1970) suggested that the 

Jjallachulish succession is represented in Islay. The 

determination of the extension of the Lismore Limestone 

into Loch Linnhe region,. Litherlanq., Hast and Litherland 

l1970,. indicated that Bal~achulish rocks will be found 
, . 

in Islay. 

The rirst stratigraphic succeHsion in Lslay waS 

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

~y A~lison \1933). However the stratigraphic units below 

the ~ortaskaig Boulder Jjed were not clearly difrerentiated 
/ . 

and grouped as follows:-

3. Islay Limestone 

2. Null of' Oa Phyllites 

1. Hoal an Fhithich Quartzites 

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

into stratigraphic units, as described in Section 2, was 

.... ' established' by }jailey (191'6) (table': ~ . and later" con:firmed ..... . 
" ' " ... ~, 

. ~.y A~lison ."( 1933) .' However the stratigraphic untts below· 
. \.. 

. .' 
the Por~askaig Do~lder Deds ,.,ere not clearly dif:ferentiated ' 

and were erouped as follows :_ 
~: ? 

3. Islay Limestone 

2. ~full of Oa Phyllites 

1. Moal an nlithich ~uartzites 

The unit Null or Oa Phyllite covers an area of 20 x 6 

miles occupying the core of the Islay Anticline Bailey (1910). 
l:: L ,-

The new mapping techniques used in this thesis demands the 

necessary break dO\vn o:f the r.rull of' Oa Phyllites into 

smaller units and consequently a repetition or the succession 

,I 
l! 



by a large scale F2 rold, named by the writer the Oa 

·--Anticline·and ~aving the same plunge as the.lslay 

Anticline is demonstrated. In tsheet 19) there are 

considerable exposures of quartzite mapped in Central 

66 . . 

Islay. These 'vere not mentioned in the Geological Survey 

Memoir (Wilkinson, 1907). Hailey (19l~) referred to these 

exposures as fine-grained quartzite interbedded with 

I: •. ,~~the Null or Oa I Jhylli tes. . This quartzite was recognized 
I 

. ..... 

and proved to belong to enoc Von ~uartzite (fig14 section 2 ) 

sequence. 

The ~ortaskaig Boulder Bed is a marker unit within 

the Dalradian succession, separating the Lower and Middle 
\ 

DCllradian. 
\ . 

The Boulder Ded is stratigraphically under-

lain by the Isley Limestone and overlain by a thick 

:formation of Dolomitic Deds fol101ved by a much thicker 

unit of quartzite, which correlates with the ~entral 

Highland and IreJ.and successions. The 1-10al an Fhi thich 

Quartzite is correlated with the Glencoe Quartzite of' 
• • to .... 

Ballachulish. The rest of' the Lower Dalradian of'. Islay 
. . 

.' can be easily'cor~elated unit by unit with the Ballachulish, 

succession on one hand tRast 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 

1970) • A traverse from the contact of' the Noal an l"hithich 

Quartzite to Kintra farm (fig 7 ) shows the :following rock 

sequence :_ 

e - Dark, gray phyllite 

d laminated phyllite, ~triped 
with calcareous bands 

l over 
turned 

pYlliteJ 
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Table 3 -' 

Correlation of Islay Lower Dalradian with .Ballachulish & Ireland Succession 

~fu.i te pale yellowish 
Limestone 

Banded Phyllite 

Blue Limestone 

Dark Graphitic Schist 

Pale Phyllite 

Quartzite 

Pale, striped Limestone 

SP?tted Quartzite 

Banded Phyllite 

Dark Slate 

Yello\'1 flaggy and Dark 
Limestone 

Dark Gray Phyllite 

Laminated Phyllite 

Gray, black Phyllite 

Banded ~ansition 
Phyllite 

Quartzite 

Basahel & Rast 1971 
,Islay Succession 

Port ~ Gallan Limestone 

Port nan Gallan Phyllite 

Ballygrant Limestone 

Baharradail Phyllite 

Cnoc 

Cnoc 

Cnoc 

Don PhYllite1 
Cnoc 

Don Qtz. 'D 

J on 
Don LSte Group 

Cnoc Don Quartzite " 

Cnoc Don Transition 

Cnoc Don Slate 

Kintra Limestone 

ci°l . c. 
bef Kintra Phyllite 

ae 

}bal an Fhithich Quartzite 

~"1. 

Litherland 1970, Rast & 
Litherland 1970, Balla­
chulish Succession 

Lismore Limestone 

Cuil Buy Slates. 

Appin Phyllite, 

Appin Limestone inter 

bedded with Qtzo 

Appin Quartzite 

Ballachulish Slates 

Ballachulish Limestone 

Leven Schist 

Glencoe Quartzite 

-:., ,.; 

: ~' 

, .' " 
. , 

1 
s 

'l 
J 

~ . 

\I.S. Pitcher & R.M. Shackleton 
North It/est Donegal 1966 

Eocghros Group 

Falcarragh Limestone 

L. Falcarrae;h Pelites 

Sessiagh CIon }ass Group 

Ards Quartzite 

Ards Transition Group 

Ards Black Schists 

Grees Lough Group 

; :: p 
. I 

I 

I 

I i;~' - ~.: 
J ~; , . 

>" , n ., 

I 
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c - Pale, yellow, sandy Dolomitic 

Limestone 

b - Transition zone, banded 

a Moa1 an Fhithich 

Right 
way 
up 

The Central Islay and in particular the Cnoc Don 

68 

area (fig 14), represent a complete section of the Lower 

valradian. The Cnoc Don area forms the north-western limb 

of' the Islay Anticline, separated from the On Anticline 

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

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

f'ollowing units:-

Bluish Limestone Dallygrant Limestone 

Dark Striped Phyllite Dahnrradail l~hylli te 

Pale Limestone, impurel Cnoc Don Group 
with 4uartzite and J 
phyllite interbedded 

Felspathtic 4uartzite Cnoc Don Quartzite 

Thin zone of' banded phyllite Cnoc Don Transition Zone 

Slate Cnoc Von Slate 

Pale Y~llow, dark limestone Kintra Limestone 

The same resur't ,,,as achieved from traverses across 
\ 

the north-western limb and eastern limb of' the 03. 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 Ualradian succession shows an uninterrupted 
~ 

,sequence f'rom the llallachulish to the Perthshire 

succesSion,' and that makes Islay a unique location for 

the typical Lower and Middle Dalradian. 

. , 
The \.;ri ter sue-gest the f'ollo,dng unit by unit 

correlation of the Lower Dalradian of Is1ay 
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Table _4 
The Correlation of the I-liddle Dalradian Succession in Isl~ 

Islay 

Scarba Conglomerate 

Islay Slates 

Islay Quartzite 

Dolomitic Group 

¥ortaskaig Boulder Bed 

Central Highland 
Bailey 1948 . Sturt-1961 

Carn H(U.rg Quartzite 

Killiecranl'..ie Schist 

Schichalli~n Quartzite 

Schichallign Boulder Bed 

.. 

I 11,' . 

II 

Ireland (Kimacrcna.'l) 
Pul.vertaft 1961 

Knokateen Quartzite 

Knokateen Boulder Bed 

I 

:i 

. i'l 
ill r " 

I" ' 
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. , 
'I 

;]I, ''lith the Ballachulish and Ireland {N.H. Donegal (table J ). 
iii 
i The Correlation of' the Niddle Dalradian 

III" "'~ " ... 

I succession in Isla~ 

The whole o:f the I-fiddle Dalradian succession is 

described :from Islay in (Section 2)r where the detaile~ 

stratigraphy is di~cussed :for each unit. The rock shows· 

good outcrops with a virtually continuous exposure along 

the strike. The Portaskaig Boulder TIed is taken here,as 

a marker unit for the base o:f the Middle Dalradian. The 

l.olier fine Grained quartzi t~ lias included wi thin the 

Portaskaig boulder Bed torming its highest member (Section 

.··-2··p.41). The :following correlation (table 4) has been 

recommended to the units o:f portaskaig Boulder Bed upto 

the ~carba Conglomerate. 

The Scarba t;onglomerate is overlain by the Port Ellen 

group and the Laphroaig Formation. 

The Port Ellen Gronp 

c. Port Ellen Flagstone 

b. Port Ellen Phyllite 

a. Kilbride Limestone 

The Kilbride Limestone is sandy, yellm'l to gray. The 

. 'l'ort Ellen Phyllite is grean, graphitic, thin psamtic and 

calcareous beds 2 to 5 cm thick at its top. The Port Ellen 

Fla~stone is green chloritic interbedded with quartzite 

.heds 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 o:f the Port 
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Table 5 

Islay 

Kildalton Limestone 

Laphroaig Formation 

Port Ellen Flagstone II 
Port Ellen Phyllite Jr 
Kilbride Lir:Jestone 

• .1 
~< ! I. 

f"':) 

Loch A\"le' Succession 

Shira Limestone 

ArdiShaig-Craignish Phylli~e' ~ 
Dfgnish Limestone . . 

.•• j 

'. .. :-~ , . 
;"" :,~ , (t::: 

\ . 

Ireland 

(Teroon Schist) 

The Gartari Bridge Dalradian 

".{ . ,'" ..... d- " , 

>' .:" 

, I 

-1 
.'. 
,t: 
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Ellen Flagstone but is discussed independently' due to its 

great thickness and dif'f'erent lithology and environment 

of' deposition. It consist o£ 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 Kildal ton Limestone is sandy, yellolv to 

gray in colour, its top is not seen due to the massive 

epedionite sills. 

The f'ollolvincr correlation (table 5 ) is proposed f'or 

the above-mentioned two groups. 

,Ardmore Uon610merate 

This conglomerate is 10 meters thick and consists of' 

boulders of' limestone, phyllite and quartzite (plate 35); 

in a sandy matrix. To the 'vriter's lmoltledge, this con-

glomerate has no equivalent, in tho Middle Dalradian o£ 

I Scotland and Ireland. The conglomerate passes up ... .,ards 

into turbidite quartzite and grits (the Ardmore Quartzite). 

This quartzite, the top of' which is not seen"has an 
. ' 

estimated thicYJ1ess of' about 100 meters. The Ardmore 

Conglomerate and quartzite are correlated with the Urinan 

Grits. 

,Conclusion 

. 
~t is clear f'rom the :foregoing dbscription (Section 2.) 

'and (Section 4) that Islay represents a continuous deposition 

!o~the Lower and Middle Dalradian without a major break in' 

~he deposition. It has a unique position within the Dalradian, 

as f'ar as its correlation is concerned. A unit by unit 

Correlation in lslay with the mainland of' Scotland and Ireland 

is demonstrated. The writer suggests the Islny succession 

as a typ~ stratigraphic succession for the Lower and Middle 

Dalradian for the following reasons. 



1. The LO'ver Da1radian and Niddle Dalradian 

(Rast 196J) in Is1ay, that is from the Ba1la-

chu1ish into the Perthsire succession, are 

continuous sequences; nOli/here else do'~ ''Ie 

find this continuity to the top of the Middle 

Da1radian. 

2. Sedimentary features are represented, 

almost throughout the whole. 

J. Transitional zones from one unit to 

the other arc easily identified in the 

field. 

4. Most of the units can be followed con-

tinuo.us1y along the strike. The exceptions 

are Some units in the Lower Ua1radian, that 

are interrupted by tectonic slides. 

5. Two major episodes of deformation are 

associated with the Da1radian rocks o~ Is1ay 

F2 a~d F
J 

~~ld; Is1ay has escaped the major 

deformation (F
1 

fold) of the mainland of 

Scotland. 

7J 

All the above points support the unique stratigraphy 

of Is1ay, and a new correlation has been introduced with 

I s 1aYt as the type locality for part of the Lower and the 

whale Middle Da1radian, with relation to the Dal1achu1ish, 

.J C~entra1 Highland, Ireland and Achil Island successions -
~ :. <- '; 

-' (Table 6. ). 
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Isley Succession 
Rast and Basahel. 

Ardr.iore Grits 

Ardmore Conglomerate 

Kildalton Limestone 

Laphroaig Formation 

Port Ellen Flagstone 

Port Ellen Phyllite 

Kilbride Limestone 

Scarba Conglomerate 

Jura Slates 

Islay, Jura Quartzite 

Dolooitic Group 

Central Highlands 
Bailey & Y~Callien 
1937) 

Ben lui Schist 
(Farragon Beds) 

Ben Lavler~ Schist 

Ben Eagach Schists 

Perthshire Quartzite 

GENEHAL DAL...~DIAN CORRE1LATIa~ 

Loch Awe Succession 
Bailey & Y~ill 1963 

Crinan Grits 

Shira Limestone 

Ardishaig-Craignish 
Phyllites 

Degnish Limestone 

Easdale Slates 

H~st Achlll Succession 
H.J. Kennedy 1969 

AChill Head Grits & 
~hyllite-

Keem Limestone 

PortasY~ig Boulder Bed Schichallion Boulder Bed 

Keem Conglomerate 

Dooagh Schist 

Croaghun Quartzite 

Slievemore Dolomitic 

Doogort Boulder Bed 

Doogort,Limestone 

Doogort Schist 

D90gort Quartzite 

Port nan Gallan Limestone \'Jhite Limestone 

Port nan Gallan Phyllites Banded Group 

Ballygrant Limestone Dark Limestone 

Baharradail Phyllite Dark Schist 

Cnoc Don Limestone Group 

Cnoc Don Quartzite 

Cnoc Den Transition Zone 

'Cnoc Don Slates 

Kintra Limestone 

Kint~a Phyllites 

Hoal an Fhithich Quartzite 

Table 6 

Ireland Succession 
l!cCallion 1935, Pitcher and ' 
Shackleton 1966 

Crar.na Quartzite (Kilmacrenn 
Grits) 

Termon For~~tion (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 

Creeslough Group 
I , ' 

/'(,\ 

1$ 
II 

<) 
I;' 
II,. 
III: , 
I 



A 
B 

SECTION 5 

STRUCTURAL INTERFR1~l\ATION 

. . . 
The La~ge Scale structures ••••• 79 
DQtailed structural ])escription.9l 



, . , 

Introduction 

A - Structural Work in Islay 

75 

The first real structural work to emerge was the o~ 

Hailey (1916) in which be interpretRte~ the rocks in 

~~rms of' the "Islay Anticline." The Anticline pitches 

n~rth-east ward, with a ,core of' Hoal an 1<'hi thich quartzite 

~nd, (Hull of Oa Phylli to), ~lanked by successi vel.y h;igher 

member~ of' the sequence, upto the main ~uartzite (Islay 
\ ' 

q~?-.rtzi to) to the ,north-l'lest and up to still higher 

Ardmore and Laphroaig Quartzite to the south. Green 

(1924), however, suggesterl a synclinal structure complicated 

bY,isclinal folding. He inverted Dailey's sequence and 
•• , I. 

~ntroduced a large uncon~ormity below the Portaskaig 

Doulder Bed. Gregory (1928) accepted most or Dailey's 

interpretation of the structure and sequence of' that part 
t ... t: 

o~" rslay which lies bet\vccn the Loch Sl{errol's thrust and 

t~e,(Beinn Ehann fault). ,He rejected the Hoal an Fhithich 
~. .l! 5. ( • __ 

I~?a,~tz'ite as an independent f'ormation, but r~garded i,t as 

,a dOl\'nf'aul ted outlier of'. the lower :quartzite, and in this 
t, ~.J: • ~... • 

~~~.~o\'led lll.ilkinson 1907). He re~ers, to the· succession , 
. ',e,~:~~~: of' the (Deinn Bhann ,~a1;l1 t) as the Harinr. t~uf',rtzi to 

(J;.s,~~y Quartzi to). This is distiw .. t f'rom the main 

quartzite of' north Islay, in that it is older than the 
• J lj 1. \1';.:" 

}.!~1:1 of' Oa Phyllite of' lfilkinson (19 07) and it is follOl'led 

e,~.~.~~ard by an inverted outcrop o~ still older f'ormation,. 

.-~~~~ Slate, Port Ellen Phyllite. Elles and Tilley (193 0 ) 

accepted the succession of' Bailey and agreed ,vi th him 

t,~~~, the structure of Islay is an Anticline., They, hOlvever, 

separated the }Ioal an Fhithich ~uartzite i'rom the Hull of' Oa 

P~~~l.i te (Kintra Phyllite of' this thesis) by the continuation 



, : 
"j' 

i fl" 
'I 

76 

of the Loch Skerrol's Thrust. Peach and Horn' (1930 ) 

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

-structure of the Island. Peach still holds, hO\vever, 

that the Jura Slates are an uprold of the Port Ellen 

.l',hyllite, and that the Scarba Conslomerate is ,n downfold 

of the Laphroaig ltuartzi te. The l-1oal an Fhi thich Quartzite 

he considers as a do\'!nfaul ted portion of' the Nain Quartzite 

(Isiay quartzite). Allison 1933 used the way up criteriw 

and demonstrated to Green and Gregory that Is1ay Quartzite 

is younger than the Portaskaig Boulder,Bed, an~ Islay 

Quartzite younes up into the Jura ~late and Scarba Conelom-

erate. 

D - Dalradian Structure 

The modern investigation and analytical approach to 

the structural problems of the Da1radian orieinated rrom 

the establishment o:f criteria by Clough (1897) :for deter-

mining the structural history of de:for~ed rocks by using 

small scale structures, and the c;taim th~t s:uch structure~ 
,,-

to a certa,ilJ, extent reflect the rorm of' the major structures. 

Vogt ·~r'930) introduced the use o:f sedimen~ary stru'cturfls 

such as graded bedding and current-bedding to detlrmine 
t,~ 

.stratigraphic order. Shackleton (19.5'$) introduced more 

sophisticated techniques tfacing of structures) by studying 

~ relations of sedimentary structures to the small-scale 

'\. t t It ec onie structures. These approaches have recently been 
! 

used tio distinguish various phases or deformation (e.g. 
, . ' 

Rast 1958, Sturt 1961), Johnson 1962), Roberts 1963, 

'.rreagus 196140 and Litherland 1971). 

In 1922 Dailey proposed a structural synthesis covering , 

ISlay~: Loch Awe and the 13allachulish. In it he interpretated 

the structure in terms of' three primnr rec m 



The Sou t hwest Highlands 

Upper Da I r ad ian 
~'--1 

Midd le 

t_ Lower 

D Bal!achu lis h 

DAPPin 

I LTAY 

NAPPE 

BALLAPPEL 
FOUNDATION 

Fig 29 

o 10 
s..-..---' 
miles 

B.S. Ba Ilachul ish Slide 

I. B.S. Iitay Boundary Slide 

L.S.T. Loch Sker rols Thrust 

i 
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i' (fi" 29): D,alradian of these areas into three nappes as f0110\-.'s b 

·iL, , , 
Loch Awe Nappe; 

IItay Nappe; 

J Ballappel Foundation. 
"I 3, .. '" 

,The three Nappes ,vere composed of three difference successions, 

J b~)t"'can still be correlated (Scction 4). 'rhe Loch Awe assemb-
II '" f'. 

i l~~~ 'I~~rms the upper limb of' a primary recumbent fold, the 

l~lv-;:i:- limb Of lv-hich is cut out by a slide. The Iltay Nappe, 
~~rt,<:~.,\ 

structurally underlying the Loch AlvC Nappe, is :folded into 

two major recumbent folds, the Ben Lui Syncline, and the 

overlying Carrick Castle Anticline. The Ben Lui Fold, 

closing to the north-west, links the lslny sequence to the 
\ 

Loch Tay Inversion. The Ballappel Founlation consists of 

two recumbent anticlines facing south-east, called the 

Dal1achulish and Appins Nappes. The two Nappes are separated 

from the Islny Anticline by the Iltay Boundary slide and . 
Loch Skerrol' s Thrus t. '1'he work of Bail ey has remained at 

··,the' base of' ,large 'scale structural correlation. 

Hecent 'techniques involved the mapping of set~ ,of 

cleava&es and associated fold axes which malee up the de:for-' 

mat~on phase. The techniques define several phases of 

deformation 1.<' F }I' etc The first phase of deformation 
l' 2' J • 

~'\ :folds has been recognized in Bailey's Nappes. The lslay 

.i Anticline Dailey (19l~), the Loch Awe Syncline Roberts (1963) 

.... _ and the Tay Nappe Shackleton (1957). o -.-:-
structures have been reported by most 

F2 ,F
J

,F4 and F5 fol~s 

workers (Rast 1963), 

represent progressively weaker phases, of deformation. F2 

fold is characteristic of the cross folding of the Central 

Hiahland (Rast and King 1957). 1;'4 folds :form sets of strain­

slip cleavages (Roberts 1966). 

, , 
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The work or Bailey (19!6) 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 deforl'lation. The conclusion reached in. the 

present '\-/orl{ is that Islay represents a second 1<'2 phase- of 

. deformation. This conclusion, dra'\vn entirely from the 

detailed study and mapping of the southern part of lslay 

sheet ll9 and 20) is based on the followine cvictencc:-

1. The second cleavage is main cleavaee in 

Islny. 

2. In many places the first cleavage has been 
\ 

folded by the second def~rmation. 

3. At the core of the lslay Anticline down-

facing structure show FI fold having been folded 

by F2 struct¥res • 

.. ,. .. ' .. . -" .. 

'.-

. i 

..... 
~ -~-
'J 

1

.1. 
'. 

'1 
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A The Large ~calc structures 

The Dalradian structural history o:f the area. involved 

:four major phases o:f :folding of 1rllich only the F2 are the 

larger :folds with wavelength greater than a mile and 

longitude of' more than 25 miles. The major f'olds of' Islay 

have a south-west north-east trcnd which is direction of' 

ISlay Anticlinc, and whicl1 ,.,ras estab~ished by Bailey (1916) 

in his Islay Anticline. No F large scale f'olds have 
1 

been reported in the area mapped, but f'urtller to the north-

east and in particular near Loch Lossi t and on l{iells . 

Moor (C.R. 4~89), F folding is recognized from dO"lIl\~ard 
1 

f'acing structures established in the current bedding, the 

later is inverted and cut by steeper S2 cleavaee. F3 and 

It'4 "are rela ti vely weal.: phases in Islay Dalradian Hocks. 

General discussion of' the large scale structure will 

be put :forward in order to obtain a structural synthesis 

:for Islay in particular and the south-west Dalradian 

structures in general. ~his will be rollowed by a detailed 

discussion of' each individual structure. 

The Islay AntiCli"ne (Antif'orm) (:fiS")Oa) 

The ~slay Anticline is the largest structure in Islay 

Bailey t19l~). It is marked by the repetition of' the 

successions of' the lower and part of' the middle Dalradian 

"Rocks, across its axial trace. The most marked horizons 

are the lslay Quartzite, the Portaskaig Boulder Hed, the 

-0 __ - Port nan Gallan Limestone and the Hallygrant Limestone. 

TIle present mapping reveals the f'old as plunging steeply 

. 40 : 50 north-cast , .. ards. The ,,,hole Lower Dalradittn dis-

appears as well as part of' the Middle Valradian Rocks 

(Portaskaig Boulder Beds nna the Dolomitic Group heneath 
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:1 the Islay Quartzite in tho Sound of' Islay. The closure of' 

•• 
.... 

the Islay Anticline is well seen in the Crioe Don, marked 

by the closure of' tho Cnoc Don I.!uartzi te, Cnoc Don Slate 

and Kintra Limestone, ,.;here the trend of' its axis is 

established and well de~ined. At Cnoc Don the closure of' 

the Islay Anticline is partly removed by a slide (Central 

Islay Slide), which brines the younger rocks of' Baharradia1 

Phyllite in contact with the Cnoc Don Slate, Cnoc !Jon 

Quartzite and Cnoc von Calcareous Group. 

The f'ollo,dng f'eatures demonstrate the Islay Anticlino: 

i The stratigraphic succession youngs away f'rom 

the core of' the lCintra L?-mestone in the Vnoc Don 

area. This is seen f'rom graded and current bedding 

in the (,;noc Von Quartzite. The rocks young to the 

north-west in the ove'rturned limb. 

ii ~outh-east o~ Beinn Bhalm the Is1ay Quartzite 

youngs to the.south-east, f'orming an upward ~acing 

··sequence ... 

iii The repetition of' the strntigro.phic s'Ucc;:ession 

of' the Lower ~nd Middle Dalradian to the south~east 

and north-west. The most important horizons involved 

are Islay Quartzite, and the Portaskaig Boulder Bods. 

'1"he Dolomitic .Group and' the ,,,hole of' the LO'\'lCr 

Dalradian {Section 2). 1he repetition of' the Islay 

Quartzite and the portaskaig Boulder Bed have been 

established by Bailey (l9l6) and Allison (1933). 
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The On Anticline (rig JOb) 

The Oa Anticline is the second largest structure in 

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

cline can be proved in the two districts the Central Islay 

and the Oa. In the first district, and in particular in a 

lV,ater ['all of' Kilennan River (G.H. 3858) a closure of this 
. ":,' 

f'~ld is well seen (plate 16). The Oa Anticline is marked 
>t! ,~ ': . 

bY,the repetition of the Kintra Limestone, Unoc Don ~uartzitc 

,a~d Cnoc DOll Group'. In the Oa district, the Anticline is 
" ~ " 

. marked by the repetition of' the Kintra Phyllite and the 
~~ l. ;: 

Kintra Limestone. This can be seen in two localities: 

a~, the Kintra Jl'arrn the phyllite ShOlvS younging to the l1orth­

and overturnjng, in the Lower Killeyan Farm (G.R. 2747) 
~ :: ~ 

the laminated phyllite youngs to the south-east with a 

~~ansitional zone younging towards the Kintra Limestone 

(south-east). 

_, _. The present mapping reveals that like the Islay Anti­

o cline, the Oa Anticline plunges-50-60 to the north-ea;st. 
',: I 

TIle trend o~ th~ plunge was best obtained :from· the closure 
, '" 

of the anticl.ine in the Kilennan Iliver. Too the south--lvest 

in the va district the Oa Anticline plun~e::; gently to 
I ' ~ • 

,th,e north-east by 20-300 • This suee-ests the disappearance 
,.' '" 

of the successions to the north-east. 
i '-_, 

TIle Central Islay Slide (Nap 1 & 2) 

: - . ,". ~ '~. 
The symmetrical repetition across the axial traces of' 

,t~l_~ ,On Anticline and the Islay Anticline ceases in the north-
• 4.. , 

~~st limb of the first (G.n.. 3759) and in the eastern limb 

o:f the second 
, i t.l 't. • 'Instead of' the Cnoc Don Quartzite and Cnoc 

D?,n; Limestone brouP Oll the eastern limb of the later, fla6'b'Y 

. ~imestone belonging to the Ballyerant se~.uence are in contact 
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l)Tith Cnoc Don Slctte lmap 1 ). This asymmetry marks the 
';1 
l Central lslay blide. The north-east of the lslay Anticline 
~~ 

Closure, the Cnoe Don ~uartzite and Cnoc Von Limestone are 

in contact ,·Ii th the Baharradail Phyllite. A zone of' shear 

m~rks the line of' the slide in this area. The slide passes 

~own to the south-west separating the Islay Anticline :from 

the Oa Anticline. The exposure in Central Islay is poor 

~~en the slide passes, covered by superf'icial depositsr 

~h~ slide appears at l~ocka~Gle Point (G.R. 3151) only to 

d~sappear in the sea of' Laggan Day; it reappears again 

i~ Port alsa9 lG.R. 3148) and continues up to Dian Mor 

~hil (G.R. 2845). The·slide was established f'rom the 

~etailed mapping and a study made along the line of' the 

slide. The :follmdng observations l"ere made: 

i In Central Islay the discontinuity of' the stratiG'raphic 

succession on the north eastern limb of' the Oa Anticline 

and the discontinuity of' the stratiaraphic in the south-

eastern limb of' the Islay Anticline marks the slide. 

. ' 
. . 

In the Oa district, the discontinuity is uetween the ii 

lq.ntra Phyllite and the Kintra Limestone (map 1 ); .f'urther 
\ 

. -t 0 the south-lvest the top unit of' the Kintra Phyllite is in 

c,ontact 'vi tIl the Hoal an Fhi thich Quartzite. The' discontinuity 

can be traced :from the Cnoc Don in Central Islay to the 

Din Nor Ghil in the south-west. 

iii The slide cuts through the F2 "f'olds. This can be 

... · ____ s.e~n :from the roia tion of' the small scale folds to. the 

i,v." Shear zone foliation is soen in and 'l1hen the 

o.utcrops are good lplate 37) these :foliation and 82 

ClenvaGe 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 

later derormation t but is still associated with F2 defor­

mation. As a result of this curving the Daharradail 

IJhylli te is thrust over the Gnoc Don ~uart zi te, Cnoc Don 

Limestone Group and Cnoc Von Slate, with south-eastern 

movement along this plane (map I)., The Central Islny 

slides runs parrallel to the Tslay 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. ~econdly, that the movement continued 

during the second phase of deformation. Both hypotheses 
" 

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

following points: 

i. In many localities, however, the 52 Cleavage, the shear 

zone (foliation) in the slide and the small scale 

slides in the Kintra phyllite are parallel (fig Jland 

plate 39 & 40)., 

ii The slide has been :folded in some places in the 

same sty~e as F
2

,folding. 

The recognition of the Central Islay Slide is of ire at 

importance in establishing the stratigraphy and defining 

the general structure in IslaYt \\there it separates t,,,o 

large scale Antliclines, the Islay and the Oa Anticlines. 

Elles and felley (1930) extend the Loch Skerrol's 

J ~-.-. Thrust to the Oa, \\'here it passes separating the Hoal and 

}i'hithich quartzite from the Kintra l-'hyllite (:Hull of' Ua 

J:'hylll te of' l-lilkinson 1907). The present ,,,orker has 

proved in section two that the junction between the above 

two units is of a stratigraphic, and for that reason the 

extension of Loch S~errols Thrust to separate bet,~eAn thp. 

... ", 

Noal an 1<'11i thich Quartzite and the Kintra Phyllite, is' rejected •. 

Ii 
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Instead it is proposod that the Gentra1' Islay Slide is 

! I OccupyinG the plane between these two units as l'lhat shown 
I, 

in (map 1 ). The Loch Skerrol~ Thrust passes to the north-

west of the Moal an Fhithich ~uartzite. 

The t,full of On Slide (Hap 1 and 2) 

The 1'-lull of Oa Slide is responsible for the removal of' 

part of eastern limb of the Ua Anticline, and the thinning 

of the remainine auccessions. The Mull of' Oa Slide passes 

from the 300 meters south of Kilennan Farm (b.R. 3857) to 

the Hull of Oa (map 2 ). It' has been folded in' the same 

style as F2 folds. This sugeests the same movement as in 

the Uentral Islay Slide, as well as its age. Along the 
\ 

ea~tern limb of' the Oa Anticline, the Cn06 Don ~uartzi~e 

has been completly cut out, except for one small out crop 

(G.R. 3245) where we can see the continuation of the Cnoc 

Don ~uartzite retained. Along the Slide plane the Kintra 

Limestone are in contact either with the Baharradail 

Phyllite or the Ballygrant Limestone. The Unoc Von Slate 
. -. - ............ " 

.... 

and Cnoc Do~ Limestone Group are completely cut from the 

~cintr~l ISl~~-~lo~g the Slid~ plane and in the Oa their 

outcrops retained in two localities, in Mull of On 400 

meters to the south-east lG.n. 2841) and in (G.R. 3245). 

The Central ISlay Synform (f'ig JOe) 

The Central Islay Synform, as its name implies, occurs 

in Central Islay, separating tho Islay and the Oa Anticline • 

o ~'-The sy-l"'li'orm allows to elucidate the stratigraphy as ,,,,ell as 

the structure of' the Dalradians in Central Islay. Its north-

West limb is cut put by the Central Islay ~lide; the south 

'eastern limb, hOl"'ever, is retained. The structure of the 

Synf'orm is distort:e.~_ by the f'old of the Central Islay Slide: 
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·Iin the vicinity or the closure o~ the lslay Anticline, the 
<' J,r 

I . 
II oldest rocks appear to occupy the core of the syncline. 

iThe Hull of Oa Antiform (fig-JOe) 

The LOl"er Dalradian in the Hull of On (Yd.ntra l>hyllite 

and Kintra Limestone) has been interpreted in this thesis 

as an anti:form marked by the repetition of the I{intra 

Phyllite and the Kintra Limestone (map I). The interpretation 

is based on the detailed study of a particular area, and is 

vital to the interpretation o:f the stratigraphy of Islay 

Dalradian successions. 

The follmdng observations were made: 

i 200m to tho lvest or the Nonument on tho Mull of 

Oa the limestone and the phyllite adjacent to it 

are both younging to the west, while the succ-

ession as a ldlole in the Lower Killeyan (G.R. 

2743) youngs to the south-east. 

ii The succession east of the Nonument younes to 

the south-east. This conclusion was deduced 

from the cleav~ge relationship as well as the 

. [rl
l II'. ',' gradin~. 
I, 

iii A cross section {~ig 8 ) 5hO\"s that the succ-

ession is in its correct ~tratigraphic order. 

:the Allallaidh Syr:form plap 2) 

The Allallaidh Synform has a sou.th 'tYesterly plunging 

Closure, 'vhich can be picked out in the outcrop of' Port nan 

-'- --Gallan Limestone in the Allallrudh (G.n. la5S) a:lld,in the 

stream adjacent to it. The structure is complicated due to 

later deformation (l"3 ,F4 etc.) and latter by recent faulting. 

The follolVing points con:firm the existance o:f the synf'orm: 
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The core of the fold is occupied by the Port nan 

Gallan Limestone, and rlanked by the Port nan Gallan 

Phylli te •. 

ii The Port nan Gallan Phyllite in· the Allallaidh \G.R. 

4158) stream strikes towards the Port nan Gallan 

Limestone. This is the consequence or lnter·~aulting 

and deformation such as F
J 

and F4 etc. In the above 

area the Limestone has boen brecciated (plate 22) 

and shows early cleavage (~oliation). This early 

cleavage is an indication or an early dcrormation 

prior to faulting. The latter is the latest deror-

mation in the southern Islay, and has the same trend 

as the normal faults of the area. 

iii To the east of' Allallaiclh a north-easterly pluneing 

antiform is inf'erred; this is the Loch AllallaXih 

Antirorm. A small outcrop of the Port nan Gallan 

Limestone, and portaskaig Boulder Bed appear on the 

eastern limb or the structure, con~irming the 

proposed antiform (~ap 1 and 2). 

iv '.('0 tho north of'. the l.1oc11 Allalluidh the l;'ortasl(aig 

BOUlder Bcd and the Port nan Uallan Limestone thin-

out and disappear completely; instead the Port nan 

uallan Phyllite is in contact with Islay ~uartzite 

as rar as Sound o~ Islay. All this is attributed 

to the intervention of the Beinn Dhann Thrust. 
'. , -.. _.Loch Skerro1s Thrust 

The Loch Skerrol's Thrust was first recoenized by the 

Geological Survey 1{i1kinson (1907), and later confirmed by 

Dailey (l91~). The thrust follows a sinuous south-westerly 

course tf'ig 1 ) from tlUI1l-an Uillt on the east shore of' Loch 
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Gru~nart to the south-west or Laggan Bay. In the area mapp~d 

in this thesis \sheet 19)(or the Geological ~urvey), the 

thrust is concealed mostly under the superficinl deposits, 

and there is no actual contact between the Dowmore ~andstone 

and the Dalradian rocks, except on the locality of the 

Tallent Farm (G.R. 3358) where the Skerrol~ Thrust has 

been faulted by a no~mal fault. Here the Dalradian 

~ortaskaig Doulder Bed and the port nan Gallan Limestone, 

have been sheared, a quartzite belonging to the portaskaig 

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 F .. ) def'ormation. The rocks at the Tallent }i'arm are" 
~ 

f'olded into 'fallent .synf'orm, '''hic11 is I ater cut by a normal 

fault situated along its axial plane. The Loch Skerrols 

Thrust curves around the synf'orm in the same style as the 

Central Is~ay Slide does around the Isiay Anticline, which 

is of' the same age and same style of deformation. The the 
' .. ....... ," . . . .. ' . ". " ',' . 

south-west at Laggan Bay, the Do,,~ore Sandstone outcrops; 

there"is.no ~vidence to support the existence of the Loch 

~kerrol's Thrust in that area, and in the same tlme , ... e cannot 

eliminate its persistence to the shore of' the Laggan Bay. 

The Loch Skcrrol's Thrust plane dips to the east south east 

.. ,-,'-. 

beneath the Islay I..luartzite; this is well seen. in the north, 

and in the Tallent }'arrn. The plane is marked by a sheer" 
...... ., 
O~·-zone and well observed north of Loch ~kerrols; it continues 

up to the north at Dan-au Uillt. The overturned folds uith 

north-west ward direction above the thrust plane suggests 

the thrust plane as w"ell as its movements to the south-east. 
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The Beinn Bhann 'l. ... hrust (maps 1& 2) 

The Beinn Hhann Thrust is important in the interpretation 

of' the Dlaradian 'structure and the stratigraphy of ::5outhern 

islay.' It extends inland in a southerly direction from a 

point on the Shore of' the Sound of Islay lG.R~3'6 ) a little 

south of An Neall to the Oa "Port nan Gallan Day." The 

Geolocical Survey (l.J"ilkinson 1907) recognized the Beinn 

Dhann l<'au1t ~rom the Sound of Ialny to Deinn Hhann. This 

has been conf'irmed later by Bailey (1916). The detailed 

mapping carried out by tho present worker proves' that this 

is another thrust, the same as the Loch Sl~errol' s Thrust 

and originated during F2 def'ormation. 
\ 

The following points suggest this :-

1. To the east of Loch AllallWdh, the quartzl to has· 

been shattered and shows a sheared quartzite and 

breccia zone. The shattering and tectonic bre-

cciation are followed as ~ar south as to the 

Port nan Gallan Bay in the Oa. The quartzite in . . .. . .. .... '" ' , . .' ~ . '. ...... , . '. . .' , 

the latter locality has been mylonitized,·and the 
. . 

·myl6nitisQtion extends to the cast i'or abo~t'200 

meters. 

2. Partoi' the Lower and ?·fiddle Dalradian have 'been 

thrust beneath the Islay Quartzite; this has been 

reCOGnized in the ~ollowing localities: 

i in the Loch Allallrudh the Islay Quartzite is in -
~. 

:) --'- contnct l'{ith the Port nan Gallan Limestone, , ... 11ich 

is represented by a 1imostone of' i'elIT meters in 

thickness. Further north, up to the Sound of' Islay, 

the Islay Quartzite is in contact with the Port 

--::r::.; 
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nan Gallan Phyllite. Here three thiclc units 

are missing, the Port nan Gallan Limestone, the 

Portaskaig uoulder Bed, and the Dolomitic Group. 

The non-existence o:f these thick units :from the 

eastern side of the Islay Anticline can only be 

explained by a :fault thrust, since there is no 

evidence o:f any other alternative. 

ii South of Loch AllallaKlh, the missine- units, the 

IJort nan Gallan Limestone, and the Portaskaia 

~oulder Bed, and at G.R. 4157 the Dolomitic Group, 

appear again. ~he latter unit does not extend. 

beyond the above locality :further than about 200 

meters. The Portaskaig Boulder Bed and the tOop 

most units o:f the Lower lJalradian, the Port nan 

Gallan Phyllite and Limestone thin to the south. 

The thinning o:f these units, have been explained in 

Section , as being partly sedimentary and part1y 

tectonic thinning. 
. '.' " --. 

3 .in the 10ca1.i ty b~tw'een Hoal nan Caorach (G. n. 385.5)' 
. " . . . 

and ·.Noal Hhe~dhoin \ G. H. 3852'), the contact. l?et,,,een ... 
. '. '. .,,', 

the Islay Quartzite and the rHull \ of' Ua I>hYlJ.i tes) 

of' the Geological Survey in sheet 19 is o:f a tectonic 

contact (thrust) and not stratigraphic. 

4 TIle fold styles in Islay ~uartzite are mainly tight 

recumbent li"Z :folds. The thrust line has been :folded 

''lith F deformation; , ... hich suggests the same age 
2 

as the slides in the area. 

The views of the present ,yorker expressed in Section 

(.5 A and il) on the interpretation to be assigned to the Islay 

Anticline differ from those of' ~~iley (1916). ~ailey proved 



that Islay is an anticline on stratigraphic grounds. Dailey 

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

concerned~ and included the Islay structure within the 

major FI structure deformation in the south-western 
• j 

Dalradian C-'ll@dd.nian Belt. This vie\V' has been accepted 

by several l.,rriters for example Roberts (1963) and Litherland 

(1971). The present interpretation (Section .5B) proposes 

that the second derormation is the main one with S2 axial 

plane cleavage to the Islay Anticline and the Oa Ariticline; 

Sl clcavBEe where it is seen in the core o~ eit~er o~ 

those two anticlines has been folded. The term cempo.!:iite 

has been assigned to the cleavage where only Sl and S2 

ar0 seen parallel to each other • 

.... ... ... . "'" ' .. 

.... 
~ --- ... -
'J 

· .... ~ 
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B - Detailed Structural DescriEtlon 

1<"'1 Deformation 

Fl events in Islay are not of great deformation, and 

f'ew direct traces of the Fl folds are preserved. The It' 
1 

rolds are isoclinal tight rolds, having variable· plunge. 

No laree scale F folds have been recognized in Southern 
'I -

lslny, '\"hile in tho Northern part or Islay on the closure of' 

the Islny Anticline t 1:<\. f'olds have been detected. In the 

area around Loch Lossit, 1'. Wadsworth (D.Sc. Thesis the 

Univer:sity or Liverpool) reported the existence of' recumbent 

f'olds having 1<"'1 deformation (Section 5 p. 79). 'l'he mi"o'r-f'olds: 

features here are preserved in tight 1'\. synclinal 

later overturned by F
2

• ihe above-mentioned locality was 

visi ted by the present ,,,,"orker ,,,here r'~l has been confirmed, 

and a detailed cross section to the above locality has 

j been drawn (fiG 48) •. 
:::11 

liil: Sl Cleavage tf'ig 32) 
I' 
I 

~l Gleav~ge is mapped in the .Scuthern I~l~y and ~s 

.' ' .. e.1l recognized in the Isluy Quartz! te, ,,,here the rocle is 

.~pf'~cing on Sl~ In general it hus tho' same strike "as the .. 
both Sl and ~2 dip to the south-east, but with varying 

angles~ In the phyllite the 51 cl&avage was very dif'ricult 

. , to '!lap except in the psnmmi te lamrne11ae l"There it still 

preserved on the liMb of' the limbs of' the mi~o~ folds (fig34a). 

Sl cleavage in most locaiities is rolded by later deformation 

. '---. (FZ ) with pronounced S2 cleavage (plate 56). Relict 

Siliceous 1<'1 f'olds in the lCintra Limestone, lvhich are atten­

llated in the limbs t still preserve the orii3'inal (ren.1) 1;1 
structure (rie J)). 

'., " 

I 
I 
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F2 Det'ormation 

The 1"2 phase established the t'old pattern of' the Islay 

Rocks on a large scale, forming a series of structures of 

about 6 km in lvavelength and over 40 km in amplitude. All 

the raIds are upward facing on S2 Dnd are generally over­

folded to tIle north-west. They present large scale buckling 

of sedimentary layers. During this buckling, the layers 

were subjected to internal strain which, resulted in the 

formation or S2' the main cleavage which is axial planar 

'to the buckles. This flattering, hOlvever, is not the last 

stage or the F0 phase for the following points:-... 

" 

1. S2 phases are often ~ecn re-crystallized and 

with quartz orientated and elongated in the 

same direction as the axial plane (plate 6~ 

e.g. in the south-west north-east direction. 

2. TIle Central Islay Slide and the Mull of Oa 

Slide are buckled as 

~o~~ ~2.sliding •. 

F folds, suggesting a 
2 

J. In.the locality of' Kintra' Farm, the Central 

I~lay Slide cuts across the F2 f~lds on a. 

lesser scale. In the above-mentioned locality, 

illustrations show, hOlY, F 2 buckling continues 

af'ter the formation of S2 cleavage, and how 

this later buckling can result in major sliding. 

. . 4. The Loch Skerrol' s Thrust and the Beinn Dhann 

thrust are associated l"lith F2 def'ormation. The 

Loch Skerrol's Thrust in the north-east of' the 

Tallent Farm has been curved around F2 f'old in 

the same manner as the Central Islny Slide around 

the closure or Islay anticline. 

:. 

j 
1 
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F f ld ''''cale nxhl.'bl.' t a ,ddo !2 0 S on a ml.nor ~ . g 

variety of styles, w-hich have a direct "relation-

ship to the tectonic environment. These minor 

f'olds will be discussed accordingly:-

(a) Minor F2 Folds in the Oa 

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

Anticline, the :first (Sl' f~liation dips more steeply th~n 

the S2. The F2 styles in this locality· are di:fferent from 

the :folds in the phyllite and those in the quartzite lmore 

competent rocks). In the phyllite slightly tighter, i80-

c1ina1 similar folds 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 hetw'een the tlw styles is l"ell illustrated 

a t the Port }i~llen Liehthouse, between the Jura Slate and the 

Scarba Conglomerate lplate 41). The junct'ion between the 

above two units 1s a Minor slide tplate 112). The 5carba 

Conglomerate forms an antiform, plunging toward tIle north-, 

east, like the Islay Anticline. '52 cleavage forms an axl~l 

planar foliation to the above-mentioned fold, ,v-hile t~e 8
1 

has been folded. The isoclinal F2 folds in the Jura Slate 

are very clear in (plate 41), and have 32 axial planes. The 

slide in the above locality cuts through }'2 and is parallel 

with 52 axial plane foliation. To the south-east (.G.R. 

3444) is another example of the isoclinal F,., folds in the 
~ 

Islay llnartzite tplate 56). Here the relation betl ... een Ss' 

S1 and 82 is of great importance: it is demon~trated that 

Ss and 51 have been i'olded into isoclinal similar Ii'2 :fold. 

stYles lvith relation to S3 '~l and ~2 are drmm in (:fig:3.5) • 

. '" .. , -,"" 

-
I 
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F styles in the Port Ellen llhylli te in this zone ,are the. 

2 

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:-

i The quartz veins are of' pre-F2 age 

ii The quartz veins are the result o:f silica 

solution introduced into the sediments, or 

possibly produced as a result o:f re~crystall~-

zation of' sandstone.dykes. 

Hushroom style F :folds have been recorded in the 
2 

Port Ellen Phyllite lplate 43) (G.n. 3l~43). The mochanism 

of' such f'olding is shown in (:rig 36). 

TIle :fold developed as an isoclinal F2 :fold, and was 

distorted by the later Ii' de:formation "lith a consequent 
J 

rotation o:f each limb in the opposite direction, stage b. 

In zone 2 the F mino~ :fold are isoclinal :folds with 
2 

detached limbs and thickened cores t:fig 3h). Some of' the 

competent beds in the phyllite preserve ~l :foliation wllich 
'" . '.. . 

'- '-- ... -

is folded a~ound closure,s of the F 2 folds (f'igJ4a). 52 

in th'is ar~a is an axial plane foliation to .the F 2 f'olds. 
\ 

Thin sections in the .port nan Gallan Phyllite, lCintra , 

Phytlite and Daharradail Phyllite, sh?'''' that 8 1 is rolded 

and S2 is an axjal plane to the ~es~ltant mi~or-:f'olds. 

(plate 57 & 58). 

Zone J represent the western limb o~ the Ielay Anticline, 

and western limb of' the Oa Anticline, both limbs being over-

turned. 1'11e F 2 folds have varying axial plunges and 

directions. This is due to the greater e:f.fect of' 1'2 
~ 

deformation, nnd the resultine from the l;entral rslay Slide. 

~ styles for this zone are shown in lpl~ 42). 

• I 
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(b) Ninor F2 folds in Central Islay and Kildalton Districts· 

Fi folds ~n Central Islay and Kildalton are similar to 

those in the Oa; in the latter locality the folds plunge 

steeply (500 
- 600

) in the core of the Oa Anticline all(~ 

40 0 
- 500 in the ~entral Islay Anticline. All the F Z folds 

have been studied from the Core of' those twb Anticlines. 

The :folds are isoclinal and the limbs are often detached 

. with relatively thinner cores compared ... to those in the Ua. 

The rocks in Kildalton area are highly deformed, compared 

to the tocks surrounding it. This is due to the invasion 

of sills of ep2.:iionites. The folds are tight at the contact 

with the sills and are more open away :from them (fig 38), 

Sz foliation. 

'1'he main schistosity {::)2 J is cut across by closely 

spaced planes which are parallel to the axial planes of· 

minute crenulation. In thin sections these planes are 

para.llel to the limbs o:f the mi"l'lol" folds. The cleavage 

has produced parting of the rock along a zone where the-
•• • 'ioo • _.' " • •• ~. , , _ 

-micaceous minerals within the schistosity have been brought. 

irito parallelism on the fold limbs. 

A microscopic study of some thin sections, shows an 

important structural :feature of the rocks in the development 

of a stretchin~-direction. It is prominent t and is 

apparently controlled by lithology, being strongly developed 

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

~~_by quartz-fibres intercalating clastic grains of quartz and 

. feldspar. ~n the more pelitic layers the stretching-

direction is seen as 1'ine quartz-fibres on micro films, 

, 
==:: 

elongate prismatic stock of stilpnomelane biQtite and muscovite 

parallel to these fibres. 
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The mi1'loll folds in the Kintra Phyllite and in other 

pllyllite rocks are, generally more open and, are thus 

unlikely to 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 dominant schistusity in the Islay Dalradian rocks 

appears to be 8
2

, In the field such foliation is easy to 

distinguish from an 51' aspecial.ly in the closure of the 

large scale folds, Veins or quartz and calcite represent 

8 2 ; in the former veins the quartz grains are stretched 

in the direction or S (plate 6J); in some thin sections 
2 

quar~z veins are cut by the SJ slaty cleava~e resulting 

in their off-set, 

On either limb of the large Toids, Sry mic~ flakes ... 
",hile showing slightly differing sense of displacement, 

are generally sub-parallel to one another." Single S 
2 

planes, shoW' no marked divergence in attitude. In thinly 

bedded layers S2 sometimes fans round fold hinges, and an 

S2 phyllite cleavage is of'ten strongly rcf'racted when 

traced f'rom pelite into siltstone (fig 38ij. 

"fhe great majority o:f Mi."1'\o-:r folds seen in southern 

Isiay are F2 . folds, since phyllite cleavages :form their 

axial plane schistosities, and since S in the competent 
1 . 

rocks is folded round their hinges. Also the absence 

"-.. ~ of' large 1"1 j"olds in southern .lslay, sue-gests that all the 

folds. ob~erved are in ~act F2 folds. In the Jantra lJhyllite, 

occupyine the core o~ the Islay and the Oa anticlines, one 

~rominent cleavage forms the axial plane of those folds. 

"= 
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The two slides recognized in Islay, namely the Central 

Islay Slide and the Null o:f Ua ~nide, are not usually 

recognized by discreet planes or shearing; instead their 

presence can orten be detected by sudden changes in fold 

.geometry and stratigraphy., In one particular locality 

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

Central .Lslay :::;lide lplate 37). Here stratieraphy, i'old 

geometry and the actual deformation are recognized. 

Shearing is well observed on,a large scale (plate 37). and 

. fold geometry ond shearing are recognized on small scale 

(plate 38 & 39). FZ folds are attenuated and thinned parallel 
. \ 

~o S2 foliation \,lhilst retain'ing normal thickness elsel .. hcre. 

This is well recoGnized in the rela tj, vely competent rocl<:s 

(Dolomitic Lirne&tone). '1"'ho attenuated fold limbs are not 

.sheared or separated by shear zones, but have actually 

been thinned parallel to S2' the minimum limb thickness 

being normal to S2; this is attrl.buted to thG effect of 

, .... ' the eent~~'l' I~iay S·lide. The latter also is held 

.'responsible: f'o'r the thinning of' the J>alradian successions 

to the south-west. 

The two exanples (plate 37 & 39) off'er an illustration 

of' plate 38) lamellae (dolomite ,. psami te and phyllite) 

'i'ollowinIT a zigzag pattern lstcp-shear), ~lich is a 

repetition of' the shear ef'f'ect on the rock (fiS 31). As 

a resul t o:f this shearing a change in the lat',e1lae, 

resulted in thinning. The mechanism o:f such phenomena 

could be the product of' simple shear if we ignore the 

, volume chanee. In the example put :forward there is 

eVidenCe of' shear zone, and '\That is observed is a thinning 

, 
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~lithout any de:formation in the S2'schistosity, which is 

parallel to the thinning zone, and normal to the surround­

'ina unsheared lamellae. Ramsay nnd Graham (1970), proposed 

two alternative explanations for the relation between 

'schistosity and shear zones: 

i Schistosity :forms parallel to the surface or 

L (surfaces) 01' simply shear in the rock. 

ii Schistosity :forms perpendicular to the direction 

o:f greatest total shortening and it is widely 

held that it represents tho XY plane 01' 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) '''hich is 

in parrallel to 52 schistosity cannot be the 

is o:f th~ opinion that this phenomena presented' 
. \ 

in this thesis by exarnpl~s '(plate 39& 40) on the 

slide zone are not n 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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13ei1111 Dhann and Loch Skerrol's Thrust, are associated 
" 

with asymmetrical foldinG', which in Beinn Bhann area trend 

parallel to the direction of major F2 fold axes. Tectonic 

breccia and mylonization are found along its trace. 

The Deinn Bhann Thrust to the south-east lvi th a generally 

low angle, resulting in the disappearance of some units 

completely, and thinning out of the units along the strike 

toward the south-lo"est. This Thrust is also responsible 

ror the thinning of the rslay Quartzite and the ¥ortaskaig 

Boulder Ded towards the north-east. The southern 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. Sinc e the Bo'wmore 

Sandstone outcrops in the Laggan Day and there a slide 

must separate it from Dalrndian rocks. 

F3 Deformation 

.1"'3 phase of deformation in Ielay generally has a small 

effect on the structure of its rocks. The folds produced 
-

by this phase have l1:0rth-east to south-,~est trend "lith a 
\ 

~'gentle plunge 5 : 20. No large scale folds have been 

recognized in the area mapped. The effect of the deformation 

is greater to the south-west where it is best seen, and dies 

out towards the north-east. 

Minor F folds in the Oa Area 
3 

____ 1<'3 folds are best recognized in this locality and in 

particular on tIle cliffs extending from the ~lll of Oa to 
, . . 

t~e southern shore of' Laggan Bay, where it forms a large 

tract of' similar folds. 
/ \ '.. 

The 1" fold styles are gently open 
3 

folds and isoclinal (fig 41). Lithological di~~erences are 
a & b 

.. -

1 

-I 

I 
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recognized on the limb or folds; the lower limbs or the 

rold have been more derormed, and the rocJ.::s are more flage-y 

than the top limbs. This phenomena is best seen in the 

laminated lCintra .Phyllite, and in the !Cintra Limostone. 

a second visiable erfect of the F3 derormation are the 

complex disharmonic folds on the southern shore or Lagaan 

Bay and on the c lif'fs of' Lmier Kelle~a1I\ Farm. Veins of' 

quartz and calcite have cut throueh the cleavage, some of 

these veins of quartzite are of FZ aee, are seen to be 

fOlded in susp~nded folds. 

F 3 Folds ·in t:entral Islay and Kildal ton 

• t" ":=J'CC!! 

No major F3 structures are recorded in either locality. 

In Central Islay the F~ phase affects the general 
.) 

structure by merely warping the limestone and the whole 

succession. also the F
J 

folds maintain the style described 

in the Oa district (fia 41a). Ih Kildalton the rocks are 

more hi@lly affected by the,F] phase than in any other 

district in ~outhern Islay. The slaty clea,,:ag~ is h,tghly. 

penetrative, and the folds are tighter (fig 4lc). TIlis 

phenomena is best s'een in the phyllite near' the Port Ellen· 
\ 

.Port. 

Superimposed Folds 

Small scale interrerence folds involving FZ ~nd F] 

folds arc recorded rrom almost all districts of Southern 

Islay. This was produced by the superposition of 1<'2 and, I<'J 

structures resulting in interference patterns (fig J6), 

producing superimposed folds on the small scale. Generally 

the early Faxes have been distorted so as to attain random 
2 

directions. J.n one example the two axes F to 1i' arn having 
2 ] 

the same a tti tude ld th dirfere'nces plunge direction 

lpla·te J~4). 



Fig 41a 

L 150 

' .. 

o 5 
..... -----' 

F3 fold styles in the dislri c t of 00. 



Fig 41b 

. F3 fold styles in central 1~lay 

, ! 

2 • 
" 

, , , .. ' ............. . .. :' .. ., .. ' . . . 

o , 7 
J 

J 



Fig 41c 

:rJ1~·~i; 

L 160 

F3 fold 5 t Y I e sin .(iI d a Ito ~ 



~"'-"'-

~F2 plunge steeply to the north-east witll vertical axial 

plane, where as,}<' plunge to the south-west with a gentle 
3 

plunge. 

,S3 Cleavage trig 45) 

~3 is generally crenulation cleavage lstrain slip 

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

at rather variable angles. This crenulation causes a 

strong tectonic rippling on S3; excellent example of b
3 

crcnulations converting to actual SJ cleava~c occurs 

a t Hull of' Oa (G. R. 2744-) (.fig J~5b). S3 cleavage is 

,constant in its strike allover the area mapped, with some 

exception, in the south-eastern limb of the Is1ay Anticline, 

wher6 a change of dip to the south-cast is recorded. Veins 

o.f 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 developmerlt of the cleavage; temperature may have 

~lsb contrOlled. the. type of cleavage de~eloped. 

A later F
J 

deformation named FJb with an S3b cleavage, 

developed in the i'orm of' kink cleavage l.fig41c). This is 

',best seen in thE" Iantra .Phyllite on tlw cliffs of the Oa 

.(G.U. 274lt), in Central Islay and in Port Ellen l'hyllite 

,(li-.H. 374~, The kinJ~ cleavage which was best doveloped 

is axial planar to chevron folds. 



. ______ .---c--- .. _-;.;:::=.- -!::e ""'h> 

102 

Boudinage 

Boudinage structures are only observed in the'south­

~estern Islay (Oa district), and in particular occupying 

~he south-eastern limb of the Islay Anticline. They nrc 
; 
~ 

associated with a wide range o~ Islny rocks, e.g. limestone, 

~pidiorites dykes and quartz veins. The boudinage belones 

to two phases of de~ormation F2 and F
3

• 

1. In the Port nan Gallan Day (G.R. 2841), large 

boudinage is recognized on the steep exposure of the Port 

nan Gallan Limest~ne, between the Dolomitic Ded~ and the 

topmost ~laegy limestones~ The boudins have a width of 

about h meters and i:1re separated by flag-goy limestones. 

The boudinage ~s ~ result of ~ompression normal to th~ 

~ayer, and shear movementi associated with the later phase 

o,!' 1<'2 de:formation~ strain slip cleavage S3 cuts through 

the boudins, while 52 cleavage is seen parallel to the bed 

fnside the boudins (plate 44 and 50). Small sc~le boudinage 

in the same area is associated with the same features as . ~..... . .~ ..... ' . 

-. 

---

mentioned above. The small scale boudinage has been folded 
.. \.. . . . 
by a later derormation. Also rotation in the boudihs around, , 

their longitudinal axes is seen; the rotation occured 

in the direction o:f the strain slip cleavage. The rotation 
- j , . 

of the boudins as well as their folding suggests that the 

structures are associated ,vi tIl F 2 de~orma tion. Detail of 

these structures are show~in (plate 51). 

2. The development o~ boudinage in the dykes has been 

observed in the exposure (G.R. 3144), between the Hallygrant , 
~ 

. Limestone and horneblendic dyke. Here the dyke acted as the 
I 

c~mpetent material, while tho limestone was ductile, flowing 

around the boudin. 

II ~J 
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The Loudins seen here are different in shnpe from any other 

seen in southern Islay. All the boudino described in the 

texts f to the best of the writer' s Imo'\dedge, a.re ai thor 

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 or such boudinage is different. 

Three mechanisms are proposed ror the circular-shaped 

boudins: 

1. Barly boudinage resulting from tension ~orce 

2. 

of F2 age t is followed by co~pression acting 

in the same direction as p min tfig 4-'1). 

Such :forces, are always observed, ",here there" 

are several phases of' def'ormation in the area. 

The boudinage is of' F
J 

deformation and the 

compressional forces were more effective than 

the tensional ones. 

,- ,3. Assuming that the shape of the boudinage is 
......... 

'. ~ ._ .... -

cylindroidal, then o'nlY a ,circular cross-

sectiori '(2 dimensional) will be seen in the' 

cliffs. 

3. The third example is the development or quartz 

,veins boudins in the epediorites (plate 52). 

This is seen in (G.n. J4l~.3) the eastern side 

of' the Oat The boudinage is ~ssociated with 

an F.3 rold, afrecting the Dp[diorite sill Rnd 

having a wavelength of' about J m. The orien-' 

;;', < tation of' the boudins in the closure of' the 

£old daDS not indicate the direction of' the 

folding A.xis ldth '''hj.ch they are associated. 
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Here the pmin is at right angles to the direction 

of the ~old axis., Details of the mechanism are 
. !' 

shown in (fig 47). 

This boudinage may have resulted from either of 2 

mechanisms; 
1" 

,i The veins. regarded as pre-:-F
3

, are deformed into, 

boudins due to the competency ~ifference b~tween, 

the epidiorites, q~artzite and the surrounding 

1'! 

',.:, . phylli te, during, the F 3 compression and subsequent 

:1 ) 

ii 
J}j' 

'J' 

tension on the limb fol~. This possible m~chanism 

is, supported by the style of the boudinage around 

the closure of the fold (plate 52). 
, , .. 

\ 

The boudinage itself regarded as pre-F 3' is refolCled 

,by }< .... 3' .evidence of this is that S3 cut through the 

boudins, as well as the folding of the boudins 

(plate 53)., ' 

The present ''lorker tends to support the second mechanism 

,proposed above. 

Nullion and rod structures 
I" 

The,mu~lion structures are only recognized in.'Ceni<r~.l 

Islay (G.R. 3760). They are , .. eakly developed in the Kintra 

Limestone, on the contact ,dth the Kintra Phyllite tplate 1.5). 

The mullions generally have a steep plunge toward the east. 

i' 

Smal~ scale folded roddinG structures are also recognized 

(plate 47) in the Kintra Limestone, and,in conformity with 

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

north-east. Mullions and rodding are developed on the 

oVerturned liMb of the Lslny Anticline. Rods are also 

reCognized in the Cnoc Don Quartzite lG.R. 3857) and in the 

Laphronige Quartzite (G.H. h755), where they are forms folded 
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into cylindroidal folds lplate 46) with the same plunge as 

the Islay Anticline to the north-east. 

~4 Def'ormation 

F4 is represented by a strain slip cleavage, which 

simulates S in the Port Ellen Phyllite near Port Ellen 
J 

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

in that area. No F4 has been detected in any other part 

of Southern Islay. ,.,here ~\ is present in the Port Ellen 

Phyllite lKildalton district) it is generally a gently 

dipping surface inclin~d to the south-east. l<\ is absent 

from the massive Lophroage Quartzite and the Ardmore Grits. 

The F4 is the :final episode in Islay history, no other 

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

Hoberts in the south-,,.rest Highland (main land) (1963) reports, 

F5 and F6 , from various parts. The latter phases can be 

considered an equivalent of the secondary, or F4 type of 

deformation which embraces all the strain-slip phenomena. 

The presence 'Of F 5 an,d F 6 in th~ squth-west Highlands ~uggest,', " 

that the de:fQrmation increases toward the south-east and 

decreases toward the north-west. 
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Discussion andCorrella tio'ii with South--i~est- (Hainland) 
, S,tructures 

l 

J 

t The central argument of' this section is that the' 
, 
" 
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s~cond de~ormation in Islay Dalradian is the major phase. 

In this I di~~er ~rom the view o~ the previous worker 

Dailey (191'6), who referred to it as the Fl de:forrnation, 

and correllated it with the FI recumbent f'olds. Minor scale 

:rolds show that their relation to the major structures in 
l 

Islay are thus one of' strict parallelism, the relationship 

normally observed in f'olded rocks. This supports the major 

F2 f'old theory put f'orward in this thesis" since f'irst 

~plds have b~en recorded on the closure of' the Islay 

AntiCline', and having an axial plane trace trending-to 

the south-east. 

As previously described in this ~~esis'SI cleavage.is 

'folded by S (plate 56), ,~hich leave-s 110 doubt that the 
, 2 

Islay Anticline and the \Oa Anticline ~'nd the other large 

s~ructures have an axial plane trend of' south-west to 

north-east ,vith a plunge IW - 60° , and are of'. F 2 de~ormation. 

Thus the trend o~ F2 in Islay dl.~~ers f'r<om that descrioed 

by Hast (1958) ''ihere 1 .... 
2 

cross f'olds has an axial plane 

north-west to south-east. The- change of' axial plane 

betlv'een Central Highland and Islny can be explained as 

:follolvS : 
I 

1. In the Central Highland F2 cross-:folds f'orm recumbent 

f'olds. 

ii If' we accept Bailey's suggestion lI9l~), that the 

Islay Anticline represents FI def'ormation, we :face 

the problem o:f explaining the south-west to north-

lrest trend o~ the structure which is incompatible 

with the Caledonoid Fi de~ormation trend. 

j 

I 
I 
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Section across Islay, Jura and the 

Southwest of Scotland 

J. 
c. A.' 

o ' 
A.A. ' AbertrJle Anticline 

'B. L.S. Ben Lui SYncline 

B. B.T. Beinn Bhann Thrust 

C.A. Cowal Antiform 

r: Islay 

I,. A. Islay Anticline 

I. N. Iitay Nappe 

J. Jura 

L. A.S. Loch Awe Syncline 

L. S.T. Loch Skl:'rrols Thrust 

Fig 50 

A.A. 

.. ' 

\ . 
I 
( 

I 

I 

I 
" 
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iii In page 110 the present worker explains the sense of 

movement or the caledonoid phase on the 'light of 

iv, 

block theory. Ue-notice a striking'coincidence in 

the relation between the axial plane trends of the 

three major derormations in the llalradian rocks of 

Islay: 

Ii' 
1 

North-east to south-lvest 

1" 
2 

South-,.,est to north-east 

Ii' 
3 

North-east to south-west, east-

north-east to west-south-west. 

This parallelism with its di:ff'erence in plunee has 

suggested similar stress systems during the three 

phases of' F
l

, F
Z

• and F
3

., 

In ISlay-sl' 'SZ and S3 cleavages occupy the same 

strike direction, although differing in dip. In 

south-east, in Jura 'and in Knapdale district 

Roberts (1959) describes f'oldshaving the same 

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

the Islay and ua Anticlines with axial plane cleavage 
-

(SZ); however he rerers these folds to the Fi. 

However according 'to Mr. ~eter Gower (personal 

communication) in that area the ::)2 cleavaee acts 

as axial plane to 1<'Z :folds;, in :fact all ~~'S. the north-
... 

west Loch A,,,e syncline consists o:f F 2 folds •. ' 

~orradaile 1971 proposed a ~teeper original attitude 

to the lslay Anticline by unt'oldil1.C 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 'vriter 

rejects this theory un:folding the Islay Anticline as 

proposed by Dr. Dorradaile l1971) would mean unfolding the 

Loch Skerrol's and Beinn Bhaml thrusts wh';ch' i ... , ~s mpossible. 
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r':"Correlation or Islay Structure with South-We~t 
L (}~inland) Dalradian Structures 
f 
l 

Many workers have tried to relate the Islay structures 

lfith structures o£ the mainland or' Scotland, and Ireland, 

for example, Bailey (1916, 1922), Hast (1963), Shackleton 

(195~)t Hoberts (196.3) and Litherland l1970). 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 or the F2 derormation. Bailey 

(1916) correlated this thrust with the Hoine T~lrust, while 

Rast (196J) correlated it with the Iltay Slide. Hecently 

Litherland (1970) correlated Loch Skerrol's 'l'hrust with 

the Daltay Slide. The latter author has sUGgested the name 

Loch Skerrol's la8 instead of thrust; by this he implies 

that ~t is an Fl ~has~ or part ~l: ~here is no evidence 

in Islay 'to support this suggestion, that the Loch 

Sl~errol' s Thrust is a lay. Further Litherland claims 

that the Loch Skerrol's Thrust follows the same course 

as the Haltay Slide, and occupies a position between the 

Portaskaig BOUlder Bed and the Islny' Quartzite (in the 

Hallachallish as well as in Donegal); also that both 

(LOCh Skerrol's Tllrust and Baltay ~lide) are early gravity 

slope structures (F dei'ormation and earlier). No 
1 

concrete evidence to support th~ contention that the Loch 

Skerrol.' s Thrust is a continuation 01' the Ealtay Slide has 

been f'ound. In f'act in Islay Loch Slcerrol's Thrust cuts 

through the Niddle Dalradian and the LOlver Dalradian, and 

no. sign o£ an early BTavity slope is detected in southern 

lalay. I II 



1 ~------------------------------ 1 
Fig49 

,Structure of Islay in relation to the 
Mainland of Scotland 

• 

:.j 

. \ 

I 
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Bet"n Rhann Thrust 

It has been shO\\'n that Deinn Dhann Thrust trends 

north-east to south-west throueh Islay~ and, is inclined. 

to the south-east. The thrust passes beneath the IsI,ay 

Quartzite thrusting the Niddle Dalradian over the Low'er 

Dalradian. The Beinn Dhann Thrust continues to the north-

east following the same course fr6m Jura, Garvcllachs up 

to the Ballachulish where it becomes the Daltay Slide. 

Further to the south-'",est Heinn Bhann Thrust may be present 

as the lfuockateen Slide of Pitcher and Shackleton (1966), 

~",here it s110\"'8 a similar 'searge of movement. A strildng 

feature of the Beinn Dhann Thrust from Islay to Donegal 

to the south-~",est or Dallachullish to th'e no'rth-east is 

the presence of the Portasl~aig Boulder Bed along its 

course. 

This correlation of Loch Skerrol's Thrust and Beinn 

Bhann Thrust ~",i th the Fort Hilliam S] ide and the Bal tay 

Slide respectively, explains the thinning of tIle Dalradian 

successio~s as ~ whole to the north-east, and the absence 

of Upper, or, l-Iiddle n'alradianf'rom 'the ,.,estern 11mb of 
\ 

Is1ay Anticline, as well as the dramatic thinning of Islay 

~uartzi te and the Boulder Bed to the north-east '\map I). 

Polyphase Deformation 'and Block Th~ory 

After the previous interpretation of the structural. 

synthesis of Islay put forward in section 5 and the 

establishment of the con6ept of Block theory in the 

Dalradian rocks of' Isla.y and the' South-West HiC;hlands 

it is now necessary to review and interprete the polyphase 

de:rormation. The following observations have been made 

in Islay. 
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1. The most important phase of .deformation is 

of' F
Z 

age. 

2. F2 folds represents by lslay Anticline and 

the Oa Anticline having an axial plane trends 

4. 

of' south-west to north-east. 

F f'olds generally have axial plane trends to 
I 

the north-east to south-west. 

F folds are represented by open folds havirig 
J 

an axial plane trending to the north-east to 

south-west. 

5· Generally the cleavages recognized as ~l' Sz 
and SJ represent F l , F2 and F

J 
phases of' 

deformation and have analogous strikes, but 

dif'fer in their dips; Sl and ~2 dip to the 

south-east in general, \vhile F 3 dips shallolv­

ly to the north-west. 

The above mentioned points are of' importance in 

the interpretation of' the block theory to the poly-

phase development of ~tructures • 

Firstl>:: The FI , FZ and F
J 

trends r~flect· 

the attitude of' the north-west block. Thus FI 

and F at least follow the same deformation in 
2 

Islay. This also mie-ht be allowed for the .1<'3. 

The above mentioned conclusions are supported 
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by the trend of' Sl' S2 and S3 cleavages in lslay •. 

Secondly: F2 f'olds are the result o:f buckling 

due to the compressive ef'f'ect of' two block, the 

second block having the same strike as the 

Grampian alock on the south-east of' lslay tf'ig 51). 



Swing in the strike due the 
risrng of a south easl Block 

Sketch map for 
Block Defo mation 

Fig 51 

, 
, . Gramp ian Block 

Glen (,reran 
Anticline 

G. B. 

" ..... 

'-

'" ..... ' 

,.' 



Thirdly: Islay has escaped the PI de:formation. 

This can be explained by the buckling around 

the margin of the Grampian Block and reveal 

a "corner", in the block outline t which is 

III 

mani:fested as the Druinavuic .synform tl..itherland 

1970) •. The :fold trends converge at Loch Awe, 

and this represent the south-western limit of 

the block~ Thus the effect o:f 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, resulting in 

the swing of' the strike to the north-east of 
~ \ 

Jura, and Garavellach, ,~hich is a common case 

,in orogenic belts. Thus at the Central Hie-hland 

the P l phase is at its utmost as result of·the 

upward movement of the Grampian Block, along . 

deep :faults initiated gravity flows at the south-

eastern margin,. where the interblock relief' is 
. ' . 

greatest and buckling occurs at the north-west 
.' 

marg·in. Litherland. (1970) de:fined the north-" , 
, \ 

west Block as bordered 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 Skerrolls, Thrust is the margin of' the 

north-west Dlock.- In this thesis the Loch 

~kerrol's ~~rust is correlated with the Fort 

William Slide. Also this line in Islay is 

marked by two unconformities to the north-east 

and to the south-west tSection J). Also the 
. 

sedimentary 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 depression 

started to build up forming the Middle and' 

Upper lJalradian Trough t to the south-east of. 

lslay. The present position of lslay might 

coincide with that of the north-western 

bloclc. 

The relations between Fl and the later fold phases 

has been disaussed by Rast and ¥latt (1957); in general 

the phases represent decreasing fold amplitude and reflect 

a decrease in plasticity of sediments accompanied by 

increasine consolidation and recrystallisntion Ramsay (1963). 

The latter phenomenon '(recrystallization) is well seen 

in most thin sections in the form of microquartz veins. 

A problem has arrisen from the st~uctural study in Islay -

this is whether F folds in Islay \'Ihich has a trend to . 2 

the sbuth-west to north-east and ¥2 (cross fold) of Rast 

ll958} which have north-west to south-east trend are 

equivalent. Such differances can be explained on the basis 

o;t' the shape and style of' the F 1 folds. In the Central 

Highlands F folds are occupying the overthrust -limb of -- - 2 

large scale F folds, resulting in major inflexion along 
1 

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 int~rblock compression 

resulted in the second epirode of :deformat10n as It 1s_ 

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

Within each block, deforfuation features such as 

fold, cleavage and interpenetrative distortion can only 

;, ... be explained by lateral compression generated between 

blocks {Rast and Cri~es, 1968). This may be applied in 

...... 
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llJ 

Islay to explain the same trends of foldine recorded 

there. The folds in Islay have the same trend but 

di~ferent plunges: (F - North-east to south-west; 
1 , 

F2 - oouth-west to North-east; and F
J 

North-east to 

South-west); this may suggest that there arc two or 

three bl~cks occupying the north-western, south-eastern 

and the north-east sides of Islay. These blocks were 

rising and subsiding vertically relative to each other, 

resulting in the three different phases or derormation 

(Fl , FZ and 1<'3) ,'lith analogous trends, this d'oes not 

eliminate the possibility of a deformation occuring 

'vi tIl a trend nOrt'tal to that of a previous deformation. 

Also a divergence of trend can result rrom th~ erre~t 

or tension on gravity • 

. ..... '. 

/ 
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SECTION 7 



Summary of Conclusions 

A stratigraphic and structural mappinG has been constructed 

across the South Islay Dalradian rocks. With regard to the 

stratig-raphy, the succession has been established in the 'i.o\ver 

and all the Middle valradian rocks of Islay. The di~rerence 

between th~s thesis and the previous works such as, the 

Ueological Survey Wilkinson (1907), Hailey (1916), Green (1924) 

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

£'0110,ys :-

1. The identi:fication of, the Kintra Phyllite, Kintra 

Limestone, (;noc Don Slate, vnoc Don Quartzite, Cnoc Don Lime-

stone Group, Daharradail Phyllite, Ballygrant Limestone, Port 

nan Ga11an Phyllite and the Port nan Gallan Limestone o~ the 
, 

LOlier lJalradian, was made by breaking down .the simple Hull of 

Oa Phyllite of 11ilkinson ti907). This led to the con.firmation 

of' the existence of' the Ballachulish succession in Islay. 

This in turn led to the correllation and joining of the 

. Ireland ualradian succession with its equivalent in Islay 

. '. 

and the mainland of' Scotland. A striking similarity is' 

observed betlyeen the lantra Phyllite, anel·its equivalent·, 

'···-··~';-Leven Schist' in 'the Dallachulish' a'nd of that of North 

~reland. Other similarities are detected in the section or 

Cnoc Don area (Central Islay), where the stratig~aphy f'ollows. 

the same sequence as its equivalent either in the Hallachulish 

or in Northern ~reland; that is the Cnoc Don Limestone g~oup 

.. _.Jollo',· the same sequence as the Appin Limest one Group as 

£ollo\ys :_ 

Phyllite - Calie .Phyllite 

Quartzite Thick quartzite, interbedded 
with limestone 

Limestone - Impure limestone 
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Is lay 

Port nan Gallan Limestone 

Port nan Gallan Phyllite 

Ballygrant Limestone 

Baharradail Phyllite 

. BaliachuJ.ish 

Lismore Limestone 

Cuil Bay Slate 

" 

., 

Table 7 

Blair Atholl 

\.Jhite Limestone 

Banded G:r:oup 

Dark Limestone 

Dark Schist 

'\ 

... 

! 
I 

" 

I 



Overli~ these are the 
" 

4 - White! yellolvish limestone 
; 

J - Banded phyllite 

2 Darl.: blue limestone 

1 - Dark phyllite. 
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Thus it is certain that in Islay, the LO\~er Dalradian 

sequence are uninterrupted f'rom the Ijallachulish into the 

Perthshire. The above f'our u11i ts of' the top LO\\I'or Dalradian 

'in Isiay is clearly a reprezentation of' the bottom part of' 

:the 13lai'tl Athttll series as well as the top part 'of' the 

,~allachulish succession. Thus it is possible to say that 

the Lower Dalradian rocks are present in islay without 
\ 
\ 

a Major stratigraphic or tectonic break (table 7 ). 

, 2. '1'he identif'ication of Kilbride Limestone, leildal ton 

;Limestone, Ardmore Conglomerate and Ardmore Grits in the 

;Middle Dalradian led to the establishment of' a complete 

.Middle Ualradian succession, and its Gorrellation unit by 

'.uni t \vi th its equi v"alents in b<?th ,::rreland and the mainland 
. . .' ~. . 

.0f'Scotland. This is mainly due to the wide exposure of' , 

, , 

the conglomerate b,ed ,vi thin the Portaskaig Boulder IJed' in ,',' " 
\ 

.Islay and Garvellachs. Two rising blocks to the north-east 

'and south-1vest contributed to the unconf'ormity and the 

dramatic thinning of' the Islay succession to the south-west 

and north-east. 

A structural synthesis hasibeen constructed :for the -Isiay 

'---:Dairadian rocks. Two major anticlines are recognized in Islay, 

:~namely the Islay Anticline and the Oa Anticline. The two 

" anticlines 'vere recognized f'rom the stra tieraphic repetition 

,with aid of' sedimentary structures and the cleavage bedding 

relationships. 

I 
, 
1 
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Four phaseD of deformation, Fl , F2 , F3 and F4 were recorded. 

On the basis of sedi~entalogical interpretation, this 
J 

thesis has demonstrated the shelf deposition of the shallow 

water Islay Dalradian sediments. 

3. The discovery of unconf'ormi ties in the LOlwr and J.Iiddle 
, 

Dalradian is significant. The f'irst unconf'ormity between the 

Port nan Gallan Limestone, the Ballygrant Limestone and the 

Daharradail .phyllite If'ig 11) is by a conelomerate zone. The 

secona unconformity is within the Portaskaig boulder Bed nnd 

is marked by a con~lomerite bed 3 meters thick, ~nd by the 

absence of' some units recognized in the GarAvellach succession 

SpencDr (1966). The discovery of' the latter unconfor~itYt 
, 

in the Doulder Bed I might record a large brake wi thin tOhe 

deposi tion of' the Boulder Bed in Islay. The F l' 1"2' F J and 

F4 planes are not intensive. The second phase is the stroneest 

producing tho present major folds with axial planes trend to 

the south-'\~est to the north-east. Thus the rslny Antioline 

of' Bailey (19l~). and the Oa An~ic~~ne are of the second 
....... ,"' 

. def'ormation and not of what has b~en suggested to be Fl f~lds •. 
.. .' 

. Tlofo ·slides (Ce.ntrnl Islay .slide and the Mull of· Oa· Sli.de) .. 
\ . 

. and JJeinn DIlann 't'hrust are identified in .1slay. .1-\.11 of' these 

ar~ aSSOCiated with F phase of' deformation. 
2 

~11e establishment of' the Lower and Middle Dalradian 

successions in Islay. makes it an ideal place for the study 

of' the problems of' structure, stratigraphy and sedimentalogy. 

~--The continuation from Lower to the top of the ].fiddle valradian 

is unique to .lslay and offers a promising terrain for further 

metamorphic and structural investigations. 

I '. , 



Plate :37 ::;hE~nr zone nloJlt'~ th.e ::()r~trclt Islay SJ ide Port 
lLLsai,''; 1"Ast of' >:i~J.trn :··'Arlli. The hL1lI1'W'r r;·rlrl·~p.d 
tllC~ fl~carinb ZOlJO. 

Plate 3t) GenA1'nl view 1'01' t11<"! small s.1.i<l(~ api)(~ar in 
the lRl·linnted phyJ.lite we'st of' }(intra l·'nrm. 
Black line show the step slirle DR it appear. 
The i'oIds are F'<>o 

.t-'latf:~ 3~j 
and i,l) 

k.. 

Photo :i'or tllo silearillg- zone {thinnin,; 0:1"" the 
L·l!"ellae}. The match sticl.;:s A.T'O in ;JCtraIJ.t;)l 
\d. tJt t:;H1 ':;~l('ar w.w: 52 c10uvcl{:e. ",'~ ~i"o~ 
i'lllu are d€:'veloT)E'd <.lJ.on~; tho r, 11oRr zone. 

" ' 

'r~v.-,""')';":)~N~'"'" "!..,:;.. • .,., f .... '1~ ... ~~,;~....,.~~.n,:" 
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Plate 110 

.Plute In The contact bf;ttvp.p.n the Jura ::>lato and Scarbo. 
COtli:::lolilernte "Port i':llen Liehtho1.lse." 1·'2 
isoclinal folds in tho Jura Slate, with 32 
cleavage axial planes to the folds. . 

Plate 42 This is .frOll] the sallie looali ty as plate 4.1.. 
The ye] lov{ pen marked the s .Lide pl::l.nn bct''''een 
the sIn tea Tid the :.:;C n rbn C onf~'J ()l~lera t \~ • ~ a tl e 
pen sho,,, the strike of the slate. Normal to 
tlle strike or the l-on.':.·loI!1erat(~. 

..~ -..... " ~~ 
.... ~,,~ ~" 
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Plate 4J :\lushroom style raIds in the Port .Bllen Phyllite. 
The mn. tcll 5t icks mark(~d the 1:2 T'lushroom fl)lds, 
refolded by FJ. 

Plate 44 Superposed rolds in the laminated Kintru 
PhyJ_li te. 10'2 i'old :rolued by FJ, axictl 
plane of F2 i3 vertical 

.',. , 

• 

r ',,- , 

r'ln te hS Superposed rolds in the lCintra! Pilylli tes. 
t,J,uartz veins have been rerolded hy li'J. In 
tne clasurp. 0:1' the i'old quart7. veins f:;JI(H\' a 
rotqtiona.l, and boudinage structure in tho 
rig.h t hand s1.<1('. 
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Plato 46 ?:ullion structures in the .flagutone or the 
~ort ~;ll on Group. The :'.ulJ.ions are p1unc;ed 
t(Hfarct tho nortil-Nl.st. \'ote the hummer and 
pen.f'or scale. 

Plate 47 Hoddin~ in the :antra Limestone IJentrnl Islay 
overturned linb Islay AnticlinA. ~hc head 
ilummer and the yellow pin r)ointint~' toward tho 
plunee of' the Roddinii' i.e. toward the north­
east. 

Plate 48 PtYITmatic li'J f'olds in the phyllites. Pere ~J 
cleaned a.re more pronounced, also note tIle 
chancre in Ii tholo[:,"y on the lower limb lC1't 
hand side. l),uari-,7: veins sho'J boudinojo:;e 
'vlticll. inlticute elongation durine FJ rolding. 

, " ,I, " , . , 
." '1" 
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Plnte !~9 
nnd .50 

l-'late 50 

Lar~c scale boudinn~e structure in t~c Port 
l1nl1. '.,alla:! Litr.t)stone. These art=! 01;' F2 age. 

Plate 51. r';nlnrlS(}.nent !)hoto to the. smull houciiTH.tge in 
the L)o·;:;torl·oY plnte )~. :'Iote t~Le rotAtioll in 
tllo.boudins, 1dtlcll iw-J.icnte pr~ 1") boudi.ll 
structure deJ'orT'lation. 
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Plate 52 lJ.uart z veins boudinaGe in th .. ~ Bpi diori t e. 
t-!ere the roid is ():f FJ age. 

Plate 53 The C")uartz boudins in plate 53 shotV' a rotation 
wl:ich indicate pre ::!'J boudinage. This also 
supported by the S2 cleav8ge lvhich cut throuGh 
the boud-ius. 
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plate 54 Note the circular shape boudinage between 
the epidiorite and the Ballygrant Limestone. 
This is shown by the black line. 

, Plate 55 Epidiorite sills show FJ deformation within 
,the lCintra Limestone. The ha,mmer head pointed 
'toward the FJ axial plane. 

J 

• 
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Plate 

1)10. to 
and 

Plate 

> " 

" ,. 
; 

1 , , 
.56. 
'. i 

I 
I 
I 
I 

l''Iote the relation hetween S8, 31 
It shO\n, that .:i1 has been f'oldcd 
parallelism h'ith ::,s. 

and ;S2 
~>- f"') 

and r" 
t 

• 
f 

I, - , 

i 

125 

cleavace. 
are in 

-'''\\!!~ilfilli''l,~\11 o:.,~ -',}', ., ' • .;--', l " , '7!·",,~')Joo~r 

'rile plat C 5ho\'15 the composite cleavag. of' S1 t 

S2 as Hell as the bedclinc~ plane. In ~late 57 
incipient development of' S.3 cleavDc;e is shown 
at the botto., of' the plate. I .. . 

;1', 







l'late 

i , 

" . . , 

Plate 60. 
and 61. 

61 

I)" 

-~ , 

Helici tip Uolond.tic, cr/Eftals Hi th S;~. 
SJ 'ciea~a~~'e C\t ,the bottcm:right corn~r 
top' l~~J~tc(;rrlcr",~r' the photoeraph.;' . 

., 
',' I ,h. L 

:- :, 
",t" "'l> 

~ ~', 

: > 

.'1t 

"",'J -; I, ':;1 ','-

'.-',' 

, . 
~~~.,,.,.;~~::,;' '1,. 

') 

" ....... ,;, ",,: 

,,;., 

• ), ,','" I"., ,~>,-,-'ll;';' ,~ 

.. . ' 
f' ' 

,,' 

,., ",' 

Note 
amI 
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PInto 
aud. 

6 t, Plate ,'+. 

;\ t>'i "" ~ {4>"~ , . .t: 

i~~ln~':':'hj~~~'~~~'(~n disrupted' ~u~d,,'cut 
l)y '''I .... J'." III pl!'"'te~ t')-~', ~t·)1:"-'" t.h'e • ')..J \. •• eaVn<,i.'~. '-, -' , ., A" 
.foldedhou<lillG.Cc'in the quartz vein.;;:: 

n:<~<' 

; -'" 

,' .. 

I",;: 

\, 

," 
" " 

A'qunrtz veins has been f'oldcrt'in a r:~nG" 
shupe t' ~ihich' is rotated wi thin tl1p. S2'( 
cleavage. ' . "i 

, ~ , ' 
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Plate 

.~ 

,-, , 

) 

,~ 
,g-: 
~. 

f', 
" " 

Plate 66.'-

---="'!UI 

12R 

t;nlcl t~vfins 
on' the ·lim~) 

Ju;:.,r(. tlisr:.iluccd. the hedd~i1G' plan.e 
01' micro:f~)lds {l<'.?) .. :' 

Ita ve the' strike' as '5:2. 

"~ , 

". 

'l'llesie 
\ 

~ y 

,", 

, , 
I. 

, r. 

.' .. 

, , 

-~-

veins 

,(~Ltartz GT::t'ins;-'tI'c': clongatert,' nnd, o'r:lont'nted 
in thnsC't'IH) directi.on' as t!te'S;~ clc<1'vo.g!c1. 

1, " 

, . ~ , 

- " 
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