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The Bigger Picture: Seil and Easdale within the context of Scotland’s geology 
 
A geological map shows that Scotland is essentially divided into five geologically distinct foundation 
blocks or terranes, the NW Sea-board, Northern Highlands, Grampian Highlands (wherein lies Seil and 
Easdale), Midland Valley and Southern Uplands. These terranes were once separated by hundreds of 
kilometres but became fused together by tectonic forces some 450 million years ago. 
  
The four major faults which divide Scotland's foundation blocks are (from north to south): the Moine 
Thrust, the Great Glen Fault, the Highland Boundary Fault, and the Southern Uplands Fault. The 
geological boundary which separates the Southern Uplands from the underlying rocks of northern 
England is called the Iapetus Suture after the Iapetus Ocean that once separated England and Scotland.  
Of these geological boundaries, the Great Glen Fault and the Highland Boundary Fault are the most 
distinctive landscape features. The Great Glen Fault forms the dramatic gash of the Firth of Lorne and 
Great Glen, while the Highland Boundary Fault marks the distinctive change from Lowland to Highland 
scenery. 
 

 
 
Seil and Easdale are part of the Grampian Highlands which are bounded to the northwest by the Great 
Glen Fault and to the southeast by the Highland Boundary Fault. The foundations of the Grampian 
Highlands are predominantly rocks of the 'Dalradian' Supergroup, named after the ancient Scots Kingdom 
of Dalriada in Argyll. Overlying the Dalradian on Seil is a sequence of late Silurian/early Devonian 
sediments and lavas. Much younger Palaeogene (Tertiary) volcanic dykes cross-cut the older rocks. 
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What rocks are found on Seil and Easdale? 
 

 
 
The geological map of Seil and Easdale shows that seven main rock types make up the islands of Seil 
and Easdale. Here’s a brief description of these seven rocks starting with the oldest first: 
 
1). Easdale Slate (Dalradian):  

• dark grey in colour with crystals of iron pyrite (fool’s gold) 
• splits easily along cleavage planes to provide an ideal roofing material  
• about 600 million years old 
• a metamorphic rock originally deposited as a soft deep sea mud  

 
2). Metalimestone (Dalradian):  

• mostly dark grey / black in colour with rare bands of purer “marble”.  
• forms thin laterally persistent bands which are interbedded with the slate. 
• a metamorphic rock originally deposited as a soft lime-rich mud 
• beds of purer marble are rare although an outcrop of red and white Ardmaddy Marble was 

quarried at Caddleton from 1745 to 1751. 
 

2 | P a g e  
 



3). Amphibolite or Metabasalt (Dalradian):  
• dark green-grey metamorphic rock containing the dark mineral hornblende (a member of the 

amphibole group of minerals, hence the name amphibolite), chlorite, plagioclase felspar and 
rarely biotite mica.  

• originally an igneous rock formed by intrusions of magma which follow the bedding planes of the 
sediments with which they are associated. 

• resistant to weathering and tends to form ridges of higher ground such as the ridge which runs 
down on the eastern side of the island and continues through Torsa into Luing. 

• on weathering the amphibolites give rise to less acidic and more fertile soils due to the 
breakdown of the constituent calcium-bearing hornblendes and felspars and thus the resultant 
soils can support a wider variety of plant life. 

• slightly younger than the Easdale Slate. 
• referred to in older texts by the term Epidiorite 

 
4). Interbedded sedimentary rocks (late Silurian / early Devonian):  

• conglomerates, red mudstones and greenish and purple siltstones and sandstones. 
• approximately 400 million years old and part of the “Old Red Sandstone”. 
• rest directly on the older Easdale Slate but this contact is not seen on Seil. 
• poorly exposed on Seil although there is a small exposure in the bay north of Ellenabeich (Sloc 

an t-Siomain) 
• flaggy and gritty sandstones at Barnacarry Bay (a couple of miles north of Seil) have been 

quarried for building stone and for use as millstones. 
 
5 & 6). Lorn Lavas and Volcaniclastics (late Silurian / early Devonian): 

• fine-grained dark purple and greyish volcanic lavas and vent agglomerates 
• the lavas are mostly basic andesites while some approximate to olivine basalts 
• mostly blocky and compact but sometimes highly vesicular especially at the tops of the flows 
• the basalts and andesites are mineralogically very variable and the majority are porphyritic (larger 

crystals or phenocrysts set within a fine-grained groundmass). The ferromagnesian phenocrysts 
include olivine, hypersthene, augite, hornblende, and biotite, either alone or in a wide range of 
combinations. Phenocrysts of plagioclase felspar occur but they are only common in the 
andesites. The groundmass in all rocks consists of felspar with small amounts of ferromagnesian 
minerals and abundant iron oxide. 

• erupted some 400 million years ago in the late Silurian period. 
• hard and resistant rocks that form the higher land of Dun Mor behind the village of Ellenabeich 

and the ridge running down the western side of Seil. 
 
7). Dolerite Dykes (Tertiary): 

• dark chocolate brown appearance on weathered surfaces but when broken open the fresh 
unweathered surfaces are dark grey / black 

• mineralogy consists of plagioclase felspar, olivine, augite and iron ores (ilmenite). They can be 
coarse- or fine-grained. The olivine crystals are sometimes visible as small greenish grains but 
they often show decomposition into serpentine. 

• termed whinstone by the slate quarriers 
• intrusive igneous rocks originating from the Mull Volcanic Centre which were forcibly injected into 

the older slate and lavas so they cut across these older rocks and tend to form upstanding 
resistant dykes.  

• approximately 60 million years old 
 
 
We’ll now take a closer look at the origins of these rocks which broadly speaking owe their existence to 
the birth and death of an ancient ocean called Iapetus and the birth of a much younger ocean, the North 
Atlantic.  
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The Birth of the Caledonian Mountains 
 
Seil and the rest of the Scottish Highlands are part of an ancient mountain range, the Caledonian 
Mountains, which were formed by powerful earth movements known by geologists as the Caledonian 
Orogeny. These mountains once formed a long linear unbroken chain but nowadays fragments of this 
chain are found as far apart as Ireland, Norway, Greenland and eastern North America (the 
Appalachians). The rocks forming these mountains were originally deposited in ancient oceans which 
have long since disappeared. 
 

 
 
Large pieces of the earth’s crust (tectonic plates) can move by a process known as Plate Tectonics. It 
may surprise you to learn that as a result of these plate movements the portion of the Earth’s crust upon 
which Scotland rests has moved progressively northward over the past 800 million years. When the 
Easdale Slate was being deposited Scotland was in the southern hemisphere and from there we have 
drifted north crossing the equator some 350Ma (million years ago) to reach our current position in the 
northern hemisphere. 
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800 to 600 Million Years Ago 
The story of Seil’s rocks begins in the southern hemisphere some 800 Ma when what was to become 
Scotland was part of an ancient supercontinent called Rodinia. In the seas surrounding Rodinia a vast 
pile of sediments (the Dalradian) started to accumulate.  

 
 
600 Million Years Ago 
As a result of crustal stretching and rifting Rodinia starts to break up into individual tectonic plates leaving 
Scotland on the edge of a new continent called Laurentia that also includes North America and 
Greenland. Further crustal stretching and rifting leads to the formation of a new ocean called the Iapetus 
Ocean. Dalradian sedimentation continues on the margin of Laurentia for the next 100 million years. 
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500 Million Years Ago 
The Iapetus Ocean now separates Laurentia from the continents of Gondwana and Baltica (including 
Norway, Sweden & Finland). Slowly the continents converge and the ocean closes. 
 

 
 

 
 
480 Million Years Ago 
The Iapetus Ocean continues to close whilst near to the south pole a sliver of continental crust (given the 
name Avalonia and including present day England & Wales) was rifted away from Gondwana and drifts 
north on a collision course with Laurentia (Scotland). As the continents converged the rocks in front of the 
moving continents, including the Dalradian sediments, were squeezed up to form the Caledonian 
mountain range. The main phase of Caledonian earth movements took place between 470 to 430 Ma. 
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390 Million Years Ago 
By 390 Ma the Iapetus Ocean had completely closed. Baltica has collided head on with Laurentia 
whereas Avalonia has docked more gently to the south. Collision caused the rocks to become deeply 
buried, heated and recrystallized, growing new minerals in the process called metamorphism and it was 
through this process of metamorphism that the original soft muds and shales of the Easdale Slate were 
converted into hard and brittle slates. In extreme cases, the rocks melted to form magma, which 
accumulated in vast magma chambers, deep below the surface (Ross of Mull, Morvern and Cruachan 
plutons and the Kilmelford Intrusive Complex) or were erupted as the volcanic Lorn Lavas which form the 
cliffs and higher ground behind Ellenabeich. 
 

 
 

 
 
60 Million Years Ago 
Some 330 million years have passed and Scotland has now drifted into the northern hemisphere. The 
North Atlantic Ocean started to open 80 million years ago but the main eruptive phase of volcanic activity 
was about 60 Ma when Greenland split from Europe. Volcanic centres were present on Mull, 
Ardnamurchan, Rhum and Skye. Magma was intruded across Argyll as NW-trending dolerite dykes. 
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The Iapetus Ocean and the Dalradian Rocks 
 
Terminology 
Like most sciences geology can suffer from a profusion of terminology to describe not only the rocks 
themselves but also the processes under which they were formed. Nevertheless we can’t escape this 
terminology and when describing the Dalradian succession it is important that the correct nomenclature is 
employed. 
  
The Dalradian is a metamorphosed succession of clastic sediments (marine sandstones, siltstones, and 
mudstones) and limestones with some volcanic rocks. The names used to describe individual units 
depend on metamorphic grade (metamorphic grade is the degree to which the rocks have been altered 
by heat and pressure). The local Dalradian rocks are of low metamorphic grade having been altered only 
slightly and so to describe rocks of low metamorphic grade, many sedimentary rock terms are used (e.g. 
sandstone, siltstone) whereas, as metamorphic grade increases, metamorphic terms (e.g. pelite, 
semipelite, psammite and quartzite) are used to indicate the original composition of the sediment. To 
these, some textural terms have been added (e.g. slate, phyllite, schist or gneiss). The metamorphosed 
carbonate rocks are referred to as limestones, dolomites or dolostones. Metamorphosed igneous rocks 
are classified, where possible, on the basis of their non-metamorphosed equivalents (e.g. metabasalt, 
metagabbro). Where the non-metamorphosed equivalent cannot be identified, the term amphibolite, 
hornblende schist or gneiss is often used. 
 
Dalradian Stratigraphy 
Stratigraphy is the branch of geology concerned with the description of rock successions and their 
interpretation in terms of a general time scale. 
 
The Dalradian Supergroup is about 25km thick and is subdivided into four “Groups”, the lowermost being 
the Grampian Group which is succeeded in turn by the Appin, Argyll and Southern Highland Groups. 

  

 
 

Outcrop map of the Dalradian Supergroup 
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The local Dalradian rocks of Lorn and mid-Argyll are part of the “Argyll Group” deposited roughly between 
730 to 600 million years ago. The thickness of the Argyll Group metasediments is in the order of 11km. 
 
 

     
 

Generalised Dalradian Stratigraphic Column showing thicknesses and lithology 
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The Dalradian rocks were originally layers of soft sediment deposited in a variety of depositional 
environments at the margin of the Iapetus Ocean. The Dalradian rocks formed from this sediment and 
include sandstone and quartzites from shallow water and coastal sands; limestone from lime chemically 
precipitated in coastal lagoons; and siltstones, mudstones, slate and shales from deeper-water silts, 
muds and clays. The various environments of deposition of these sediments are shown in the cartoon 
below: 
 

 
Block diagram illustrating the various environments of deposition  

in which the Dalradian sediments accumulated 
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The Dalradian rocks that outcrop on Seil and the outlying islands of the Garvellachs, Fladda, Belnahua, 
Lunga, Scarba and Luing all belong to the lower part of the Argyll Group with the oldest being the Port 
Askaig Tillite and the youngest the Easdale Slate.  
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Port Askaig Tillite 
Some 700m thick and an internationally important sequence of rocks because they show evidence that a 
major glacial period occurred some 730 million years ago on the continent of Rodinia. What is interesting 
about the Port Askaig Tillite, is that it was the first rock unit ever described (in 1871) to be attributed to 
these ancient glaciations. At certain horizons there are boulder beds (diamictites) which have been 
interpreted as being fossilised glacial till deposits (hence the term “tillite”). More recent studies of the Port 
Askaig Tillite have attributed the origin to glacially influenced marine sediments. 
 
Interestingly the Port Askaig Tillite is both underlain and overlain by dolomites, the Islay (Lossit) 
Limestone and the Bonahaven Dolomite respectively. These dolomites may not have needed the warm 
temperatures (>22°C) necessary for the formation of dolomite today, but if they did then climatic changes 
must have been very rapid to account for the presence of these dolomite beds. 
  

 
Boulder bed (diamictite), Garvellachs 

 

 
Great Breccia containing an enormous 70m long clast  

of metadolostone, Eileach an Naoimh, Garvellachs 
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Bonahaven Dolomite 
This horizon does not outcrop in the local area and the nearest outcrop is to be found around 
Bunnahabhain on Islay. The Bonahaven Dolomite indicates a return to warmer conditions. It is some 
300m thick on Islay and comprises dolomites, dolomitic sandstones, siltstones, and mudstones (now 
slates). The presence of stromatolites indicates deposition in an arid lagoonal environment. Stromatolites 
are probably the earth’s oldest fossils and are still found today in arid tidal flat environments. They are 
layered accretionary structures formed in shallow water by the trapping, binding, and cementation of 
sedimentary grains by cyanobacteria (blue-green algae). More recently the Bonahaven Dolomite has 
yielded evidence of eukaryote microfossils, the first organisms with cell nuclei. 
 

 
      Stromatolitic dome in the Bonahaven Dolomite,  

    Bunnahabhain foreshore, Islay 
 

 
Bonahaven Dolomite outcrop adjacent to the Bunnahabhain Distillery, Islay. 

Geology fieldwork can be thirsty work!  
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Jura Quartzite 
The Jura Quartzite represents a sea level rise (marine transgression) heralded by the influx of thick 
(c.5km) tidal-shelf sands. The sequence consists of massive planar bedded, rippled and cross-stratified 
quartzites. The downcurrent migration of the ripples gives rise to the cross-stratification. The cross-strata, 
referred to as foresets, represent the former position of the ripple lee face. Planar cross-strata (as shown 
in the photograph below) are produced by the migration of straight crested dunes or ripples. The planar 
bedded units above and below the cross-stratified bed are indicative of turbulent flows at high flow 
velocities. 
 

 
Planar-bedded, cross-stratified & rippled Jura Quartzite, summit of Cruach Scarba (apple for scale) 

 

 
Close-up view of sinuously rippled Jura Quartzite, summit of Cruach Scarba (apple for scale) 
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The formation of planar cross-stratification from the downstream migration of straight  

crested ripples or dunes. Note that the foresets represent the former position of the ripple lee face.  
 
It is the Jura Quartzite that forms the most obvious landscape features. They are formed almost entirely of 
grains of quartz (silica), which are firmly cemented together, making them very hard and resistant to 
erosion. They tend to form all of the higher peaks and ridges in the region, in particular the Paps of Jura 
and also Cruach Scarba, the highest point on the island of Scarba. 
 

           
Jura Quartzite, Paps of Jura. Looking north from Beinn a' Chaolais to Beinn an Oir and Beinn Shiantaidh. 

Note the individual quartzite beds dipping to the south-east at approximately 40 degrees 
 

 
Asymmetric fold in the Jura Quartzite, SE Scarba 
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Jura Slate / Scarba Conglomerate 
The Jura Slate and Scarba Conglomerate have a combined thickness of about 200m. The Jura Quartzite 
is overlain by the deep water mudstones of the Jura Slate and this transition from the Jura Quartzite into 
the Scarba Conglomerate demonstrates a distinct change in sedimentary environment from shallow-water 
to deep marine. The rapid deepening event indicates tectonic instability and is good evidence for fault-
controlled rifting in the basin due to crustal stretching. There are good outcrops of this interval on the east 
coast of Jura, in particular at Lussa Bay but there is also a more accessible outcrop north of Oban at 
Selma near Benderloch. The Selma Breccia contains a c.30m thick sequence of black slates, with pebbly 
mudstones and calcareous grits, passing up into sedimentary breccias. The mudstones indicate basin 
deepening, and the conglomerates have been interpreted as marine-slope slump deposits. These are 
deposits that formed when clastic material building up on the upper parts of a marine slope became 
unstable and started to flow down slope. 
 

 
Pebbly mudstone unit within the Selma Breccia  

(Scarba Conglomerate equivalent), Selma foreshore at Ardmucknish Bay 
 

 
Intra-formational clasts preserved within the Selma Breccia on the  
Selma foreshore at Ardmucknish Bay. The clasts are uncleaved  

and are interpreted as being deposited by sediment gravity-flows.  
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Easdale Slate 
The Easdale Slate is a c.700m thick deepwater deposit consisting mainly of dark grey to black graphitic 
slaty metamudstone, generally pyrite-rich, with pods and bands of orange-brown-weathering dolostone, 
and some layers of metasiltstone and metasandstone. 
 

 
Interbedded metamudstone (slate), metasiltstone and dolostone in the Easdale Slate illustrating both  

the primary bedding planes and the secondary slaty cleavage planes. Seaview, Isle of Seil. 
 
Slaty Cleavage 
Slate owes its’ ability to split into coherent slabs to the possession of “cleavage” which is a secondary 
pervasive planar fabric imposed on the rock by metamorphism. Slates are formed from fine-grained 
sediments such as mudstone and shale. When these are compressed and heated a little under low-grade 
metamorphism, tiny new flakes of mica grow, and tend to line themselves up at right angles to the 
direction of compression. Although the individual mica crystals cannot be seen, the rock breaks along a 
particular direction, or cleavage plane. If the mica crystals are visible the rock is called a “phyllite”. 
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With increasing metamorphism (more intense heat and pressure) schist and then gneiss are formed.  
Schist: the size of the mineral grains tends to enlarge with increasing grade of metamorphism.  Eventually 
the rock develops a near planar foliation caused by the preferred orientation of sheet silicates (mainly 
biotite and muscovite).  Quartz and felspar grains, however show no preferred orientation.  The irregular 
planar foliation at this stage is called schistosity.  
Gneiss: as metamorphic grade further increases, the sheet silicates become unstable and dark colored 
minerals like hornblende and pyroxene start to grow.  These dark colored minerals tend to become 
segregated in distinct bands through the rock, giving the rock a gneissic banding.  Because the dark 
coloured minerals tend to form elongated crystals, rather than sheet-like crystals, they still have a 
preferred orientation with their long directions perpendicular to the maximum differential stress. 
 

 
 
The slate quarries of Seil, Easdale and Luing are located on the common limb of the Islay Anticline and 
the Loch Awe Syncline. Associated with these large scale primary folds is the dominant slaty cleavage of 
the area which strikes NNE and dips approximately 45° to the ESE. Cleavage is generally striking NNE, 
dipping 30° to 50° and the grain is generally pitching at approximately 90° on the cleavage. 
 

 
Diagram illustrating the relationship between the major  

structural folds and the orientation of dominant slaty cleavage 
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While the major folding of the area produced the regular cleavage, local distortion is caused by changes 
in lithology and by medium and minor scale folding. Using the Gaelic names given by the quarriers to the 
different parts of the fold, larger slates were produced from the scriob where bedding and cleavage 
(sgoltadh) are sub-parallel than on the beul where bedding and cleavage are at a high angle. 
 

 
Diagram of minor folding in the Easdale area showing the Gaelic terms used for the different parts of a 

fold by the quarriers i.e. where bedding and cleavage are sub parallel was called the scriob (pronounced 
“skreep”), where the beds are horizontal was called the bonn (pronounced “bown”) and where the beds 

are vertical was called the beul (pronounced “byel”). 
 
 
Crenulation cleavage 
Crenulation cleavage (formerly called strain-slip cleavage) is found in rocks which have undergone more 
than one phase of deformation. Regionally the intensity of later deformations decreases to the NW away 
from the Loch Awe Syncline, however it can be seen in the Easdale area as a secondary fabric where the 
original slaty cleavage has been crenulated into microfolds (crenulation cleavage). This crenulation fabric 
is very common in Easdale slate giving the surface an attractive corrugated effect. This crenulation 
cleavage pitches at angle from 0° to 45° on the cleavage surface and it is one of the characteristics of 
slate commonly used to identify the Easdale slates although it is also found to a lesser extent in 
Ballachulish slates. In most cases multiple phases of deformation of the rock distorts the original cleavage 
making the rock uneconomic for slate production. 
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Easdale slate with crenulation cleavage giving the slate a crinkly appearance 

 
Distortion of Cleavage 
The cleavage is distorted by a number of factors: 

• changes in lithology causing the cleavage to be refracted. 
• in the hinges of folds, cleavage and bedding are at a high angle and splitting occurs along both 

bedding and cleavage planes giving a flaky or pencil cleavage. 
• in proximity to Tertiary dolerite dykes the cleavage is lost. 

 

 
Easdale Slate outcrop displaying cleavage refraction due to different lithologies,  

this feature being known as “ribboning” by the quarriers. 
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Destruction of cleavage in Easdale Slate at the axis of a fold where 

 bedding and cleavage are at a high angle to one another 
 
Durability of Slate 
The durability of the quarried slate depends upon the mineralogy of the slate rock which varies from 
quarry to quarry. The major minerals present in the Seil and Luing slates are quartz (up to 25%), white 
mica, chlorite, plagioclase felspar (albite) and carbonate (mostly dolomite but occasionally magnesite). 
Minor minerals present include pyrite, apatite, ilmenite and graphite. 
 
Where the slate rock possesses a high quartz content and a high white mica/chlorite ratio the quarried 
slates show a high durability to weathering but the presence of pyrite, carbonates and graphite are 
negative constituents. The most serious cause of weathering is water penetrating the slaty cleavage and 
in this regard the slates from Toberonochy quarry on Luing show the highest resistance to water 
penetration. The presence of both pyrite and carbonates is a detrimental combination as these two 
minerals will react to form gypsum, even in the absence of water, eventually softening the slate and 
making it crumbly. Such a mineral combination is often found in the quarried Balvicar slates.  
 
Degnish Limestone 
The Degnish Limestone is a c.20m thick sequence of interbedded metalimestones, metamudstones and 
calcareous metasandstones which marks the transition from the deepwater Easdale Slate into the 
shallow marine Craignish Phyllite. This interval outcrops at Degnish Point on the mouth of Loch Melfort 
and down the western side of the island of Shuna. 
 

 
Interbedded metalimestone, calcareous metasandstone and  

metamudstone (slate) of the Degnish Limestone Member, Degnish Point  
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Craignish Phyllite 
Phyllite is similar to slate, except it forms at higher temperatures. Now the new mica flakes are large 
enough to see under the microscope, and form mats of crystals lying parallel to each other. In hand 
specimen this rock has a glossy sheen, but individual mica crystals cannot be distinguished with the 
naked eye. 
 
The Craignish Phyllite is exposed further to the south and east from Loch Melfort to the tip of the 
Craignish Peninsula. The phyllites are a lustrous green-grey colour and are interbedded with numerous 
thin quartzitic bands and thin beds of metalimestone. This sequence is almost 4km thick and marks a 
return to shallow / marginal marine conditions on a marine shelf where sedimentation was storm- rather 
than tide-dominated. The sediment input was mainly fine-grained although the phyllites are interbedded 
with harder sandier beds. 
 

 
Shore section of Craignish Phyllites, Rubha na Traighe,  

Craignish Point looking south to the Dorus Mor 
 

 
Craignish Phyllites with ribs of calcareous quartzite. Crenulation cleavage dipping 

 from left to right at high angles. Cliff on south side of Barr na Coille, 2.1 km. WNW of Ardfern  
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Crinan Grit 
The Crinan Grit is a 1km thick sequence of psammites and coarse-grained quartzites interbedded with 
greenish grey phyllites. Thin limestones and black slates locally present. It marks another rapid basin-
deepening episode. Earthquake induced liquefaction structures can be found. The Crinan Grits are 
submarine channel sediments (turbidites). 
 

 
Cartoon illustrating the deposition of turbidites 

 
 

 
Open fold in Crinan Grits, Kilmory Bay, Knapdale 
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Tayvallich Limestone & Tayvallich Lavas 
The Crinan Grit is overlain by 600m of Tayvallich Limestone and 1300m of Tayvallich Lavas. This 
sequence is dominated by carbonates, locally accompanied by thick mafic volcanic rocks and sub-
volcanic sills marking for the first time rupturing of the continental crust that accompanied the birth of the 
Iapetus Ocean. Some of the volcanic rocks erupted on the ocean floor. The lava surface “froze” 
immediately it made contact with the sea water and formed a thin skin of glassy rock around pillow-
shaped blobs and tubes of still-molten magma. The magma continually broke through the solid skin and 
the process was repeated to build up a pile of what are known as “pillow lavas”. These pillow lavas are 
exposed along the western side of the Tayvallich peninsula. 
 

 
Formation of Pillow Lavas 

 
 

 
Basaltic pillow lavas in the Tayvallich Volcanic Formation showing 

concentric bands of vesicles, coast of An Aird, west Tayvallich peninsula 
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Throughout much of Argyll the magma never reached the surface and solidified at shallow depths in 
horizontal sheets called “sills”. These sills have their greatest development on the mainland east of Loch 
Craignish, and die out towards the west.  
 
Originally a basic igneous rock (basalt or dolerite containing the minerals olivine and pyroxene) both the 
lavas and sills have undergone low grade metamorphism to form metabasalts, metadolerites, or where 
the non-metamorphosed equivalent cannot be identified, amphibolites or hornblende schists. 
Metamorphism has changed the original pyroxenes and olivines to hornblende and chlorite (green) and 
felspar (colourless), and given the rock a banded appearance due to the segregation of these minerals. 
As well as a banded appearance in the field these rocks often look dark greenish black with a brown 
weathered surface. The low degree of metamorphism has meant that their igneous textures and 
structures are usually preserved.  
 
In hand specimen many appear schistose (a foliated scaly texture); this is especially the case when they 
contain much chlorite and amphibole. Others, however, have almost a massive appearance. On a fresh 
surface the dominant colour is dark green owing to the abundance of chlorite and amphibole. Biotite is a 
rare accessory mineral, but crystals of plagioclase felspar, often broken and granulitised, are common. 
Some examples have a vesicular texture (containing small cavities) with mineral-filled cavities 
(amygdales) of calcite, quartz, and chlorite. These amygdales tend to weather out on exposed surfaces of 
the rocks, leaving rounded or elongated cavities. 
 
The north-east to south-west trending ridge and glen topography of the areas around Knapdale, Craignish 
and Kilmartin is due to the parallel outcrops of these metabasalts/metadolerites which form the more 
resistant ridges interbedded with the Craignish Phyllites and Crinan Grits which are softer and form the 
lower areas. 
 
Ironically the rocks that make up the lavas and sills and form resistant landscape features are also very 
easy to carve. The orientation of new minerals that grew during the Caledonian earth movements enables 
them to be split into slabs. Consequently they were the preferred material for the construction of the many 
celtic crosses that are a feature not just of this region and also all along the western seaboards of 
Scotland and Ireland. 

 
Kildalton Cross, Islay carved from Dalradian metabasalt  
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After Continental Collision: a hostile arid land with volcanoes 
 
The Iapetus Ocean started to close some 500 million years ago and by 430Ma the continents had 
collided, welded together and uplifted.  
 
The uplift of the crust after the continental collision left a range of high mountains, the Caledonian 
Mountains. Argyll was about 15 degrees south of the equator and the climate was hot and dry and there 
was little vegetation but there were frequent flash flood events which deposited large boulders in a gritty 
matrix to form a rock known as conglomerate. The products of these floods can be seen around Oban 
and especially on the island of Kerrera where they are 130m thick. These sediments are referred to as 
the Kerrera Sandstone Formation of the Lower Old Red Sandstone and where present they 
uncomformably overlie the much older Dalradian metasediments. On the island of Seil the Kerrera 
Sandstone Formation is a much thinner sequence of minor conglomeratic beds interbedded with purplish 
red and white fine grained sandstones and mudstones. In turn these sediments are overlain by the thick 
lava pile of the Lorn Lavas. 
 
Kerrera Sandstone Formation (Lower Old Red Sandstone) 
The Kerrera Sandstone Formation is only exposed on Seil at Sloc an t-Siomain (the bay just north of 
Ellenabeich) where it consists of red laminated mudstones containing dispersed pyroclastic debris 
interbedded with coarser red and yellowish siltier flags and siltstones with ripple marks and scattered 
suncracks and overlain by a thin conglomerate. The rocks are mainly red in colour due to the presence of 
the mineral haematite. The presence of this particular iron oxide is evidence for a terrestrial environment 
of deposition such as a desert. These sediments dip in a north-westerly direction at an angle of from 10° 
to 20° but they are apparently not at the base of the lava-flows of this area, as andesite is again seen 
immediately beneath them. The shales rest upon a highly vesicular andesite, and the conglomerate is 
overlain by a dark, compact, rather basic andesite, well exposed on Am Bioran. Very similar shales and 
grits are again seen at  the top of the steep slope on the south-east side of this bay.  
 

 
Interbedded red-brown siltstones, mudstones and fine-grained sandstone of  

the Kerrera Sandstone Formation. This outcrop is cut by a vertical Tertiary dolerite 
 dyke (lighter brown colour).Sloc an t-Siomain, Seil. 
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Suncracks on the bedding plane of siltstone. The cracks are  

infilled with mudstone. Sloc an t-Siomain, Isle of Seil. 
 
Another striking feature of these rocks is the regular greenish grey staining around the margins of the joint 
surfaces in the red siltstones. The red colour is due to the presence of haematite (Fe2O3, red iron oxide) 
containing the Fe3+ ion and signifies deposition in a terrestrial (oxidising) environment where the Fe3+ ion 
is stable. Sometime later after formation of the joints, the joints have then acted as “plumbing” conduits 
enabling a reducing fluid to penetrate through the rock body and remobilise the haematite and bleach the 
rock thus imparting a greenish colour to the rock matrix parallel to the joint surfaces. The reducing fluids 
have “soaked” into the surrounding siltstone by traveling (less efficiently) through its pore spaces, and left 
a stain marking the limit of in-soaking. Because the siltstone is poorly porous the reducing-fluid front has 
only penetrated a short distance into the rock matrix. 
 

 
Bleaching of red siltstones parallel to joint surfaces. 

Sloc an t-Siomain, Isle of Seil. 
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How does bleaching happen chemically? Some waters contain reducing agents (electrons are added to 
the iron atom and oxygen is removed) that make the iron soluble in water. To make iron soluble, the 
water can restore one of the electrons that was lost by iron during early weathering and oxidation. Fluids 
such as hydrocarbons (petroleum), weak acids (vinegar-like), or those with hydrogen sulphide (gas that 
smells like rotten eggs) can also restore an electron to iron, thus these are called reducing waters. This 
water can dissolve and remove nearly all of the haematite and bleach red sandstone. 
 

 
Interbedded mudstones and flaggy siltstones of the Kerrera Sandstone Formation,  

east side of Barnacarry Bay 
 

 
Flaggy siltstones of the Kerrera Sandstone Formation have been quarried  

for millstone production, east side of Barnacarry Bay 
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Lorn Lavas 
The process of welding the continents together during continental collision at the final closure of the 
Iapetus Ocean also caused the crust to become thickened and the rocks were subjected to a regime of 
increased pressure and temperature as they became more deeply buried. This process of heating and 
pressurisation is known as metamorphism and it caused the minerals within the Dalradian rocks to 
recrystallise, growing new minerals and realignment of the new minerals imparted cleavage to the rocks.  
 
From about 420Ma to 400Ma a period of Late Caledonian Igneous Activity prevailed where the rocks at 
deeper crustal levels melted to form magma chambers deep below the surface. This magma either 
crystallised at depth to form granitic plutons (the Etive, Rannoch Moor and Strontian plutons) or it erupted 
at surface to produce lava flows (the Lorn Lavas and the Glencoe Volcanics). 
 
 
 

 
 
On the Isle of Seil volcanic and volcaniclastic rocks overlie the sediments of the Kerrera Sandstone 
Formation although elsewhere the volcanic rocks typically rest directly on Dalradian rocks. These volcanic 
rocks represent part of the extensive Lorn Plateau Lavas, which crop out over an area of 300km² between 
Glencoe and the Oban district.  
 
The Lorn Lava sequence is up to 800m thick and comprises flows of basalt and andesite with rare acid 
lavas and ignimbrites (the product of pyroclastic flows). Individual flows are 5 to 30m thick but they cannot 
be traced for any distance inland because of poor exposure; only on the north side of Loch Etive can 
individual flows be traced for several kilometres. These andesitic lavas were probably erupted gently from 
fissures fed by dykes and small vents but further north violent explosive volcanic eruptions of more gas-
charged lavas were occurring at volcanic centres at Glen Coe and Ben Nevis. 
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All the andesitic flows of the Ellenabeich area belong to basic types, and are sometimes dark and 
compact, or purple and highly vesicular. Brecciation of the flows is often well shown, the resulting rock 
sometimes showing a strong resemblance to an agglomerate. The best sections of the andesites are 
found along the line of crags that form the basal portion of the series, and extend from An Grianan to Dun 
Mor, while the dark grey compact type is well exposed on Am Bioran, to the north of Dun Mor. 
 

 
Characteristic purple-coloured andesitic lavas of the Lorn Lava pile cut by a 2m wide brown-coloured  

Tertiary dolerite dyke. My head and shoulders feature at the bottom of slope for scale.  
Road cutting above Loch Seil. 

 

 
Close-up of near horizontally layered Lorn Lavas showing a rubbly texture. Road cutting above Loch Seil. 
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Another small but very interesting eruptive volcanic centre is situated a short distance south-east of Seil 
near Kilmelford. This complex comprises a large porphyritic* igneous body, flow-banded felsite, a mass of 
agglomerate, and several bodies of hydrothermal breccia which were formed in a volcanic vent. The vent 
setting of the area provided a favourable environment for circulation of hydrothermal mineralising fluids 
leading to widespread alteration of the rocks and introduction of anomalously high concentrations of 
silver, copper, molybdenum, zinc, lead, arsenic and gold. 
 
*Porphyrite is a general term applied to igneous rocks of any composition that contain conspicuous 
phenocrysts (crystals) in a fine-grained groundmass. The term is from a Greek word for purple dye (the 
rocks generally have a purple hue). The mineralisation associated with porphyrites is found beneath 
volcanoes and is associated with subduction zones. Erosion strips off overlying rocks to expose the 
mineralisation. Gold and copper and other metals are found in sulphide minerals disseminated throughout 
the large volumes of intrusive rock. 
 

 
Diagram of a porphyritic igneous body similar to the Kilmelford Intrusive Complex. 
The fractured nature of the rock in and around the volcanic vent allows pervasive  

circulation of hydrothermal fluids carrying mineralised fluids. The resultant metal ores  
occur as disseminations along hairline fractures as well as within larger veins,  

which often form a stockwork 
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The Birth of the North Atlantic Ocean 
 
Tertiary Volcanics 
Vertical dolerite dykes of Tertiary age are present throughout the region and form obvious landscape 
features on Seil and Easdale. These rocks are associated with the North Atlantic Igneous Province 
(NAIP) and are part of an extensive sequence of rocks which are exposed from West Greenland, through 
the Faeroe Islands to the northwestern margin of the British Isles where the NAIP is referred to as the 
British Tertiary Igneous province. The NAIP developed over a period between 62Ma – 47Ma and is 
related to the opening of the North Atlantic Ocean. This spreading of the North Atlantic Ocean floor was 
preceded by volcanism with the main eruptive phase being associated with widespread flood volcanism, 
occurring between 61Ma and 58Ma. The roots of the volcanoes are found today in the Hebrides, in Mull, 
in the Cuillin hills of Skye, in Rhum and on the Ardnamurchan peninsula. The volcanoes were the surface 
expression of basaltic magmatism generated melting in the mantle triggered by rifting. 
 

 
Map showing the extent of the British Tertiary Igneous Province 

 
The style of igneous activity seems to have followed a pattern: 
 

1) eruption of plateau basalts and tuffs 
 
2) intrusion of plutonic complexes 
 
3) intrusion of dyke swarms 

 
The Giant's Causeway and Fingal's Cave are perhaps the most famous worldwide locations of the British 
Tertiary volcanic province. These locations are famous for their hexagonal columns of basalt lava, the 
columns forming during cooling. When the lava cools down and it crystallises and as it does so it loses 
volume. The lava usually cools on the surface first and the most economical way for it to shrink is to 
shrink into hexagonal shapes, leaving a crack between each hexagon. Eventually the lava cools right 
through and leaves deep hexagonal columns. 
 

33 | P a g e  
 



The dolerite dykes generally trend between NNW-SSE and NW-SE and constitute a major regional dyke 
swarm which extends over an area of over 4000 km2 from Lewis and Harris, through Skye to the Great 
Glen and as far as Cleveland. Most are less than 2m wide, but some are up to 40m and locally they are 
so numerous that they occupy up to 20% of the rock outcrop. The dykes probably rose from elongate 
ridge-like magma chambers which developed in deep crustal fractures related to the opening of the North 
Atlantic Ocean. Some undoubtedly represent solidified feeders to the fissure eruptions which produced 
the plateau lavas. However, they continued to be emplaced during the development of the central 
complexes and for some time afterwards, until the igneous activity in the Hebrides finally waned between 
55 and 52 million years ago. The whole of the igneous activity, from the earliest volcanic eruptions to the 
latest dyke intrusions was therefore completed in a period of about 8 million years, short by geological 
standards. 
 

 
Dolerite dyke cutting Lorn Lavas, Sloc an t-Siomain, Isle of Seil 

 

 
Dolerite dykes cutting Easdale Slate Formation,  

Oban Seil (Ardencaple Road), Isle of Seil 
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The Landscape Today 
 
Some of the earliest sediments deposited after the Caledonian Orogeny contain fragments of the highest 
grade metamorphic rocks and from this it can be deduced that by about 425 million years ago the 
mountains of the Highlands had been eroded down to their roots and the highest-grade metamorphic 
rocks were exposed. Today the mainland is once again mountainous. Why? The answer to this question 
lies by looking out across the Firth of Lorn to the cliffs and mountains of Mull where on a clear day you 
can see part of the evidence. The first piece is the North Atlantic Ocean which owes its’ existence to 
widespread magmatic activity but not all the magma made it up to the surface volcanoes. Geophysical 
data suggest that vast amounts were plastered on to the base of the crust. And the effect of this would 
have been to jack the crust up, pushing up the landscape on top. So the height of the Highlands today 
does not reflect the wearing down of the Caledonian mountain belt but rather it tells of the amount of uplift 
created next to the rifting crust as the Atlantic opened some 60 million years ago. 
 
Another key to the modern landscape of NW Scotland is glaciation. Our story now changes from one of 
tectonics to a tale of climate change. The final sculpting of the Highland mountains only occurred over the 
last two million years – during the Ice Age. Parts of Scotland have been covered by glaciers for much of 
the last two million years, with warmer times between periods of glaciation. Glaciers have phenomenal 
erosive power with each new glacial episode causing yet more erosion, which destroys much of the 
evidence for earlier glaciations. Thus, we only really know the details of the most recent glaciations in this 
area, which occurred between 29,000 and 11,500 years ago. From about 18,000 years ago, the glaciers 
began to retreat, and may eventually have disappeared completely. However, another cold period began 
about 13,000 years ago. This most recent glacial period is termed the Loch Lomond stadial (after the site 
of the moraines left by it). The thickest ice, perhaps 600m thick, lay over modern Rannoch Moor (east of 
Glencoe).  
 
Over time, the large weight of ice locked up in the glaciers had depressed the Earth’s crust. Although sea 
level rose initially as the glaciers melted, once this weight of ice was removed, the land slowly began to 
rise (or 'rebound'). Coastal features such as beaches, which had formed during the glacial period, were 
thus steadily raised above sea level. Today excellent examples of ‘raised beaches’ can be seen around 
the shores of Seil and Luing. 
 

 
 

Relict cliffline and raised beach platforms, north-east Luing.  
Photograph taken from Barr Mor, Seil looking due south 
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Suggested Further Reading 
 
If this account of the geology of Seil & Easdale has whetted your appetite for further study or just a good 
read around the subject then I can recommend the following texts: 
 
Readable and entertaining books for the non-specialist include; 
 
Argyll & the Islands: A landscape fashioned by geology. (Scottish Natural Heritage & British 
Geological Survey). 
 
Land of Mountain and Flood: The Geology and Landforms of Scotland. Alan McKirdy, John Gordon, 
Roger Crofts. 
 
Hutton's Arse: 3 Billion Years of Extraordinary Geology in Scotland's Northern Highlands. Malcolm 
Rider. 
 
Books and papers demanding more specialist knowledge include; 
 
Mountain Building in Scotland. Kevin Jones and Stephen Blake (Open University) 
 
Sedimentation and tectonics in the Scottish Dalradian. Roger Anderton’s classic paper published in 
1985 in the Scottish Journal of Geology, 21, 407-436:  
 
 

How I got into Geology 
 
I was lucky to grow up in the country north of Oban where my interest in the natural world and geology 
was sparked at a young age. There were rocks everywhere and I remember as a youngster scouring 
local beaches picking up pebbles and attempting to identify the various minerals and rock types, a habit 
that still persists to this day! My mum helped nourish this fledgling interest by giving me a set of minerals 
and fossils for Christmas one year. I chose to study geology at the university the furthest from home, 
Southampton University, and followed that by studying for an MSc at Imperial College London. On 
graduating I embarked on a career as a petroleum geologist in the oil industry at first working in the North 
Sea, then drilling onshore wells in the UK where back in the 1980s we fracked wells in Sussex to the 
complete disinterest of the world at large. This was followed by overseas projects in Ukraine, 
Turkmenistan and Thailand. After setting up as an independent consultant to the oil industry I returned 
home to Argyll some years ago and I now work in west Africa. When I look back at my career, I see 
geology as giving a context for putting everything under the heading of “how the world works, and my 
place in it”. 
 
John Sedgwick 
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