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To understand the geological history of the Torrin-Suisnish area from a southwestern section of Isle 

of Skye, a month-long investigation of ~15km2 peninsula was undertaken. The hand-specimen and 

thin-section descriptions, stratigraphic logs, and numerical analysis of quantifiable data were used 

to help with the understanding of local geology and corresponding reconstruction of its 

palaeoenvironment. The area is composed chiefly of carbonate-clastic marine sequences, the oldest 

being the Ordovician lagoon-deposits; followed by a younger, much thicker Mesozoic sand-mud 

successions. The Mesozoic sequences capture biologically active environment with numerous 

unarticulated fossils of Gryphaea, bivalves, gastropods and ammonites, indicating calm, equatorial 

oxygenated environment. The sediments are intruded by numerous differing igneous rocks emplaced 

during the Tertiary period, most notable being the Beinn an Dubhaich granite. Numerous hand 

samples of the granite were collected on the E-W axis to see if the formation is layered. This 

investigation showed that the granite was heterogeneous, possibly due to extensive magma mixing or 

multiple intrusions of a variable chemical composition. The area is not an epitome of deformation, 

with one major fault, which resurfaced older Neoproterozoic formations, Eriboll and Applecross, and 

caused brecciation in the Stornoway Formation. Based on the outcrop pattern it might be assumed 

these formations were emplaced by a reverse fault sometime after deposition of Central Igneous 

Complex. The area provides an insight into the turbulent geological past of northern Scotland, from 

faulting to complex igneous activity, and biodiversity of Mesozoic fauna.   
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1.0 Introduction  

 

  The investigated area covers southern peninsula of 

the Isle of Skye, a landmass that spans over 15km
2
 

(Fig.1.1-1.2) and stretches from three villages: Torrin, 

Suisnish and Boreraig, with coastal sections 

corresponding to Loch Slapin and Loch Eishort. The 

area is sparsely populated and chiefly used for sheep 

and cow grazing. There are numerous abandoned 

hamlets build from locally available aggregate and 

three marble quarries, one of which is still active.  

  The area was investigated from 17/06/17 to 

22/07/2017.  

  The outline of the mapped area can be accessed via 

the tourist footpath; the central area is unpaved and 

marshy, albeit footpath erosion leads to many of the 

vital outcrops. The terrain varies from dry to boggy, 

dependant on the underlying bedrock.  Grass or low-

lying bushes with a forest, cover most of the area. The 

climate is maritime, during the investigation the 

weather was anticyclonic with good visibility. It is a 

popular student destination, which means that many of 

the fossils are over-collected. 

  The outcrop quality is highly variable; the area 

around Camas Malag or Kilchrist offers numerous 

limestone-granite contact exposures. The coastal 

session can be investigated during low tide and 

accessed by following gentle breaks in slope. The midland Mesozoic sediments in-land are sparse 

with foliage obscuring contacts between the Jurassic formations. The igneous intrusions have decent 

exposure, with more than 40% being accessible as scattered, glacially eroded patches. The heavily 

faulted area, while being moderately well exposed, does not offer sufficient structural information.  

  The location is an area of continuous research, with numerous papers being published, studying the 

Beinn an Dubhaich granite or the stratigraphy of sedimentary structures by Hallam (1959) and 

Hesselbo (1998-2000), which formed the basis of this investigation.  

 

  

Figure 1.1: Geological map of Skye, adapted from Digimap 

Figure 1.2:   

OS Map of the area. The 

magnetic declination is of 

3.75o. 
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1.1 Regional Geologic Setting  

  

  The Isle of Skye is continuously affected by structural changes that have occurred on the mainland 

Scotland throughout Neoproterozoic to Quaternary, resulting in a range of structural and 

deformational features and a gallery of rock types. Its Precambrian granitic rocks emplaced 2.8 Ba, 

have been subjected to extensive metamorphism and folding with Moine sequence (1000-550 Ma) 

creating Lewisian complex (Peach, 1907) which was transported E to W (McClay, 1981). The heavily 

folded and metamorphosed sequences are the basal member for the entirety of the island.  

  The Lewisian Gneiss was subjected to erosion during Precambrian and sequentially covered in sandy 

fluvial deposits (Stephenson, 1993) belonging to, what is considered, oldest sedimentary unit, 

Torridonian.    

  The Caledonian orogeny driven by the Moine Thrust terminated in Silurian. There is a long gap in 

the record, lacking Devonian to Mid Triassic deposits (Stephenson, 1993).  

  The Mesozoic sediments filled the extensional Hebrides Basin. The deposition was regulated by 

doming caused by then active volcanic provinces. The basin infill, varies from Late Triassic arid 

terrestrial, the Jurassic range of coastal environments (Hasselbo, 2000), and shallow Cretaceous chalk. 

The tidal Jurassic environments preserved exceptional dinosaur trackways, north of the mapping area.    

    The chalk was deposited before subsequent folding and metamorphosis caused by extensive 

Tertiary volcanic, giving rise to the Tertiary Igneous Complex.  

  The formations were heavily eroded by island-wide glaciations, followed by subsequent melt leading 

to the creation of peat bogs and still ongoing glacial rebound (Dawson, 2008).   

 

  Spatially most of the island is composed of Palaeogenic mafic rocks collectively known as Skye 

Lava Group, originating from subaerial volcanic explosions taking place 60 Ma (Jolley, 1997). The 

large plutons and sills of gabbro and granite recognised as the Central Complex date to Tertiary and 

outcrop southwards to the Lava Group. The country rock is chiefly composed of Mesozoic sediments 

with a section being emplaced by the Kishorn Thrust (Potts, 1982) resurfacing Cambro-Ordovician 

limestones, Lewisian Complex and Torridonian.   

 The investigated area lies in close proximity to South East trending Kishorn Thrust belt, a southern 

offshoot of larger Moine Thrust (Fig 1.3). The Moine Thrust is 200 km long and has led the 

Caledonian Orogeny, its allochthonous footwall is composed of folded Cambrian limestones, which 

display an imbricate fan with a décollement sitting on autochthonous Neoproterozoic sediments 

Figure 1.3: Major faults and Thrust of NW Scotland from Emeleus, 2005 
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(Johnson, 1957); some papers address the formation to be a nappe due to its considerable thickness. 

The imbricate fan has displaced the Durness limestone, heavily deformed Pipe Rock and Lewisian 

Gneisses. The Lewisian and Moine sequences thrust over each other along the margin of the Moine 

Thrust.  

  While the mapping area does not cut through any of the major thrust zones, local deformation and 

minor thrust sequences might be a result of an offshoot of the major event  

   

1.2 Summary of the geology of the area 

 

  Dominating the area are clastic and carbonate marine successions intruded by chemically variable 

tertiary igneous intrusions. Faulting has introduced unconformable older formations, such as 

Neoproterozoic fluvial channel deposits, Applecross; deformed metamorphosed quartzite, Eriboll and 

Stornoway, a brecciated paraconglomorate with a calcitic matrix.  

  The sequence initiates with calcitic Durness group, which splits into two members, basal (Lonachan) 

composed of the massive micritic limestone with intervals of laminated clastic units, and upper (Ben 

Suardal) with numerous chert nodules changing in colour and abundance irregularly across the 

formation. The Formation lies in a sharp angular contact with Mesozoic sediments. The sediments 

originate from Early Jurassic and divide into Breakish, Ardnish, Pabay and Hallaig. Breakish is a 

massive limestone with bivalve layers; Ardnish a variable sandstone; Pabay, a fossiliferous shale with 

ironstone nodules, and Hallaig with characteristic Thalassinoides horizons.  

  The Tertiary dykes and sills of variable compositions (recognised by BGS as Central Igneous 

Complex) cut through or between beds of sedimentary units with a wide range of emplacement 

techniques and interactions with the country rock. 

  The limestones were folded into a gentle anticline before the intrusion of granitic to microgranitic 

Beinn an Dubhaich, which deformed and metamorphosed limestone to marble in an irregular 

metamorphic aureole. The intrusion emplacement changed dip of the sedimentary rocks, causing beds 

to increase in slope with increased proximity to the granite.  

  Faulting of older units had to occur sometime after the tertiary emplacement, as the faulted units 

contain tertiary sequences.   

   

1.3 Structure & Metamorphism  

 

  South of Kilchrist village, the formations Applecross, Stornoway, Eriboll and Central Igneous 

Complex outcrop irregularly within otherwise conformable Mesozoic deposits. This suggests 

emplacement by a fault sometime after the Tertiary granitic intrusion. The dip of these beds does not 

follow overall trend of the area, which is 150/40 SW (See Stereonet, appendix). The faulted 

formations are not synchronous and tend to be much older than all deposits in the area; their exposure 

is variable and limited without clear contact or features like slickensides to indicate faulting direction. 

  Eriboll, famously containing numerous deformational features, is homogenous and featureless within 

the sparse heavily eroded outcrops. Faulting, therefore, can be only inferred on basis of contacts and 

relative age of the deposits. The poor exposure prevents gaining insight into the contact relationships 

between the faulted units. With limited evidence, it is assumed that a reverse thrust fault moved older 

deposits in an apparent triangular wedge (see cross section Y-Y’). 

   It is arguable whenever the breccia-conglomerate, the base of Stornoway Formation, is associated 

with the faulting. Its clasts might appear angular due to post-depositional fault-induced brecciation of 

neighbouring formations. This would explain the presence of Durness and Eriboll clasts within the 

calcitic matrix. There is a possibility that Stornoway has been deposited in a low-energy short-lived 

fluvial environment with clasts originating from local outcrops, unrelated to later faulting (See 

Stornoway description).  

   Numerous igneous structures have led to area-wide patterns, most notably multi-pulse emplacement 

of Beinn an Dubhaich which folded the country rock and caused local metamorphism of country rock 

limestone into marble. 
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2.0 Sedimentary & carbonate rock descriptions  

 

Figure 2.0: Stratigraphic log of the mapped units  
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  This section will cover field descriptions and interpretation of all carbonate/clastic sediments within 

the area, going from the oldest to youngest, spanning from Cambrian to Jurassic (Fig.2.0).   

 

2.1 Applecross Sandstone 

 

   Applecross is red, cross-bedded sandstone with massive segments. It belongs to the Torridonian 

Formation. Applecross outcrops as irregular 1-2 m patches and as a heavily eroded 5 m tall 200 m 

wide wall (NG 6076318147- Map location a). The formation is named after type location, a NW 

Scottish peninsula (BGS Lexicon), directly above Skye. The Formation is 2 km thick (Steward, 1992), 

albeit only a fraction outcrops in the area with a presumed (unknown basal contact) thickness of ~200-

300 m.  

 The sharp unconformable lower contact with basal Lewisian Gneiss does not outcrop in the mapping 

area, while the top of the formation lies in an angular unconformity with Durness group which is also 

obscured.  

    Applecross is Neoproterozoic in age (Moorbath, 1969), estimated to be 1060 Ma (Rainbird, 2001) 

being the oldest sedimentary unit in Great Britain. 

 

   The formation is composed of either, massive medium-grained sands or cross-bedded ripples; 

composed of equigranular 250-300 μm sandstone. On average, the sands are 50% quartz, 40 % alkali 

feldspar, 8% plagioclase and 2% mud-sized detrital dark minerals.   

   The sands have little grain size variation, are rounded-to-subrounded with oxidised pyrite coating 

giving it a red colouration.  The bedded and laminated units have little thickness variation, 2-3 cm, 

and show some fining upwards. The cross beds reach 6 cm in size and show palaeocurrent trending 

NW-W. The poorly sorted massive units vary in width from 2-6 m and are rarely thicker than 1.5 m. 

The exposed wall (Loc a) has numerous minor, eastward running normal faults with a displacement of 

30-50 cm.  

 

   The crossbeds and massive infill suggest a fluvial system (Steward, 1992). The channel deposits 

have eroded into the bedded units with poorly to moderately sorted sandstone infill.  The lack of the 

scroll-deposits indicates that the river system was not meandering, which is appropriate, as it is a 

system which has formed before the appearance of established land plants. The grains are rounded 

and spherical (mature) indicating a long time spent in the abrading flow. Therefore, the mapped 

stratigraphy had to come from mid or later course of the river. Multiple channels of variable wideness 

next to each other suggest a channel switching system. Red pyrite coating is indicative of oxidising 

conditions.  

   According to Ilepi (2015), the red sheath indicates subaerial exposure, characteristic for channel-

abandonment deposits. Anomalously, channel deposits in areas outside the mapping area much wider 

(reaching 40-60 m) (BGS Lexicon). 

 

2.2 Eriboll Quartzite 

 

    Eriboll is a “falsely bedded” or cross-bedded, quartzite, which has been emplaced by a thrust 

action. The quartzite is poorly exposed, as 1-2 m singular patches without a clear indication of the 

nature of contact with neighbouring formations. The type locality is NG 160521823- location b. The 

name comes from eponymous Loch Eriboll, a Southern lake next to the Durness village (BGS 

Lexicon). The formation is ~100 m thick. With the distance between exposures of neighbouring 

formations being less than 10 m, it is reasonable to suspect an abrupt, sharp, angular contact with 

underlying Eriboll and breccias. The Eriboll is estimated to be Cambrian (Comely) in age (Brasier, 

1992). 

   Eriboll is usually associated with faulting, especially its upper division, Pipe rock, which is used in 

literature to uncover thrust direction.  

 

   The Formation is a metamorphosed quartz arenite, with traces of bedding and cross stratification. 

Grains are rounded and mature, with the composition of 97-99% quartz, 0-2% feldspar and dark 

detrital lithic grains topping the fining upwards 6-8 cm thick beds.  
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    Due to the extensive effect of the thrust, the palaeoenvironmental conditions are obscured and of 

little interest. The fractures preserved within the rock can indicate constraining palaeostress 

trajectories (Laubach, 2007), albeit evidence of such deformation does not occur in the mapped area.  

 

2.3 Ordovician Durness Group Limestones (Lonachan and Suardal) 

2.3.1. Lonachan 

 

  Lonachan is a part of the carbonate Durness group distinguished by 

grey chert nodules, which can sit discordantly between laminated 

beds or sit boudinaged within the beds (Fig.2.1).  The Formation 

outcrops numerously north to the granite intrusion, with largest 

concentration outcropping at the Leac nan Craobh (NG 1574318205- 

location c-d). The formation is recognised by the BGS and named 

after Loch Lonachan, which is located north of the mapping area. 

BGS splits its bedded dolostone into three different members; the 

divisions are ignored in this investigation, as the suggested sub-

groups are indistinguishable in the field.  

   The true thickness is not acquired, as the formation continues 

northwards not being encompassed by the investigated area, allowing 

for estimation of thickness above 250 m. Lonachan turns gradually 

into younger Strath Suardal, with massive limestone interbeds 

becoming more frequent and chert nodules changing colour to dark 

grey or brown, the contact is transitional. The granite that lies in 

direct contact with the formation causes contact metamorphism, 

which aureole spreads to over 400 m. The formation comes from the 

Ordovician division of Arenig (475 Ma) (Higgins, 1967). 

 

    Lonachan is a variable micritic limestone, dominated by laminated and massive beds, sandy 

interbeds and numerous white-grey chert nodules. There is no clear cyclicity in the entire unit. The 

beds vary in thickness from 2-20 mm. The units presenting measurable bedding contain tabular sandy 

beds with grain size varying from shale to pebble; these can be over 2 meters thick and are displayed 

in the carbonate log (A-B). The appearance of the bedded segments is irregular and laterally non-

continuous. The log taken at Leac nan Craobh coast (B) shows multiple fining upwards non-

calcareous sand beds, interrupted after 30 cm with a pebbly layer and a muddy horizon. 

  Other key features include the presence of mica, numerous segments with 3-5 cm thick boundstone 

texture, chert and 4 cm thick caliche layers. Moving southwards the chert nodules increase in 

percentage coverage from 10-20% to <50%.  

  There are rare quartz veins cutting parallel to the beds, which increase in numbers dependent on 

proximity to the location in relation to the key granitic intrusion. 

 

   The sandstone sequence (Log B) did not repeat, suggesting a singular event, such as a sandy delta 

switching to a carbonate lagoon for two depositional cycles. The mica present in all beds may have 

originated from a clastic poisoning event or climate-induced low carbonate factory production rate.  

 

 

 

 

 

Figure 2.1: Chert nodule within the 

laminated limestobe beds (nodule 

length 20 cm) 
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 2.3.2 Ben Suardal 

 

   A subdivision of the Durness group, 

unlike the Lonachan it is predominantly 

more massive with less frequent chert 

beds. The formation is exposed on Camas 

Malag coast (location f) and northern side 

of the valley (location g). The Formation 

is named after type locality NG 158349 

18832.  Ben Suardal is ~350 m thick. The 

lower contact with older Lonachan is 

assumed to be transitional due to a large 

amount of bed overlap; the upper contact 

is sharp, angular, with beds dipping at a 

considerably higher angle close to the 

contact unconformity with a much 

younger formation.  

   The Formation is chiefly composed of massive micritic limestone, with infrequent interbeds of <5 

cm thick mudstone and 2-10 cm thick interstitial calcrete layers. The present chert is lighter in 

colouration comparing to the prior member. There is a localised “soft sediment deformation” (Fig 

.2.2) (see Camas Malag). There is no bed dip change among the Durness members, suggesting 

deposition at a relatively similar time. The formation is assumed to be younger than Lonachan, albeit 

there are no younging indicators. 

 

   Caliche/calcrete layers form by soil leaching, which occurs at least 10 feet below the surface, close 

to the shoreline or a basinal setting that has undergone evaporation (Reeves, 1976). This indicates 

climate post-deposition being arid. Carbonate can only form in warm, calm, shallow settings with low 

detrital input, elevated shelf, and low turbulence waters. With lack of notable or numerous allochems, 

it can be assumed the deposition took place in a shallow, photic basin or mud-dominated lagoon that 

experienced periodical and long-lasting droughts (hence numerous calcrete horizons).  

   Whenever the beds become bedded or massive depends on the rate of calcite production and 

settling, which could vary seasonally.   

 

2.3.3 Effects of the igneous 

rocks on the limestone 

country rock 

 

  The Tertiary dykes crosscut 

the Durness beds in sharp, 

disconformable contact, 

usually dipping 

perpendicular to the main 

bed direction and at a much 

steeper angle (60-80
o
). The 

emplacement techniques 

also vary with the granite 

proximity, as shown in 

location NG 15853218751 

(Fig 2.3) the dyke is 

forcefully emplaced, resulting in local deformation of the beds. This might be due to proximity to the 

igneous centrepiece, which before extruding warmed up the sediments making them more ductile, 

this, in turn, allowed incoming tertiary dyke to truncate the nearby beds.  

   Most of the intrusions are passive and cut through the beds, energy introduction has a small effect 

on the limestone, in certain cases, there is localised marble formation. The dyke can also offshoot in 

Figure 2.2: Perturbations in bed thickness and shape, a soft 

sediment deformation. Square size 25x25 cm 

Figure 2.3: Forcefully emplaced dyke (pencil 8 cm for scale) 
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dendritic fashion into the sediment, the offshoots vary in size from few to 30 cm. Majority of dykes 

trend on the N-S axis. 

   The nearby granite causes contact metamorphism to the country rock which turns into marble (the 

aureole is 300 m thick in places), bedding and chert horizons are instantly obliterated in areas located 

the closest to the intrusion (i.e. All na Garbhian limestone area). 

 

2.3.4 Camas Malag Formation  

 

   Estimated to be Triassic in age (Nicholson, 1983), sitting underneath the Durness limestone, Camas 

Malag is a 3 m tall and over 15 m wide anomalous formation (key locality e, NG 158412 18546). The 

Formation is composed of irregular and truncated layers of very fine silt and calcite. According to 

Nicholson (1978), the rock is a result of post-depositional meteoric realm erosion associated with cave 

creation. The circular, varved pattern is similar to that of a stalactites or stalagmites. Dissolution by 

acidic water, which might have formed the cave, is seen in the “soft sediment deformation” in the 

overlying limestone beds (Fig 2.2). Other interpretations include pressure solution brought about by 

the granite (Longman, 1979), or folding caused by the sheet intrusion (Nicholson, 1985).  

 

2.4 Stornoway Paraconglomorate  

 

   The Stornoway Formation belongs to the New Red Sandstone family; only the basal member of the 

formation is exposed composed of fault breccias and/or paraconglomerate, supported by micrite with 

polymictic clasts.  

   The conglomerate outcrops as sets of irregular walls, ~1.5 m tall and less than 4 m wide; the type 

locality is a laterally extensive exposure by the path NG 16234217476 (loc h).  The formation is 

named after Isle of Lewis village (BGS Lexicon). The unconformable contact with the Durness group 

is fault-induced and poorly exposed, possibly angular and sharp; the upper contact could be either 

conformably and gradationally transitioning to the younger sandstone or lying in a sharp fault-induced 

unconformity. The Formation is 170 m thick and Early Triassic in age (Storetvedt, 1977).  

 

   The Stornoway is a 

micrite-supported 

polymictic fault breccia 

(Fig 2.4). The beds are 

distinguished by 

changes in the matrix 

composition, from 

micrite to medium-size 

sands or separated by a 

boundstone layer which 

is usually + 30 cm 

thick. The sandy layers 

are much thinner than 

the micritic (~20 cm) 

and usually accommodate smaller clasts. The matrix is taking up 30~60% of the bed. 

   The formation has a low diversity of extraformational clasts (Chart 1), from quartzite similar in 

composition to Eriboll with some clasts containing remnants of bedding; and limestone clasts 

containing chert nodules are similar to the local Durness group. All clasts are provinancial, save for 

chert, which comes from limestone matrix.  

   The clasts are angular and poorly sorted, set in a random orientation with a wide size range (Table 

1). With matrix change to fine/medium sandstone, the clasts become smaller and appear to be 

imbricate in NE direction.  

   Stornoway appears in areas only affected by faulting.  

  The paraconglomorates cannot be deposited in a sedimentary setting i.e. fluvial or marine flows, 

these usually originate from glacial till, debris flows or are post-depositional i.e. as fault breccias. It 

can be assumed that conglomerate found in the investigated area was a result of the synsedimentary 

4
.

7 
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faulting (Hesselbo, 2000) brought by the thrust, which explains the angularity and composition of 

clasts and its association with other faulted units.  

   Steel, 1975 assumes the angular clasts come from a marine mudflow setting, albeit, save for limited 

NE imbrication, there is no sufficient data to support this theory. 

 It is possible that chert-bearing limestone was deposited in Triassic before the other Mesozoic 

sediments (see Lusa), but later faulting has brecciated it and mixed with clasts coming from other 

faulted units.  

 

2.4.1 Lusa Limestone 

   A part of the Stornoway formation not affected by the brecciation, it is a massive featureless 

limestone. Only one small outcrop was found in the area. 

 

2.5 Broadford Sandstone (Ardnish, Hallaig, Breakish) 

    The Broadford Beds, deposited from Hettagian to Sinemurian of the Lower Jurassic (Oates, 1978), 

defined by the appearance of index fossil of ammonite Arnioceras semicostatum; sit on top of then-

submerged Durness limestones (Hesselbo, 2000), with palaeoenvironment varying from basinal to 

tidal.  

 

2.5.1 Breakish limestone is the oldest of the Jurassic lithologies, composed of peloid-micrite 

limestone with fossil-rich layers. The Formation outcrops south of the valley (NG 15959 81814, loc 

i), and in NG 16247 81619 (loc j).  It is named after eponymous village east to Broadford town. The 

Formation is 70 m thick, with upper contact being a fault-induced unconformity with Stornoway, and 

lower conformably transitioning to more sand-dominated variation. Hallam, 1959, and many 

following classified it as part of the Lower Broadford Beds. As the Formation was distinctively 

different (by boundstone texture and peloidal limestone), it is considered a separate unit. The 

deposition took place during Middle Hettangian, based on Liasicus Zone ammonites (Morton, 1999). 

    Breakish is a chiefly carbonate component of the Broadford beds, composed mainly of thinly 

bedded (0.5-2 cm) or massive limestone, defined by thin (4 cm) bivalve layers, which are flattened 

and compact. The 6 cm boundstone layers that take >50% of the formation. The limestone is muddy, 

composed of micrite (60%) or peloids and ooids (30%), with little permeability. The ripples stand at 

3-7 cm and trend N-NW. The formation has clastic beds with a grain size of >250 μm. 

 

    The beds were deposited in a productive, and moderately agitated environment (hence the presence 

of unidirectional ripples and ooids), with carbonate factory productivity varying with water depth. The 

formation must lie within the storm level base, resulting in compact bivalve layers occurring at the 

irregular intervals. 

 

2.5.2 Ardnish sandstone is a medium-grained succession distinguished by 1 m thick Gryphaea 

acruata horizons occupying massive beds. The formation is named after local eponymous peninsula 

(BGS Lexicon) located south off the coast; they key localities include NG 16155 81607 (log 2) and 

NG 15871 81752 (log 3) (locations m, n, k). This formation has an estimated thickness of 250 m. The 

lower boundary limestone lies in a conformable transitional contact, the upper contact with mudstones 

is planar (110/24SW) and conformable. The Formation spans from Upper Hettangian to Lower 

Sinemurian as evidenced by the semiconstatum ammonites (Hallam, 1858).  

    The formation is composed of medium-grained sandstone with silty/micaceous interbeds (Fig 2.6). 

Table 2: Gryphaea size a) Loch Slapin     b) Loch Eishort 
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The beds are highly variable, with a base composed of massive sandstone with preferred-orientation 

G. arcuata and interbedded boundstone layers, while the upper boundary contains limestone and shale 

interbeds with pyritized fossil remains.  

 

  The sands are on average +50% quartz, 30% feldspar, 20% mica with detrital matter; and vary from 

subrounded to rounded. The subrounded grains are usually associated with the cross beds (3-8 cm). 

   The formation is younging southwards, with the oldest facies series being composed of 1-2 m 

limestone with boundstone texture, and massive 40 cm to 150 cm sand beds with 70-80% Gryphaea 

coverage (Logs F-H) with the preferred orientation. The Gryphaea beds are flanked by well-bedded 

fissile 70 cm mudstones. 

   Mid sequence (Logs C-E, I) the fossil abundance decreases and is replaced by cross-bedded calcite-

rich beds with pink colouration. The facies change at the top of the formation (Loch Eishort facing 

outcrops), Gryphaea becomes less prominent, replaced with medium-coarse beds, with occasional 

storm horizons marked by the disappearance of bedding and fragmented 6 cm bivalve shells layer. 

There are cross beds trending NE (Fig 2.5) (same direction as that indicated by the preferred 

orientation of shells).  

   The shale interbeds contain occasional bivalve (i.e. Liostrea) or ammonite fossils that occur outside 

of the Gryphaea beds, paired with pyrite-recrystallized fossil fragments.  

   The Gryphaea shell orientation is highly variable, with the preferred SW-NE orientation of shells at 

the exposures corresponding to Loch Slapin, and lack of preferred orientation within Loch Eishort. 

The G. acruata specimens do not change considerably in size throughout the formation (consult the 

histogram, table 2). 

 

   The fossil assemblage and presence of pyrite sands with cross-beds may indicate a coastal 

environment i.e. delta or shoreline. The immature sand deposits have to come from a fluvial source, 

while the rounded sediments must originate from back-front movement induced by the oscillatory 

flow in the coastal setting.  

   The coarse fining upwards beds may be indicative of a mouth environment, in which heaviest 

sediments settle close to the energy-losing mouth with lighter material coming out of suspension.  

    Sudden changes from laminated mud to sandy cross-beds could be attributed to the small eustatic 

sea-level fluctuations (Hallam, 1981). Evolution of facies from Gryphaea beds, to asymmetrical 

ripples to coarse beds, indicates either increasing coastal proximity or a slow sea level fall. 

Figure 2.5: Cross beds of Ardnish sandstone (bar 12 cm) 
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Figure 2.6: Ardnish section with 10 cm scale bar, yellow beds, blue limestone layers, orange shells 
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Logs 2: Ardnish 
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2.5.3 Pabay Shale Formation 

 

   Pabay Shale Formation is composed of 

repeating, thinly bedded mudstone/siltstone 

layers with numerous concretions and 

ironstone horizons, rich in articulated 

ammonites and bivalves. Pabay is 

outcropping sparsely in-land, the cliffs and a 

coastal session, on the other hand, shows 

laterally continuous beds (loc p) (type 

locality NG 15886 81723). Pabay, 

previously called Pabba, is a small island 

located off the Skye coast (BGS Lexicon). 

The formation is over 200 m thick. Its upper 

contact with Hallaig is sharp planar and faulted, while lower boundary with 

Ardnish is 110/24 SW gradational, and marked with the disappearance of 

major sandy interbeds and cross stratification. Like previous formations, 

many classify Pabay as a constituent of the Broadford beds. Pabay varies in 

age from Sinemurian to Pliensbachian, based on the zone fossil ammonites 

(Spath, 1922), albeit only the lower section is in the area.  

  The formation is homogenous, composed of repeating fining upwards 

sequences of beds, which are tabular and 1-3 cm thick. The beds are 

micaceous, with grain size no larger than that of mud. The fossil abundance 

is of 10-20%, composed of articulated bivalves and ammonites set in a 

random orientation. The ammonites vary in size from 3-20 cm. Other 

skeletal fragments are pyritized (Fig 2.7), eradicating any details associated 

with the original fossil.  

The fossils not replaced by pyrite are found in large spherical concretions, 

which can be composed of carbonate or mud. The concretions vary in size 

from 5 cm to 40 cm and sometimes contain oxidised iron.  

 The ironstone layer is composed of Fe-rich nodules with an aureole of 

oxidised iron; core varies from green to red depending on the exposure 

duration. The iron stone nodules can reach 20 cm, and appear as horizons 

sitting between the fissile shale.  

 

  The sea level fluctuations did not affect this formation, as the presence of 

homogenous mudstones suggests unchanging depositional environment, calm, 

possibly anoxic (no bioturbation), with current-carried pelagic marine fauna: 

ammonites and bivalves. The mudstones were deposited in calm, deep marine 

basin. The presence of mica supports the distal influx of terrestrial sediment 

i.e. rivers.  

 

Log 3: NG 160524815790 

Hallaig. Tube =trace fossil 

 

 

 

 

 

 

 

 

 

 

    DYKE 

 

 

 

 

 

 

 

Figure 2.7: Pyritized ammonite, scale 13 

cm 

30 cm 
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2.5.4 Hallaig Sandstone is the youngest sub-unit of the Mesozoic 

sandstone, characterised by numerous massive interbeds with 

pervasive horizontal feeding burrows filled with calcareous mud. The 

formation outcrops partially on the far southern coastal peninsula, on 

unnamed headland associated with Allt na Feadan runoff (Loc q NG 

160524815790). The Formation was introduced by Seal (1992) and 

named after a location in Raasay; BGS integrates it as part of the 

Broadford beds; which is arguable, for it is clearly distinguishable in 

the field for the outstanding amount of bioturbated beds. The 

formation is less than 30 m thick. Due to almost horizontal bedding, 

some might assume that the beds form a fold with Pabay, albeit, this 

effect may be due to very insignificant dip. The formation is 

Hettangian in age (Morton, 1999). 

   The entire Formation is composed of semi-cyclical mudstone and 

sandstone layers. The mud is micaceous and fossiliferous with 

numerous pyrite nodules, all thinly laminated and fissile (Log 3).  The grain size varies from 250 μm 

to 335 μm. The beds vary in thickness from 2-6 cm, showing cross beds and symmetrical ripples.  

 

   The exposure starts with hummocky ripples that peak at the crest to 2 cm with a width of 3 cm. A 

few centimetres higher NW-SE (Fig 2.8) symmetrical ripples appear. The wavelength is 7.5 cm, with 

amplitude 0.5 cm; above these lie the ichnofacies.  

   The horizontal feeding traces, thalassinoides, appear within the bedded sands (Log 3), varying in 

coverage from 20 to 70%. The burrows are filled with calcrete or mud, with internal concentric layers.   

The burrows on average are 2.2 cm thick, 13.7 cm long and have a radius of 3.8 cm.  

 

The initial preferred orientation of the burrows is NW-SE, changing in overlying beds to SW-NE 

(with over 78% of burrows trending in this direction. There is an irregular post-depositional caliche 

which is never thicker than 20 cm and rims the massive muddy intervals.  

   As seen in Log 3 most of the formation is composed of thinly laminated (4 mm max) beds that 

contain dark (3-5 cm) pyritized fossil fragments. The occasional gastropod and ammonite fossil, while 

non-fragmented, are very sparse. The trace fossils and ripples indicate younging northwards. 

 

 Changing in the burrowing orientation may be indicative of fluctuating current directions at relatively 

short time periods (i.e. monthly or annually). 

 The sea level fluctuations are recorded in the changing ripple geometry. The sequence starts with a 

hummocky surface, formed by a notable wave action offshore, which has lifted the sand with the 

wave-induced energy, followed by settling out of suspension and moving by the oscillation-induced 

tractive flow. High wave energy erodes previously deposited irregular seabed and deposits it into 

random hummocks and swales. Following that are symmetrical and asymmetrical ripples, 

transitioning from oscillatory to unidirectional flow with proximity to the coast. The symmetrical 

ripples present a proof of oscillatory current going NW-SE, indicating shoreline stretching from NE to 

SW, while the asymmetrical ripples indicate waves trending to coast located northwards. Caliche 

layers are associated with exposure-induced soil leaching. 

 

2.5.5 Broadford contact relationships with igneous complexes  

 

  The sandstone reacts to the tertiary igneous intrusions similarly as the Durness group. In certain 

areas, the beds are vitrified by the heat and eroded away leaving 10 cm gap between the mud and 

igneous intrusion; or discordantly cut through the bedding with a sharp angular contact. The Central 

Igneous Complex and associated sills sit in conformity or semi-conformity without any noticeable dip 

change or displacement of the country rock. 

 

 

 

Figure 2.8:  Rose diagram based on Hallaig 

symmetrical ripples showing its NW-SE 

ripple trend 
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2.6 Palaeoecology of Early Jurassic sub-tropical Tethys Coast  

2.6.1 On the Broadford Fossils 

 

 Thalassinoides are remnants of the epifaunal feeders, which 

have inhabited a wide range of aquatic settings: from deep 

marine to tidal (Bromley, 1974). As the ichnofossil beds are 

synchronous with hummocky cross-strata, they have to originate 

from shelf set at a storm-wave base. The burrows do not bifurcate 

and have a smooth outline with ellipsoidal limestone infill. The 

burrows are accompanied by a heavily pyritized fossil fragments, 

representing reducing sulphur-rich environment with a high 

amount of dissolved active iron, these environments are usually 

associated with low oxygen levels. The burrows must have been 

created before the anoxic period, suggesting that oxygen levels 

had to fluctuate during the time of deposition. Reasons for 

oxygen level fluctuation might be due to seasonal algal blooms or 

lack of oxygenated deep-sea currents. Further chemical analyses 

are required to make the distinction, such as gas chromatography 

scan of sediments for sapropel, indicative of blooming conditions 

(Boon, 1979). The pyrite nodules with a cylindrical shape 

originate from ammonites; tubular nodules might have belonged 

to belemnites. The larger oblate object could have belonged to 

other skeletal fragments such as parts of ichthyosaurus; which 

jaw and teeth were found in the area (Brusatte, 2015). Fossils that 

are not recrystallized are composed of calcium.  

   

   The ammonites are sparse but articulated, some can reach 50 

cm in size. The species found vary from Schlotheimia angulata 

marking lower Hettangian (Morton, 1999) (Fig 2.11), and 

Arnioceras semicostatum. The shales are rich in unidentified 

articulated gastropods and bivalves (Fig 2.12), such as Liostrea 

multiformis, an epifaunal benthic feeder. Best three-dimensional 

preservation occurs within mudstone concretions or within 

Gryphaea horizons (Fig 2.9-10). Most fossils lack original lustre 

or preservation of any internal soft body tissue, dissimilar to 

deposits coming from the similar period and setting such as 

Dorset Jurassic Coast.  

  The Gryphaea fossils are most common in the area (Fig 2.10), 

occurring in massive beds above the rippled sandstone. Most of 

the fossils remain in life position (valve-down) but are missing 

upper shells by process of winnowing (Benton, 1995), indicating 

increasing energy post-deposition. The good preservation could 

have been gained by a local slope failure and a rapid burial by 

light sediments. 

   The water current direction can be deduced from the preferred 

orientation of Gryphaea shells, which are placed SE-NW. The 

most streamline direction is preferred for these filter feeders 

resulting in these animals lying parallel to the current.  

  A dinosaur fossil was found within Ardnish, a disarticulated 

right tibia of ceratosaur Dilophosaurus (Benton, 1995), possibly 

carried from land by tidal wave action, river, or dragged by a 

marine carnivore.    

From up to down, fossils collected (2.9-2.12) Gryphaea from Ardnish; 

Gryphaea in situ (8 cm compasses for scale); ammonite Semicostatum from 

Pabay; Liostrea bivalve from Pabay. 
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Figure 2.13: Simplified palaeoenvironment – reconstruction  

 

2.6.2 PALAEOECOLOGY OF THE COASTAL EARLY JURASSIC (Fig 2.9) 

   

  Breakish, Ardnish and Pabay were deposited in a wide gallery of environments filling the 

extensional Hebridean basin. The deposits belonged to a shallow, energetic waterways connecting 

Tethys to Boreal ocean (Hesselbo, 2000). The fluctuation between equatorial and polar waters 

resulted in major sea-level fluctuations, resulting in sea depth changes. 

   The lithology is predominantly composed of calm marine basin deposits, represented by thinly 

laminated micaceous mudstones. The mudstones were deposited by calm settling of grains from 

suspension, with some clastic input represented by the presence of aluminous silicates originating 

from terrestrial eroded gneisses (Craig, 1983); and an occasional articulated fossil of an ammonite or 

bivalve, which could have been brought about by tidal current or settling to the seabed after death. 

The shoreline spanned E-W to the north of the map. No turbidity sequences suggests that, while the 

sea level might have been high, it was set a distance from the continental slope.  

  Moving distally from the coast begins bacterial sulphate reduction zone with a high concentration of 

dissolved irons, manifesting in the record with heavily recrystallized pyrite fossils.  

  There are occasional beds with increased carbonate amount; the calcium supply could have 

originated from carbonate-factory shoreward, represented by Breakish deposits and limestone 

intervals in Ardnish. Formation of calcite requires warm, shallow and calm conditions; localised, 

separated lagoons could have dotted coastal lines of the investigated area, and occasionally breached 

releasing calcium into surrounding formations. Breaching and mixing might have occurred during the 

storm, which explains the presence of compressed bivalve layers with calcium intervals.  

   Ardnish and Hallaig are the most fossiliferous units and record the sea level fluctuations: with the 

evolution of rippled sandstones (low sea level) to laminated mud beds (deep sea level) (Fig 2.13).  

 One displaced slab of Ardnish contains imprints of bristle-like structures initially interpreted as land-

derived foliage i.e. cycadeoid, upon revision the imprints might have belonged to teeth of a marine 

carnivore Ichthyosaurus communis, which jaw remains were found in numerous locations within the 

mapping area (Brusatte, 2015) indicating deeper waters.  
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3.0 IGNEOUS ROCKS 

 

 The igneous features were emplaced throughout 63-52 Ma of the Tertiary period, based on the Rb-Sr 

and Ar-Ar dating (Mussett, 1988). A recent study has suggested that the Tertiary igneous activity was 

stimulated by a meteorite impact (Drake, 2017) as displayed by meteoric ejecta layer located less than 

2 km from the investigated area. The ejecta contained vanadium-rich osbornite which is exclusive to 

comets, and high-pressure zircon reidite, which occurs naturally at meteorite impact sites.  

 

3.1 Basaltic Dyke 

 The rhythmically layered, basaltic dyke has two 

distinguishable sections: lower containing peridotite 

phenocrysts and upper, feldspar. The igneous rock is 

outcropping irregularly as heavily eroded patches on 

marshes of NG 15974 85798, cliff face of NG 16098 

81565 and sections surrounding Loch Fada (loc r). 

   It is the oldest igneous formation in the area, sitting 

beneath the Gabbroic Sill and Central Igneous Complex. 

The thickness of the dyke is questionable, while the 

wideness changes irregularly over the area. The 

formation is in direct contact with the Central Igneous 

Complex, the contact is sharp and planar, no clear 

reaction or interfingering is observed between the two 

bodies. The contact with the sandstone country rock is 

lobate, intrusive and discordant. 

  The dyke is layered with two distinguishable sections, 

upper plagioclase (Fig 3.0) and lower olivine. There is 

regular 30 cm rhythmic layering going throughout the formation with mafic and felsic bands.  

  First to crystallise are the phenocrysts, the growth was slow leading to the formation of large 

euhedral crystals. Symbolising later fast in-situ (Parslow, 1976) cooling phase is the matrix composed 

of fine-grained mafic minerals (decussate fine-grained pyroxenes). The magma has evolved with an 

ascent from the olivine to feldspars.  

 

3.2 Gabbroic Sill  

 

   A uniform, unchanging gabbroic sill, found underneath the granitic 

Central Igneous Complex (NG 15952 81619, loc t). The unit lies in 

conformity with the younger igneous complex and the sedimentary 

country rock. The contact is sharp, planar and does not have a 

significant impact on the neighbouring formations. The sill has an 

unchanging thickness and variable width, 3-10 m; it erodes similarly to 

other mafic dykes in the area. 

   The sill is composed of 1-2 mm mesocratic, subhedral, equigranular 

crystals (30% Ca plagioclase, 65% olivine and 5% quartz) (Fig 3.1). 

The texture is seriate.  

  The gabbro is a proof that the crystal differentiation occurred while 

the magma was rising. The magmatic fractionation series starts with 

gabbro and olivine, turning to syenite, followed by fayalite-containing 

granite (Bowden, 1978), these are then followed by subsolidus 

reactions in which granite gains biotite (Bonin, 1985), as seen in 

younger overlying Central Igneous Complex.  

 

 

 

 

Figure 3.0: Mesocratic lower sill with plagioclase 

phenocrysts in fine grained mafic matrix (3 mm), 

with 20% plagioclase (tabular, euhedral, sometimes 

with poikilitic texture) 90% matrix. 

Figure 3.1: Hand sample of the 

gabbro 
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3.3 Central Igneous Complex (CIC) 

   

    The 1 km wide Tertiary sill has a gradually changing chemistry, evolving eastwards from 

microgranite to granite. The sill environs Loch Leoid (NG 159897 816325) and the surrounding 

marshes (loc u), its numerous faulted blocks occupy uplifted hills east from Beinn Bhuidhe. The 

contact with country rock is sharp, planar and sits in semi-conformity with sandstone beds as a sill. 

Most of the intrusion sits on chemically dissimilar thinner gabbroic sill. 

   The complex is over 50 m thick and over 3 km wide; crosscut by dykes in a sharp, intrusive fashion, 

without noticeable features at the contact. The intrusion does not cause changes in the country rock 

dip or create a significant chilled margin or metamorphic aureole. There are no major veins and 

xenoliths, suggesting emplacement without magmatic stoping.  

   The centre of the complex is leucocratic dominated by varying ratio of 1-2 mm tabular feldspar 

phenocrysts in white groundmass, with some anhedral quartz and to a lesser degree some fine-grained 

mafic crystals. While the chemistry varies, on average the granite is 50% K-feldspar, 40% granite, 

10% pyroxene. The faulted intrusions located eastwards are more granitic, texturally similar to the 

other major granitic body in the area, Beinn an Dubhaich.  

   Skye granites are anomalously depleted in O
18 

(Taylor, 1968), which indicates the source of granitic 

melt being of the Torridonian arkoses, this explains their close spatial proximity infield; as a counter-

argument, the Torridonian sediments are not integrated with the crust which was the source of melt 

(maybe chemical compounds were mixed and assimilated with magma rising?). The felsic magma 

met mafic magma from the prior crustal melt, which resulted in density-based segregation: gabbros 

forming a lower sill, and granites, upper, becoming lighter and more leucocratic towards the middle. 

The remaining basalt in the reservoir served as a heat source for the later granites and surfaced at the 

later stages creating the crosscutting dykes. The lead and strontium isotope ratios support the basalt 

contamination theory. The gabbro-granite relationship with the younger sill suggests an A-type 

granite (Pitcher, 1997), associated with extensional basins and orogenic events (a post-Caledonian 

residue?). 

 
Figure 3.2 A mafic dyke semi-concordantly cutting into the Pabay Shale at Location q. Scale bar 1.5 m 

3.4 Tertiary Dyke  

 

  The area has over 50 dykes of various lengths cutting the country rock (notable loc o, v). The grain 

size and composition varies between the dykes. There are two distinguishable types: granitic and 

basaltic.  

  The granitic dykes are much less common (5% of all dykes). These are older than mafic due to their 

crosscutting relationship, are shorter and thicker (3 m) with a globular erosion pattern. 

  Mafic dykes outcrop throughout the entire mapping area and act as sills (Fig 3.2) or are discordant. 

An average dyke is 2 m thick and 4 m long, trending on the N-S axis dipping over 60
o
; many dykes lie 
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parallel to the faulting pattern of the East. The dyke dip and truncation can be attributed to the 

intrusion of Beinn an Dubhaich granite (Longman, 1979).  

  The mafic dykes can be distinguished in the field from a tabular erosion pattern and bell heather 

Erica cinerea growing on the unexposed surface. While older dykes are described as being layered 

(Parslow, 1976), hand samples from the top and the bottom of the majority of the dykes are 

interchangeable on a macroscopic level. 

   The contact boundary of each dyke is variable (see 2.3.3 and 2.5.5). 

 

3.5 Beinn an Dubhaich (BaD) 

 

   Beinn an Dubhaich is a medium to coarse-grained granite, evolving from syenite to microgranite, 

emplaced 53.5 Ma (Mussett, 1988). The granite on average contains 55% quartz and 40% alkali 

feldspar, with acicular pyroxene. The intrusion sits in the centrepiece of the mapping area (loc y-x), 

being ~4 km long and 1.5 km wide, with unknown depth. The granite is in direct contact with 

neighbouring country rock, Durness limestone, which is cut unconformably with lobate and 

interfingering contact. 

   It is the most studied minor intrusion in Great Britain, with series of numerous disagreements 

regarding its emplacement. Based on the behaviour of the country rock the granite must have been 

forcefully emplaced. The limestone closest to the granite dips away from the intrusion by 80
o
, this 

steepness decreases with distance from the intrusion, being almost horizontal at the Hallaig 

Formation. 

 

 While the grain size and chemistry change within the intrusion, the changes are non-linear and 

random. This might indicate magma mixing and possibility of multiple intrusions, intruding 

separately or together at different rates. 

   The intrusion had to be emplaced while still hot, leading to formation irregular metamorphic aureole 

turning limestone to marble. The formation lacks xenoliths, clear layering, but has some quartz 

veining around the contact (See Mini Project for in-depth analysis).  

   The granite cuts all dykes with sharp linear contact, but it does not affect their apparent dips, 

making it the youngest igneous structure on the map. 
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4.0 MINI PROJECT- On the multi-pulse intrusion of Beinn an Dubhaich and its effect on 

country rock 

 

  The emplacement style of the major granitic feature, Beinn an Dubhaich, is still a source of debate. 

King (1960) suggests that the granite was introduced by the Torridonian-Cambrian thrust plane; and 

argues it could not have been emplaced by stoping, as it lacks limestone xenoliths. If such unit was 

emplaced by thrust the deformation would have been more profound in the area, also the country rock 

metamorphism would not have occurred on the observable scale. Therefore, emplacement by thrust is 

highly unlikely. 

   The granite cannot be a sill, as contact with the country rock is discordant and abrupt. The Bouguer 

anomalies show granite having a complex lobate intrusion pattern underneath the limestone, 

manifesting on the surface as the irregular formation of marble (Hoersch, 1979). A reassessment of 

this study by Goulty (1996) disproved this by correlating the tertiary dykes to the anomaly pattern. 

Their anomaly had shown that the granite was a 1 km-deep funnel.  Suggesting, the granite had to 

intrude via means of ballooning or stoping (Raybould, 1973), with the intrusion summit xenoliths and 

calcium traces being eroded during the last glacial activity. 

 

  The frequent chemical and textural changes indicate much more complex intrusion pattern rather 

than a single-origin, homogenous slow-rising plume. To assess how many impulses created the 

intrusion, thin-sections and hand samples from W-E axis of the intrusion were collected and compared 

to the country rock deformation.  

 

Thin sections (Fig 3.3-3.5) 

Thin section:  

A) NG 15833 19410 

Phaneritic texture with variable grain size, some round anhedral quartz 0.5 mm, largest plagioclase 

(subhedral) reaches 3 mm. 40% of the sample is composed of lobate quartz, that quartz is in a 

poikilitic relationship with plagioclase (50% of the thin section). Feldspars are altered resulting in 

much of the twinning being obscured by perthite. The remaining percentage is the anhedral interstitial 

biotite with altered chlorite rims, subhedral augite crystals. 

 

Thin section: 

B) NG 15804 19689 

The grain size remains variable, but the range is reduced with most being 1-2 mm. The texture 

remains lobate and granular, albeit poikilitic relationships are lost. Quartz is most variable with its 

grain size, anhedral and composing 30% of the sample, it features undulose extinction, a sign of 

deformation and strain, unseen in the previous sample. Feldspars dominate the slide with 65%. Biotite 

with rim alternation to chlorite is anhedral and rarely larger than 2 mm. Hornblende, also present in 

lower quantities, euhedral with preserved 120
o
 cleavage. 

 

3 mm 

Figure 3.3-3.5 (A, B, C): Thin section of the granite, scale bar 3 mm 
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Thin section 

C) NG 159118 19379 

In texture, very similar to sample B, with an average grain size of 1 mm. The poikilitic texture returns 

in quartz/feldspars but to a lesser degree. This sample has the most planar contacts. 55% of the sample 

is composed of anhedral quartz, with sweeping undulose extinction and fluid vesicles. Remaining 

40% belongs to feldspar, which has perthite. 

 
Figure3.6-3.8 (D, E, F): Hand sample textures of the granite 

 

 Hand samples (3.6-3.8) 

 Hand sample: 

D) NG 159211 19590 

Porphyritic with fine-grained felsic matrix making up 70% of the sample and phenocrysts 1 mm 

anhedral quartz and orange-pink K-feldspar with less than 10% of mafic hornblende. The sample has 

orange colouration and eroded surface suggesting Fe-enrichment.  

 

 Hand sample:  

E) NG 15997 19443 

Phaneritic 1-4 mm, 90% felsic (with 20% quartz, anhedral and 40% 2-3 mm and salmon coloured K-

feldspar 3-4 mm, 40% plagioclase) 10% mafic, >1 mm hornblende.  

 

 Hand sample:  

F) NG 16215 20261 

Porphyritic with 0.2 mm felsic matrix and phenocrysts of 1-1.5 mm 30% quartz and 70% plagioclase. 

 

Figure 3.9: Granite intrusion with red strike/dip, yellow lines suggest locations of the  separate pulsed intrusions 
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  Most of the Beinn an Dubhaich is composed of 3 mm coarse leucocratic granite, with Fe enriched 

centre, hence the red/orange colouration. The granite at its base is medium grained, with anhedral 

quartz and pasty, fine-grained white feldspar groundmass and acicular pyroxenes set in a preferred 

orientation. Presence of fine-grained material and coarse phenocrysts suggest multi-stage cooling 

periods. 300 m eastwards towards the summit the amount of feldspar matrix and pyroxene size 

increases to 3 mm, the crystals become more anhedral and random, close to the intrusion summit the 

grain size decreases and turns light orange, dominated by alkali feldspars which are tabular and 

euhedral. Granite turns from fully felsic and leucocratic microgranite to mesocratic syenite. Going 

further east grain size increases drastically, from 2 to 4-5 mm, the texture becomes equigranular and 

chemistry changes to the quartz-feldspar mixture without the fine-grained matrix. 

  The appearance and disappearance of mineral types and the grain size and matrix changes are non-

linear and random across the formation.  

 

  The deformation after crystallisation is recorded by undulose extinction in the quartz crystals. The 

thin section B and C display undulose extinction, while the intermediate sample A, does not, 

suggesting localised areas of increased strain. Both B and C are found close to the granite edge, so the 

deformation might have been associated with country rock contact. All samples were altered, most 

notable being the formation of chlorite, which might have formed due to hydrothermal reaction or 

contact metamorphism.  

  The variable folding of the country rock associated with granite proximity, might suggest that not 

one single felsic pulse rose up, but a multitude of different plumes climbing up at different time 

intervals or rates (Fig 3.9), as shown by non-homogenous deformation distribution and chemical 

makeup (and so possible origin) with different cooling patterns as displayed by grain size, shape and 

matrix appearance. To carry this notion furthermore, thin sections have to be collected and compared 

to see if there is a localised pattern correlating to associated deformation.  
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5.0 Economic geology  

 

5.1 Marble Quarrying  

 

  The heavily metamorphosed limestone created large amounts of economically viable marble, which 

used to be excavated in the area. The marble quarrying started in 1907, with ruins of quarrying huts, 

drainage trenches and dolomite reject piles remaining in the area. These once belonged to the Skye 

Marble Railway, located in the abandoned village of Kilchrist.  

   The collected marbles contained forsterite, serpentine, and magnesian silicates (Bailey, 1913). The 

magnesian enrichment made it a valuable product regionally, due to the requirement of agricultural 

lime, which reduced soil acidity. Marble quarrying moved westwards towards Torrin with first quarry 

opening in 1951. Currently, the area has one active quarry, opened in 1970 and is operated by Leiths 

ltd. Marble is used as aggregate, cladding, concrete and locally sold trinkets. Numerous crosscutting 

mafic dykes make excavation works harder. Additionally, the marble has to be processed due to the 

impurities. Currently, there are 827,000 tons of reserves of the material.  

 

5.2 Peat  

 

  The extensive glacial coverage, granite leaching and porous soil make ideal conditions for the mass 

creation of peat. The Skye peat was created 1200 years ago during the last ice age. The peat layer is 1 

m thick in the central bogs of the mapping area. It is still actively cut out of the ground and used 

locally as combustible material (Fig 5.2).  

 

 5.3 Building materials  

 

  Kilchrist and Boreraig, the abandoned settlements, both crafted from locally quarried rocks. Boreraig 

was created around 1823, while Kilchrist and its landmark church date back to 1505. Despite the time 

gap, Kilchrist is more robust and used more sophisticated building materials. Boreraig (based on 

medium-sized household and a rock fence (Fig 5.1)) was chiefly composed of Ardnish sandstone, on 

which the settlement sits; other major components include dyke and Pabay shale, which are present in 

close proximity to the settlement. What is peculiar is the presence of Eriboll and Stornoway, as these 

are located almost 1 km away from the structures and are poorly exposed. 

 Kilchrist (based on one preserved household (5.2)) has a lower range of building materials, limited 

usually within neighbouring reaches: composed of limestone and dykes, with impermeable latter used 

for roof support.   

 

 

 

Figure 4: 

5.0 A section of 

Boreraig household 

 (1 m bar for scale) 

5.1 Kilchrist house ruins 

(1 m bar, red outline on 

predominantly mafic 

bricks)  

5.2 Peat (1 m thick red 

outline of the outcrop) 

5.3 Glacial lake (Loch 

an Leoid), note the U 

shaped valley in 

distance.  
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6.0 Geomorphology  

 

  Much of the mapping area is covered in leached soils, peaty podzols, some peaty gleys, and selected 

areas with organic peat soils. Peat formed during the last ice age (see economic geology). Much of the 

organic peat soils formed above Mesozoic mudstone and sandstone, while peaty podzols and 

oversaturated soil formed above the less permeable Tertiary granite. Less than 20% of the mapping 

area is composed of forested area with broad-leaved trees (Fig 6.0).  

 The surface is currently being eroded by active or ephemeral river systems, some of which originate 

from footpath erosion. Most of the established river systems have a rocky bed. The waterfalls form 

gorges cutting into the mobile cliff faces. The cliffs are being continuously eroded and slowly are 

retreating inland. The tidal areas are composed of rounded pebbles, boulders, gravel and rock face 

with algal growth.  

 The large boulders of granite are found within the limestone deposits, these might be part of glacial 

debris and erosion. Glacial retreat has left lakes located on Central Igneous Complex, such as Loch an 

Leoid and other numerous, smaller, established water bodies (Fig 5.3). These water bodies are 

surrounded by floodplains. The surrounding topography is composed of numerous, glacially carved 

U-shaped valleys.   

 

 
Figure 6: Surface-processes map of the area, key included 
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7.0 Geological history 

1070 Ma- Neoproterozoic  

Applecross sandstone of the old Red Sandstone group is deposited in an arid terrestrial setting by a 

migrating fluvial system. Applecross is deformed by the Moine thrust sometime between 1000-550 

Ma, being incorporated into a formation known collectively as Lewisian Complex acting as a base for 

all younger Skye sediments. 

519 Ma- Comley (Cambrian)  

Eriboll quartzite is deposited in an unknown environment.  

      480 Ma- Arenig (Ordovician) 

The Durness limestone (Loachnan and Ben Suardal) is deposited in a calm, shallow marine lagoon set 

in an arid equatorial setting, as displayed by the calcrete. 

After its deposition, the meteoric water seepage carves in a cave system (Camas Malag formation). 

Faulting and lack of deposition continued up to the mid-Mesozoic.  

     250 Ma- Triassic   

The extensional Hebridean Basin allowed deposition of limestone sequences such as Stornoway. The 

climate at the time of deposition was still equatorial.   

    201 Ma- Hettangian (Jurassic) 

Limestone is continuously deposited in numerous shallow lagoons susceptible to the storm activity 

(Breakish). There are numerous cases of autochthonous algal deposits (boundstone texture) compared 

to nodule enclosed allochthonous fossils. The limestone is transitioning with time to an energetic 

coastal section (Ardnish sandstone) with biodiverse fauna composed of ammonites, gastropods, 

bivalves, and horizons of large Gryphaea arcuata. G. arcuata experienced wining after death, 

possibly due to storm-induced increased energy levels. The calcite from lagoons mixed with saline 

water, while nearby delta systems deposited immature angular sediment with mica. 

    190 Ma- Sinemurian (Jurassic) 
The sea level gradually increased with deposition of laminated mudstones (Pabay), the environment 

was much calmer and saturated with dissolved irons and sulphur, which manifested in heavy 

pyritization of the free-floating fauna.  

The sea level dropped rapidly to swash zone of a wave-dominated beach, with oxidised environment 

catering for burrowing animals leaving thalassinoides ichnofacies (Hallaig). No deposition post-

Mesozoic.  

   66 – 23 Ma Paleogene 

Numerous variable igneous features have been emplaced. The first igneous formations to appear are 

the mafic dykes that cut through the sandstone and limestone. Following the dykes is a Gabbro sill 

emplaced between beds of Pabay.  

First major intrusion is the Central Igneous Complex emplaced atop of the Gabbroic sill.  

The second wave of the mafic dykes intrudes the pre-deposited sills.  

The last igneous formation to be emplacement is that of multi-pulse granitic intrusion, Beinn an 

Dubhaich, which has changed the bed dip and direction of Ordovician/Mesozoic sediments and 

created marble.  

A major thrust has occurred sometime after igneous intrusions. The thrust introduced fluvial 

sandstone Applecross, Eriboll Quartzite and has faulted and displaced the Central Igneous Complex; 

the fault action has caused brecciation within the pre-deposited Stornoway.  

   110000 -11700 Ya Quaternary  

The retreating glaciers have led to the erosion of the subaerially exposed units, the creation of peat, U 

shaped valleys and small glacial lakes. Start of the still ongoing glacial rebound.  

   11700 - now 

Ongoing contemporary erosion processes. These include some slope failure induced by storms, 

footpath erosion and other anthropogenic activity, fluvial erosion of the river channels and standard 

weathering.  
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APPENDIX  

 
 

 Stereonet: Profile planes based on poles to the bedding; note the wide range of Durness limestone bedding readings, this is 

due to the Formation being in close proximity to deforming granite   
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