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List of abbreviations 

Bio*    Biotite 

BLG   Bulging (recrystallisation) 

BVT*  Brittle-viscous transition (also known as the brittle-ductile, or 
brittle-plastic) 

Cat*   Cataclasite 

CPO   Crystal Preferred Orientation 

CSZ   Canisp Shear Zone 

Epi*   Epidote 

Fsp*   Feldspar 

GBAR   Grain boundary area reduction 

GBM   Grain boundary migration (recrystallisation) 

GBS    Grain boundary sliding 

Gt-sill-plag-qz  Garnet-sillimanite-plagioclase-quartz 

Hb*   Hornblende 

LAF*    Loch Assynt Fault 

Psd*   Pseudotachylyte 

SGR   Subgrain rotation (recrystallisation) 

SPO   Shape Preferred Orientation 

Qtz*   Quartz 

* Used in figures. 
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1. Introduction 
Dyke swarms are common within basement complexes globally e.g. Canada, Australia, the 

Falklands (Fig. 1.1) and NW Scotland (this study and references therein), and commonly 

preserve evidence of emplacement at mid-crustal depths.  Evidence for intrusion at depth 

within the ultramafic Scourie dyke suite of NW Scotland includes metamorphic mineral 

assemblages typical of amphibolite facies (e.g. primary hornblendes, autometamorphic 

garnets, two pyroxene metamorphic assemblages) and deformation of the earlier dolerite 

dykes under amphibolite facies conditions, cross cut by later picrite dykes (Tarney, 1973; 

Wheeler et al., 2010).  It is important to understand reactivation processes within the middle 

crust, as this is the main load bearing region of the lithosphere, incorporating the brittle-

ductile transition (Behr and Platt, 2014) (Fig. 1.2).  This is also the main earthquake 

producing region (e.g. Chen and Molnar, 1983; Sibson, 1983), with the area of study being 

seismically active >1.4 Ga (e.g. Giletti et al., 1961; Evans and Lambert, 1974). 

Aims of this project include documenting the geometry, kinematics, fault rock and mineral 

vein development associated with the different styles of dyke margin reactivation preserved 

at a number of key field localities in NW Scotland (Fig. 1.3).  This phenomenon is frequently 

referred to in the literature (e.g. Attfield, 1987; Obst and Katzung, 2006; Fossen and 

Cavalcante, 2017) but has yet to be described in any detail.  The relationships between pre-

existing mechanical anisotropies, chemically active fluids and deformation processes across 

the frictional-viscous transition are studied, looking at how dry and/or hydrothermal events 

may influence dyke margin reactivation on a local, or regional, scale.  Only data from 100% 

exposed dyke margins (undeformed and reactivated) are used to successfully provide an 

insight into the reactivation events in the region.  Local overprinting relationships are 

established and representative fault rocks and vein fills sampled for laboratory based 

microstructural analysis.  Microstructural analysis from key samples from the field can 

provide an insight into the kinematics and overprinting relationships of different stages of
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Fig. 1.1. (Above) Regional dyke swarms across the globe a) Mackenzie dyke swarm, Canada (Hou et al., 
2010) b) Multiple dyke swarms in Australia (Stark et al., 2017) c) Dyke swarms around the Falklands. CM: 
Cape Meredith; EF: East Falkland; FS: Falkland South; Laf: Ladonia; WF: West Falkland (Stone et al., 
2009). 

Fig 1.2. a) Simplified diagram that illustrates vertical variations in shear zones.  Quartz and feldspathic 
brittle-plastic transitions and recrystallisation mechanisms are related to temperature, as well as a 
dependence on strain rate and amount of fluids present. b-d) Characteristic microfabrics in the three 
different regimes: b) brittle fracturing c) plastic with brittle feldspar, small recrystallised quartz grains; d) 
recrystallisation at high temperatures where feldspar and quartz deform plastically, diffusion dominated 
grain boundary migration is dominant (adapted from Fossen and Cavalcante, 2017) c) Fault rock type 
with depth within the crust, highlighting the frictional-viscous (also known as brittle ductile, or brittle 
plastic) transition, the main area of study within this project (adapted from Holdsworth et al. (2001) 
[adapted from Sibson, 1977]). 
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Fig. 1.3. Geological map encompassing the study area of the Assynt terrane (upper and lower boundaries 
indicated by thick black lines, Moine Thrust indicated by thick red line).  Dark green NW-SE trending 
structures: Scourie dyke; pink: Lewisian Gneiss.  Localities for study marked on.  Inset shows location within 
Sutherland, NW Scotland.  Contains British Geological Survey materials © NERC [1972]. 
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reactivation and/or different reactivation events using optical microscopy.  The associations 

between mineralogical changes, mineral vein development and grain scale deformation 

mechanisms can be studied in order to assess the influence of fluid influx on deformation 

styles during reactivation, and the relationship to mechanical weakening.  The existing 

hypothesis that the syn-shearing fluid influx of hydrous fluids can drastically influence the 

resulting style of deformation can be tested in this research. 

Studying an exhumed mid-crustal terrane can give insights into long-term reactivation 

events, impacting our understanding of when deformation occurs in a brittle or ductile 

manner.  This can be coupled with the relationship between seismic and interseismic periods; 

pseudotachylytes, and ultramylonites and other fault rocks, respectively (Fig. 1.2c) during 

long term orogenic cycles.  Analysis of fault rocks formed during reactivation can be used 

to determine what weakening mechanisms lead to reactivation, and if any of these can lead 

to long term strengthening (e.g. frictional sliding). 
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2. Regional setting 
The basement rocks of the Lewisian Complex of NW Scotland are an example of a typical 

continental basement terrane.  They are Badcallian in age, and lie to the west of the 

Caledonian age Moine Thrust (Figs. 1.3, 2.1), with major regional scale Palaeoproterozoic 

and Archean deformation events affecting the Complex in this area.  They are not, however, 

much affected by post-Archaean deformation events (e.g. the Caledonian), and therefore 

preserve older structures.  Single vs multiple terrane models have been inferred from the 

geology, metamorphism and, more recently, geochronology.  Traditionally, the Lewisian 

Complex was viewed as a single late Archaean crustal block that underwent metamorphism 

and later deformation, with equivalent age gneisses in all regions (e.g. Peach et al., 1907; 

Sutton and Watson, 1950, 1962).  More recent studies by Kelly et al (2008) used U-Pb zircon 

Fig. 2.1. Sketch map of Lewisian Complex (after Kinny et al., 2005), units divided into terranes according 
to Friend and Kinny (2001) model.  Grey areas from Kelly et al. (2008) study infer similar crustal evolution, 
interpreted not to be separate terranes.  OHFZ: Outer Hebrides Fracture Zone; SZ: shear zone. 

Fig. 2.2. Early (Nagssugtoquidian) and Late (Labradorian) orogens in the Lewisian complex.  Early 
Laxfordian suturing of Archaean plates surrounding a previously active continental margin, followed by 
extreme contraction within Late Laxfordian nappes.  Well preserved gneisses of the central region are outside 
of both belts. Area of focus (central mainland) within this study highlighted (adapted from Mason, 2016). 
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ages to show magmatism and metamorphism ca. 2.85-2.73 Ga in the Outer Hebrides 

equivalent to events of the mainland terranes (e.g. Tarbert, Gruinard) (Mason et al., 2004), 

suggesting these terranes were contiguous (Fig. 2.2).  The rationale of a multiple terrane 

model was analysed by Friend and Kinny (2001).  Using U-Pb single-zircon geochronology, 

they proposed 9 separate terranes which amalgamated in the Palaeoproterozoic.  They 

proposed different ages for the gneisses in Harris (3.215 Ga), and the Leverburgh and 

Langvat belts (2.78-1.88 Ga), and noted the absence of some metamorphic events in some 

terranes.  The terranes are bounded by crustal scale shear zones (e.g. the Laxford shear zone), 

which act as continental sutures.  The absence of pervasive Laxfordian reworking within the 

Assynt terrane was suggested to be due to its higher structural level compared to the Gruinard 

or Rhiconich terranes (Park, 2005; Mason, 2012, 2016),  providing evidence for the existence 

of an early Laxfordian suture in this region (Fig. 2.2) (Mason, 2016).  

 

  

Fig. 2.2. Early (Nagssugtoquidian) and Late (Labradorian) orogens in the Lewisian complex.  Early 
Laxfordian suturing of Archaean plates surrounding a previously active continental margin, followed by 
extreme contraction within Late Laxfordian nappes.  Well preserved gneisses of the central region are outside 
of both belts. Area of focus (central mainland) within this study highlighted (adapted from Mason, 2016). 



9 
 

The Central terrane, referred to by Sutton and Watson (1950), is more commonly known as 

the Assynt Terrane (Figs. 1.3, 2.1), comprising of highly variable grey, banded tonalite-

trondjemite-granodiorite (TTG) orthogneisses (Sheraton et al., 1973) originating from an 

igneous pluton.  U-Pb and Sm-Nd geochronology have provided dates of intrusion 3.03-2.96 

Ga (Hamilton et al., 1979; Friend and Kinny, 1995).  The Badcallian tectonometamorphic 

event, initially referred to as the Scourian (Giletti et al., 1961; Sheraton et al., 1973), or early 

Scourian (Park, 1970), saw the deformation and high grade metamorphism of the TTG 

gneisses (Evans and Lambert, 1974; Attfield, 1987), which is more widespread in the Assynt 

terrane (Kinny et al., 2005).  U-Pb zircon analysis suggests peak Badcallian metamorphism 

occurred ca. 2.8-2.7 Ga (Corfu et al., 1994; Love et al., 2004), with minimum temperatures 

of 710-834oC (Ti-in-zircon thermometry [MacDonald et al., 2015]) and pressures of 850-

1150 MPa (mineral equilibria calculations [Johnson and White, 2011]), placing the event 

within a granulite facies regime.  NE-SW structures are preserved, along with sub-horizontal 

folding and banding within the gneiss (Park, 1970; Sheraton et al., 1973). 

The Inverian (referred to as the Late Scourian by Park [1970]) shows the hydrous 

retrogression of dry Badcallian rocks at amphibolite facies in the middle crust (Park, 1970; 

Sheraton et al., 1973).  Kinny et al (2005) presented the idea that the Inverian 

tectonometamophic event was due to the suturing of the Assynt and Gruinard terranes, 

explaining the differing (~100 Myr) protolith ages of the gneiss in each of these terranes, 

highlighted by Love et al (2004).  Mainland Inverian structures can be split into: broad 

(>4km) shear zones unaffected by Laxfordian reworking; narrow (<1.5km) shear zones 

cutting through Archaean rocks in the central region and; regions that experienced high strain 

in the Inverian that were intensively reworked during the subsequent Laxfordian event (Park 

and Tarney, 1987).  Lower crustal deformation produced major NW-SE trending structures, 

for example the Laxford Shear Zone.  This is the boundary between the northern Rhichonich 

and central Assynt terranes, suggested by Goodenough et al (2010; 2013) to accommodate 
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3. Methodology 

3.1 Fieldwork 
Fieldwork was undertaken at 100% exposed dyke margins within the Assynt terrane (see 

Fig. 3).  Structural data was collected from four main field localities; Lochinver (NC 087 

219), Achmelvich (NC 056 250 and NC 055 248) and Loch Assynt (NC 21 25).  Key features 

were measured at each locality and used to document regional trends for each reactivation 

event.  21 representative (oriented) samples of key fault rocks at the dyke margins and 

undeformed dyke material were taken, of which 10 were sectioned for further study.  

Additional samples and data from earlier fieldwork (by R.E. Holdsworth and E. Dempsey) 

around Achmelvich and Copper Island (Loch Assynt) were also used during analysis. 

3.2 Microstructural analysis 
Detailed analysis of the thin sections has been undertaken to document kinematics and 

overprinting relationships at the microscale using Leica and Nikkon optical microscopes (the 

Nikkon with the additional 1x lens for broader observations) and an attached camera driver 

for photomicrographs.  Image stitching used the Microsoft Image Composite Editor software 

to produce larger scale images for analysis. 
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Fig 4.1. a) Simplified geological map showing the study locations within the Assynt terrane, LA: Loch Assynt; LI: Lochinver; AS: Achmelvich South; AN: 
Achmelvich North; CL: Clashnessie.  Individual Scourie dykes from study locations mapped along with the main structural features affecting the region.  Orange 
line represents the approximate line of section in the cross section (b).  A more detailed geological map can be found in Figure 1.3. b) Schematic cross section of the 
extreme western end of the Canisp shear zone (after Attfield, 1987). 

 b) 
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grade for the origin of these gneisses during the Badcallian event, ca. 2.8-2.7 Ga. 

At Loch Assynt, the gneissose foliations dip moderately to the NW (average 067/49 NW), 

with little evidence for anything other than isolated minor folding in this area.  Stereonet 

analysis shows a spread of poles along a great circle consistent with open folding around a 

moderately WNW plunging ß axis (Fig. 4.2a).  Moderately SW dipping gneissose 

foliations at Lochinver (average 097/29 SW) show some variations in strike within the 

field (NW-SE to ENE-WNW), with stereonet analysis appearing consistent with folding 

around a shallowly SW plunging beta-axis (Fig. 4.2b).  The foliations and folding in both 

areas pre-date the emplacement of the dykes, which cross-cut the foliation at high angles.  

Similarly, the dykes show no evidence for folding.  The locality at the southern end of 

Achmelvich Bay (herein 

referred to as Achmelvich 

South) preserves gneissose 

foliations that mainly dip 

moderately to the NW 

(average 066/43 NW), 

folded around NE-SW 

trending fold axes with the 

fold hinge plunging to the 

NE (Fig. 4.2c).  Smaller 

scale (<50cm) folds within 

the gneiss also show 

similarly oriented fold axes 

(NNE-SSW), with the NE-

SW trending fold limbs indicating dextral vergence within these folds.  Once again, these 

folds pre-date the dyke. Gneissose foliations at the northern end of the beach at 

Fig 4.2. Poles to planes of gneissose foliations at the four main 
localities, orange plane; mean plane, black plane; best fit girdle a) 
Loch Assynt, n=56 b) Lochinver, N=32 c) Achmelvich South, n=33 d) 
Achmelvich North, n=41 

N 
a) LOCH ASSYNT 

n=56 

N 
b) LOCHINVER 

n=32 

N 
c) ACHMELVICH SOUTH 

n=33 

N 
d) ACHMELVICH NORTH 

n=41 
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Achmelvich Bay (herein referred to as Achmelvich North) dip moderately to the NNE 

(average 083/45 NNE), with the changing strike of some foliations showing some evidence 

of folding (trending ESE-WNW) (Fig. 4.2d).  Steep dips (~70o) are preserved close to the 

dyke margin.  The opposing dip of the foliations here compared to other localities is likely 

due to the proximity of the Lochinver monocline, tilting the foliation to the NNE.  This 

folding is likely to be due to Inverian deformation (e.g. Attfield, 1987) and therefore also 

predates the dyke. 

4.2. Original intrusive relationships 
Lochinver: Sharp, little modified contacts are present at the ~25m wide dyke at Lochinver; 

these cross-cut the gneissose banding at variable, but often high angles (Figs. 4.3a, 4.5a-b). 

Here the dyke margin has a shallower dip (average 124/68 NE) than at other localities 

(Figs. 4.3b, 4.5a).  An undeformed dilational jog along the dyke margin (Fig. 4.5b) 

suggests a component of top-to-the-NE extension during emplacement. 

Fresh surfaces of the dyke are green-grey weathering dark green-black.  Lithologically, the 

dyke is composed of predominately 1-2mm anhedral hornblende crystals (70-80%) with 

subsidiary minerals including some feldspars; little lithological variation occurs across the 

dyke.  A 1.5cm thick chilled margin along the dyke margin shows an obvious upper 

boundary within the field defining the upper limit of sub-mm crystal sizes (Figs. 4.5c-d).  

Crystal sizes are on a sub-mm scale at the dyke margins within the chilled margin, which 

also preserves an orthogonal texture defined by less weathered bands (Fig. 4.5c).  Figure 

4.5d shows injections of dyke material into the gneiss along the contact, also exhibiting the 

orthogonal texture.  This is possibly indicative of a spinifex-like texture along the dyke 

margin, indicating a large degree of undercooling during dyke emplacement (Lowrey et al., 

2017).  Crystal sizes increase to 1-2mm on fresh surfaces at the centre of the dyke.  
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Fig 4.3. Lochinver a) Geological map of the undeformed dyke margin, for key see Figure 4.4.  Sample and photograph locations indicated. b) Stereonet of 
dyke margins, n=25, orange plane: mean plane c) Stereonet of poles to planes of fractures d) Stereonet of poles to planes of quartz veins. 

4.5a 

4.5b 

4.5c 

4.5d 
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Fig 4.4. Key for the geological maps in Figures. 4.3, 4.6, 4.8, 4.10. 
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50cm NE 

a) 

SW SW 

b) 

NE 

NW SE 

c) d) 

NW SE 

NE SW 

e) f) 

NW SE 

Orthogonal texture 

Chilled margin 

Chilled margin 

Dyke injection 

Gneissose foliations 

Sharp margin 
Dilational jog 

Gneissose 
foliations 

Lochinver Lochinver 

Lochinver Lochinver 

Achmelvich North Loch Assynt 

Xenolith 

Sharp margin Cooling joints 

Dyke injection 

Fig 4.5. Undeformed intrusive features a) Lochinver; dyke margin trending NW-SE, dipping to the NE, cross sectional view b) Lochinver; small syn-tectonic dextral pull 
apart along the dyke margin, cross sectional view, weather writer for scale c) Lochinver; spinifex-like texture in the chill margin along the dyke margin, plan view, finger 
for scale d) Lochinver; injections of the dyke into the gneiss, boundaries of chilled margin indicated, plan view, compass clinometer for scale d) Achmelvich North; 
xenoliths along the dyke margin, cross sectional view, compass clinometer for scale f)Loch Assynt; igneous textures preserved at the northern margin, plan view, compass 
clinometer for scale. 
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markers in the adjacent wall rock to these veins provides evidence for sinistral offset 

during vein emplacement.  This is in addition to some en-echelon off-shoots, indicating 

that the brittle NE-SW shear within the smaller dyke could be related to these quartz veins. 

1-2mm wide quartz veins are sparsely distributed across the outcrop at Lochinver (<1m in 

length), mainly trending NNE-SSW within the dyke (Fig. 4.3d).  This orientation is 

consistent with the orientation of the ca. 2 Ga quartz veins found a Loch Assynt (Vernon et 

al., 2014). 

4.4. Ductile post-dyke deformation 
Achmelvich North: The 15-23m wide dyke at Achmelvich North (Fig. 4.6a) preserves 

steeply dipping dyke margins (average 120/77 SW, Fig 4.6b), with evidence for the local 

development of schistose viscous mylonites either side of the pre-existing intrusive 

contacts (Fig. 4.6c).  Biotite-muscovite schist (derived from the quartzo-feldspathic 

gneissic protolith) and hornblende schist (derived from the doleritic dyke protolith) are 

found along the contact, reaching up to 1.10m in width in the biotite-muscovite schist at 

the northern margin.  However on average, the width of the schistose region is 11cm and 

15cm within the gneiss and dyke respectively at both northern and southern dyke margins.  

S-C banding and asymmetric wrapping of lower strain pods in the mylonites give 

consistent dextral shear senses (Fig. 4.7).  This fabric has reworked most of the original 

igneous features, such as chilled margins, at the contact.  It is also associated with later 

foliation-parallel quartz mineralisation along the contact (Figs. 4.6d, 4.7a, Appendix Fig. 

1.2a), which is sheared into parallelism with the schistose fabric in localised areas (<30cm 

in length) of the dyke margin.  This implies a syn-tectonic origin of the quartz 

mineralisation along the dyke margins. Quartz is also present here in the form of veins 

(<5mm), mainly located around the dyke margin or within the centre of the dyke.  The 

majority of these are parallel to the NW-SE trending dyke margin (Fig. 4.6d), with some 

oriented NNW-SSE; a clockwise rotation from the margin.  Pre-existing compositional 
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Fig 4.6. Achmelvich North a) Geological map of the dyke at Achmelvich North and surrounding features, for 
key see Fig. 4.4 b) Stereonet of dyke margins c) Stereonet of poles to planes of schistose fabric at the dyke 
margins d) Stereonet of poles to planes of quartz veins e) Lineation data from NW-SE trending (faulted) dyke 
margins f-g) Stereonet of poles to planes of fractures h) Stereonet of poles to planes of zeolite veins i) Map 
indicating sample and photograph locations in relation to the geology. 

4.5e 

4.6a 

i) 
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Fig 4.7. Quartz mineralisation and schistose fabric along the dyke margins at Achmelvich, both plan view a) Syn-tectonic quartz mineralisation along with the schistose 
fabric at Achmelvich North b) Syn-tectonic quartz mineralisation and schistose fabric along the southern dyke margin of Achmelvich South. 

a) 

NW SE 

b) 

Syn-tectonic quartz 
mineralisation 

Biotite muscovite 
schist 

Hornblende schist 

Ductile dextral 
shearing 

Syn-tectonic quartz 
mineralisation 

Dextral schistose 
viscous mylonites 

Achmelvich North Achmelvich South 
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Fig 4.8. Achmelvich South, a) Geological map of the dyke at Achmelvich South and surrounding features, PA; Pull apart, for key see Figure 4.4 b) Stereonet of dyke margins c) Stereonet 
of poles to planes of schistose foliations d) Stereonet of poles to planes of quartz veins, e) Lineation data from NW-SE trending (faulted) dyke margins f-g) Stereonet of poles to planes of 
fractures h) Stereonet of poles to planes of zeolite veins i) Map indicating sample and photograph locations in relation to the geology. 
 

4.7b 

4.9 
4.13a 

4.13b 

4.13c 

4.13d 
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The dextral viscous shearing event described cross cuts pre-existing Badcallian and 

Inverian structures, affecting both the dyke margins and the gneiss.  It also post-dates the 

ca. 2 Ga quartz veins described and dated by Vernon et al. (2014), however, as the 

schistose viscous fabric is not preserved at Loch Assynt, there is no clear field evidence for 

relative age relationships at this locality. Post-dating the quartz veins would place the 

viscous shearing as being younger than 2 Ga, most likely related to the Laxfordian 

shearing recognised in the central part of the CSZ according to the literature (e.g. Attfield, 

1987).  Laxfordian fabrics within the CSZ affect the Scourie dykes, both inside and outside 

of the shear zone, with characteristic deformation including discrete shear zones 

accommodating strain within anastomosing networks within the dykes and at their 

margins.  Findings by Attfield (1987) of a strong lineation plunging 10-30o ESE, indicating 

a predominantly dextral strike slip regime, are in agreement with this study. 

Fig 4.9. Field photograph of lineations on the faulted northern dyke margin, cross section view. TF: 
tensile fracture; SL: slickenline; black; dip-slip with some dextral component; orange: dextral strike-
slip; green: sinistral strike slip. Pencil for scale. 
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4.5f 

4.11a 

4.11b 

4.11c 

4.11d 
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Polished 
slickenside 

Epidote mineralization 
associated with slickenlines 

Slickenlines (2) 

Slickenlines (1) 

Stepped epidote 
slickenfibres 

SE NW 

a) b) 

S
E N

W 

Fig 4.12. Oriented hand 
specimen from Loch Assynt 
(NC 21045 25192), sample 
dips at 70o into the page.  
Slickensides with slickenlines 
and epidote slickenfibres 
associated with the dyke 
margin at this locality a) 
Hand specimen photograph, 
shear sense indicated b) 
Annotated line drawing. 
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Table 4.1. Summary table indicating trends of main features across the 4 main localities of the study area. 

Feature Locality  
Lochinver Achmelvich North Achmelvich South Loch Assynt 

Gneissose foliations E-W trending  
Moderately dipping 
Folded around SW 
plunging axis 

NW-SE trending 
Steeply dipping 
 

NE-SW trending  
Moderately dipping 
Folded around NE plunging axis 

NE-SW trending 
Moderately dipping 
Folded around WNW 
plunging axis 

Dyke margins NW-SE trending 
Moderately dipping 

NW-SE trending  
Steeply dipping 

NW-SE trending  
Sub-vertical 

NW-SE trending  
Sub-vertical 

Fractures: Dextral 
                  Sinistral 
                  
                 Tensile  

- NE-SW trending NW-SE trending NW-SE 
- NW-SE trending NW-SE, NNE-SSW trending NW-SE trending 
- E-W trending NE-SW trending NE-SW trending 

Schistose fabric - NW-SE trending NW-SE trending - 
Quartz veins (Early) NE-SW trending NW-SE trending NNW-SSE trending (Early) NE-SW trending 
Quartz-epidote veins - - - WNW-ESE trending 
Zeolite veins - E-W trending WSW-ENE trending - 
Lineations: Sinistral oblique 
                   Dextral oblique 
                   Dip-slip 

- Shallowly NW plunging Shallowly NW plunging Moderately W plunging 
- Shallowly SE plunging Shallowly SE plunging - 
- Steeply NW plunging Steeply SE plunging - 
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5. Microstructures 

5.1 Microstructural abbreviations 
 

Abbreviation Definition 
BLG Bulging recrystallization. 
CPO Crystal preferred orientation: ascertained using a gypsum plate of the 

polarizing microscope, which should show a dominance of a single colour 
for samples with strong CPOs (Fossen, 2016).  This is determined by eye. 

GBAR* Grain boundary area reduction. 
GBM* Grain boundary migration recrystallisation . 
GBS Grain boundary sliding. 
SGR* Subgrain rotation recrystallisation: defined by the rotation of subgrains 

(<20o extinction angle to neighbouring grains) to form new grains (>20o 
extinction angle to neighbouring grains). 

(X)µm Unless otherwise stated, measurements refer to the long axis grain 
diameters. 

5.2 Microstructural textures 
This section presents a microstructural analysis of dyke margins and associated features 

from the four main field localities, which is used to supplement field observations and 

further constrain the deformation histories of reactivation (see field maps, section 4, and 

Appendix 2 for sample locations).  In addition to the analysis carried out on these 

deformed dyke margins from Achmelvich (NC056250 and NC055248) and Loch Assynt 

(NC2125) comparative microstructural analysis was also performed on samples of an 

undeformed Scourie dyke and the Lewisian Gneiss from Lochinver (NC087219).  These 

show differing levels and complexities of inferred overprinting relationships of 

deformation, indicated by the fault rocks and microscale deformation within the samples. 

Microstructural classifications from experimentally deformed quartzite by Hirth and Tullis 

(1992) and Passchier and Trouw (2005) are used throughout to indicate the separate 

regimes of dislocation creep.  Distinct microstructures are produced within each regime 

due to the dominant dynamic recrystallisation mechanisms.  During deformation, 

mechanisms to produce and annihilate dislocations within grains are in competition, which  

 

Table 5.1. List of microstructural abbreviations and definitions. *See Figure 5.1 and Table 5.2. 
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Figure 5.1 continued on next page 
































































































































































































