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peridotite the form of the body’ is contentious, with 

disagreements on fundamental problems like the way - up and 

facing direction, the relation of gabbroic lithologies to the 

peridotite and the timing of emplacement and deformation of these 

bodies. This section covers the structure and tectonic fabrics 

developed in the peridotite and the nature of its contacts with 

the Kylemore Fm metasediments. The structure and _ contact 

relations of the gabbroic bodies are discussed in {3.4.2} with 

the relations between the peridotite and gabbros and their 

implications for the regional development covered in {3.5}. 

3.4.1.1 Previous work: Rothstein (1954, 1957, 1961) 

considered the peridotite to be an essentially undeformed igneous 

sequence, having a lensoid shape with a rim of massive peridotite 

and a core of layered lithologies (Figure 3.34). 

Leake (1964, 1970b) reinterpreted the structure of the 

peridotite body using the tectonic fabrics developed in the 

peridotite (primarily foliations) to define the internal 

structure of the peridotite. Leake’s interpretation considers 

the gabbroic lithologies to be a continuation of the peridotite 

fractionation sequence, the gabbro representing the youngest part 

of the peridotite body. 

Leake (Figure 3.34) envisages the peridotite to be downward 

facing and deformed by two phases of folding, a downward facing 

F2 synform, the axial trace of which runs though the gabbro, 

and a later pair of upright NW/SE Fs folds which deform the 

Fe fold. The Fz structure in the peridotite is traced 

by Leake (1970b) into the Currywongaun and Doughruagh bodies, 

with the entire DCD complex lying in an Fez synformal core. 

Kanaris-Sotiriou & Angus (1976) show the Dawros peridotite 

body as being tectonically separated from the developing Dawros - 

Currywongaun - Doughruagh igneous complex during F2, with 

the peridotite schematically shown as being deformed into a 

syncline during this separation event. 

Bennett & Gibb (1983) consider the peridotite to be upward 

facing, although locally inverted, and younging to the ENE. They 

consider the body to have a folded, originally tabular, form and 

to be lying in the limb of an Fez fold. The gabbroic 

material is described as intrusive in nature, having been
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emplaced syn - Dz, possibly by the autointrusive mechanism 

suggested by Angus, Middleton & Kanaris-Sotiriou (1980). The 

F2 structures are deformed around Fs and F,. folds, 

possibly related to the F3 Tully Mountain synform to the NW, 

which Bennett & Gibb suggest can be traced into the Kylemore Fm 

metasediments (Figure 3.34). 

3.4.1.2 Fabrics: As described in {2.2.1.2}, two foliation 

fabrics are developed in the peridotite lithologies. The 

earliest of these fabrics, Si, is developed at a low angle 

to the layering (Figure 3.35), but shows a variable vergence to 

the layering. This vergence can be used in the same way as 

cleavage-bedding relations to determine the structure of the 

body. The S$: foliation is most obviously developed in 

olivine - rich lithologies as a spaced (10 - 40mm) planar fabric, 

the planes being defined by 2 - 10mm zones of serpentinised 

peridotite. 

A variably orientated second foliation is developed, generally 

occurring as an upright fabric which is again most evident in the 

olivine rich units. This fabric is patchily developed, being 

absent in some areas and completely obscuring the early fabric in 

others. Veins of fibrous serpentinite are often developed 

parallel to the Sz foliation. The mineralogical effects of 

the serpentinisation produced within the two foliations are 

described in {4.2.3.6}. 

3.4.1.3 Folding: Use of the S: foliation-layering 

intersection as a _ structural indicator defines the structure of 

the peridotite shown in Figure 3.36. The body is deformed around 

NNW-SSE trending tight to isoclinal folds which are overturned to 

the south such that the lithological sequence is _ locally 

inverted, but consistently upward facing. The control of outcrop 

pattern by the folding is most clear in the centre and east of 

the peridotite where the lherzolite, the upper portion of the 

sequence, is developed in the cores of synclinal folds (Figure 

3.36), The younging directions deduced by Bennett & Gibb (1983) 

fit closely with the structure proposed by this work (Figure 

3.36). However, the tracing by Bennett & Gibb (1983) of the 

internal structures of the peridotite into apparently contiguous



structures in the metasediments of the Kylemore Fm is considered 

by this worker to be incorrect owing to the more complex 

behaviour of migmatitic lithologies during deformation {3.2.2.4}. 

The structures and fabrics developed within the Kylemore Fm are 

discussed in {3.2.2}. 

3.4.1.4 Contact relations of the Dawros peridotite 

3.4.1.4.1 Introduction: Previous workers generally pass 

over the nature of the contacts between the metasediments and the 

peridotite, providing no detailed descriptions of the contact 

zones, They dao, however, agree that the body has been 

tectonically displaced from its original location to its 

present environs. The occurrence of hornfelsic and _ locally 

migmatitic material at the contacts is cited by Rothstein (1957) 

and Leake (1970b) as evidence of the body’s original intrusive 

nature. 

3.4.1.4.2 Field observations: The contacts between the 

peridotite and Kylemore Fm metasediments are generally unexposed, 

but often marked by a narrow gully. In most areas the contact 

can often be located within 2-5m. Where exposed the contact 

zones are marked by the development of characteristic fabrics 

within the peridotite and metasedimentary lithologies. The 

degree of development of these fabrics is variable, with the best 

development of fabrics seen in the most complete section [GR 705 

590]. 

3.4.1.4.2.1 Fabric changes in the metasediments at the 

contacts with the peridotite: The typical fabrics and 

folding developed within the Kylemore Fm around the igneous 

bodies have already been described {3.2.2.4}. Adjacent to the 

contacts with the peridotite these fabrics and folds become 

modified with mylonitisation and recrystallisation of the 

metasediments increasing towards the contact. The foliation 

developed within the metasediments becomes regular in nature, as 

irregular migmatitic features {3.2.2.4} are overprinted by a more 

regular foliation. The foliation associated with the contacts 

also shows a strong grain shape lineation (Figure 3.37) which is 

91
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Figure 3.37: Typical lineation developed within Kylemore 
Formation adjacent to the peridotite [GR 696 596]. Lens cap is 
49mm diameter. 
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Figure 3.38: Talc carbonate schist from the Creggaun shear zone 
[GR 705 590] (X 56) XPL. 
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locally the dominant fabric. In thin section the lithologies 

around the contacts show strong mylonitisation features (see 

Figure 3.24) often with evidence of recovery; polygonal and 

subgrain textures being developed. The fabrics and mineralogies 

seen in the metasedimentary lithologies at the contact with the 

peridotite are similar to those described in {3.2.2.4} as being 

associated with ductile shear zones. 

3.4.1.4.2.2 Fabrics developed within the peridotite 

adjacent to its contacts: The degree of pervasive 

serpentinisation of the peridotite {4.2} increases towards its 

margins. At the contact the peridotite is entirely 

serpentinitic, locally being replaced by talc - carbonate 

assemblages. The width of the zone affected by the pervasive 

effects is variable from 2 - 3m up to 20m. The fabrics within 

this serpentinised zone are best seen in the area around [GR 699 

589] where a N to S transect from the peridotite into the 

Kylemore Fm metasediments reveals the following effects: 

i, the degree of serpentinisation of the peridotite increases 

from 20 - 25% approximately 20m from the contact, to complete 

serpentinisation 2 - 5m from the contact; 

ii, the increase in serpentinisation is paralleled by a loss of 

layering within the peridotite; 

iii, a strong E - W striking and shallowly N dipping foliation 

becomes the dominant fabric within the peridotite at the marginal 

zones; 

iv, within 1 - 2 metres of the contact the serpentinised 

peridotite becomes increasingly well foliated, and local 

developments of talc - carbonate schist are common e.g. [GR 705 

590, 699 589]. 

In thin section the serpentinised lithologies show an 

increasingly strained nature towards the contact. Poly gonal 

textures (Maltman 1978) are developed in the serpentinised 

peridotite 4-5m away from the contacts. These polygonal textures 

are lost closer to the contact and replaced by carbonate - rich 

talcose schists (Figure 3.38). Similar fabrics are described by 

Cruse (1963) as occurring at the margins of serpentinite pods 

adjacent to the RBS on Inishbofin. The serpentinisation and 

textural changes at the margins of the peridotite developed after
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the igneous crystallisation of the body {4.2.3.6}. 

3.4.1.5 Summary of the structure and contact relations of 

the Dawros peridotite: The Dawros peridotite body consists 

of a sequence of ultrabasic igneous rocks with a well developed 

stratigraphic (fractionation) sequence {2.2.1}. A series of 

massive peridotitic lithologies in the western part of the body 

may represent a marginal / basal facies which passes 

northeastwards into a layered sequence of more evolved layered 

lithologies. Primary phase layering showing current and graded 

bedding features reveals the structure of the peridotite to be a 

series of upward facing tight to isoclinal NNW - SSE folds, 

which locally invert the lithological sequence in fold limbs 

(Figure 3.36). The body as a whole plunges to the north beneath 

a cover of Kylemore Fm metasediments. Folding in the peridotite 

is not contiguous with structures in the surrounding 

metasediments {3.2.2.4}, although the orientations of the the 

structures in the peridotite are similar to Fs: folds within 

the metasediments (Figure 3.35). 

The peridotite is separated from the Kylemore Fm metasediments 

by a zone of tectonised metasedimentary and _ serpentinitic 

lithologies. There is less evidence of migmatisation of 

metasedimentary lithologies in this contact zone than for contact 

rocks adjacent to the gabbroic bodies. Towards the east, the 

peridotite thins into a_ serpentinitic zone which structurally 

underlies the Creggaun gabbro and its migmatitic aureole. This 

feature is the structural roof of the peridotite body, the floor 

being best exposed at [GR 695 593] and on the southern margin of 

the body. 

The present form of the body is of a tightly folded, 

tectonically bounded, ‘lens’ which dips away to the N / NE and 

thins to the east. A schematic reconstruction of the original 

form of the exposed portions of the body is shown in Figure 3.36. 

The implications of the form and _ contact relations of the 

peridotite are discussed in {3.5}. 

3.4.2 The structure of the gabbroic bodies
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Figure 3.39: Previous interpretations of the form of the gabbroic 

bodies; 
a, Leake (1970b), 
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3.4.2.1 Previous work: Initial studies of the Currywongaun 

- Doughruagh gabbros by Ingold (1937) showed that the two 

intrusive bodies represented one original intrusion, now 

separated by a fault. The pre - faulted form of the intrusion is 

considered by Ingold to be a thick inclined sheet or laccolith. 

Leake (1964, 1970b) also considers the two bodies to represent 

one original intrusion but describes the structure of 

Currywongaun as being a downward facing tight to isoclinal 

syncline or synform (Figure 3.39). 

Kanaris - Sotiriou & Angus (1976) investigated the form of the 

internal layering in the igneous lithologies. They conclude that 

the overall structure of Currywongaun is a tight, NW plunging, 

anticline or antiformal syncline, although no conclusive way up 

could be defined. Doughruagh is described as possessing a 

similar form. However, the lack of primary layering features 

prevent the clear definition of the fold structure. They suggest 

that these structures are F3 in age. The form of the 

Currywongaun - Doughruagh bodies appears to be a tight antiformal 

syncline which plunges west with a northerly dipping axial plane. 

This structure is considered by Leake (1970b) to continue through 

the smaller gabbroic bodies to the west of Currywongaun and into 

the Dawros peridotite. 

3.4.2.2 Contact relations of the gabbros 

3.4.2.2.1 Previous work: All the previous authors note the 

existence of sillimanite bearing, hornfelsic contact lithologies 

and consider the original nature of the contacts to be intrusive. 

Ingold (1937) noted the contacts to be sharp, with local 

lit-par-lit relations between gabbro and _é gneissose 

metasediments. "Sheet - like’ xenoliths of metasedimentary 

lithologies are common at the margins of the gabbros, along with 

rare peridotite fragments (Angus et al. 1980). Leake (1970b) 

states that the area to the west of Currywongaun, containing the 

Dawros river and Creggaun gabbros, consists of ’fragments of 

ultrabasic and gabbroic rocks together with clots and patches of 

kneaded, partially melted -hornfels, all torn off the original 

major intrusion and its envelope’. This idea that the Dawros 

River and Creggaun gabbros represent fragments separated from the
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Figure 3.40: Mobilised semipelitic xenoliths (pale weathering) 
within the Creggaun Gabbro [GR 702 595]. Compass is 100mm long. 
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Figure 3.41: Sharp contact between gabbro and pale weathering 
Kylemore Formation psammites at [GR 702 595], Creggaun Gabbro. 
Compass is 100mm long. 
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Figure 3.42: Strongly lineated gabbro and pale weathering 
Kylemore Formation psammite at [GR 731 606], the northern contact 
of the Currywongaun gabbro. Lens cap is 49mm diameter. 
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Currywongaun and Doughruagh intrusions during syn-crystallisation 

deformation is also put forward by Kanaris-Sotirion & Angus 

(1976) as part of their model for the evolution of the DCD 

{2.2.1}. Kanaris-Sotirion & Angus note that the contacts of the 

Jarger intrusives are sheared to greater or lesser amounts and 

are thus tectonic sensu stricto. 

3.4.2.2.2 Field relations at the gabbro contacts: At the 

margins of the Creggaun gabbro a zone of sheet-like xenoliths is 

developed (Figure 3.40). These xenoliths consist of migmatised 

and mobilised psammites, semipelites and pelites. Associated 

with the xenolithic areas are quartzofeldspathic veins up to 

200mm across which contain large (= 100mm) prismatic 

tourmaline crystals. Similar tourmaline rich veins are 

associated with xenolithic zones within the other gabbros. The 

contact of Creggaun gabbro with the Kylemore Fm is sharp, though 

irregular in nature, and can be seen in the steep crag at [GR 

703 595] (Figure 3.41). The grain size of the gabbroic material 

is coarse (5 - 10 mm) at the contact which no chilled zone 

developed. No evidence of shearing or displacement is apparent 

along this contact, although a mineral lineation fabric is 

variably developed in both the gabbro and metasediments. 

On the northern margin of Currywongaun the gabbro/metasediment 

contact is exposed in a_ stream section [GR 731 606]. In this 

exposure lineated psammitic and gabbroic lithologies are 

interlayered in a highly deformed zone (Figure 3.42) approximatly 

10 - 15m wide. The fabrics developed in this zone die away 

rapidly into the gabbro to the south and _ into the foliated 

metasediments to the north. This contact shows features typical 

of the tectonised contacts described by Kanaris - Sotiriou & 

Angus (1976). In some areas adjacent to the main igneous bodies, 

such as at [GR 761 596] on the east of Doughruagh, the contact 

zones show little or no _ tectonic effects, preserving original 

igneous features. 

Tectonic contacts appear to be best developed on the northern 

and southern margins of the larger intrusions , with the smaller 

intrusions and zones on the eastern and western edges of 

Currywongaun and Doughruagh showing the preservation of original 

igneous contacts.
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The significance of the variation in contact styles is 

discussed in {3.5}. 

3.5 Discussion and interpretation of the structure of the 

study area 

The structural evolution of the study area is complex, although 

it can be subdivided into a series of stages (Figure 3.43). The 

earliest fabric, Si, is only preserved in porphyroblasts and 

in rare matrix zones. 

The Sz fabrics, and the evidence of its mechanism of 

formation preserved in porphyroblasts, suggest that the De 

deformation was achieved by non - coaxial bulk inhomogeneous 

shortening (Bell & Rubenach 1983). Under such conditions an 

overall flattening is accompanied by an element of simple shear. 

The strain ellipsoid calculated by Kelly & Max (1979), using data 

from strained clasts within the Trawmore Psammite Mb of the Lakes 

Marble Fm, shows an X:¥:Z ratio of 23:13:1. This value indicates 

an overall flattening strain with an element of extension. 

Ferguson (1984) considers this strain estimate to represent the 

effects of Dz, with Ds simply folding these earlier 

fabrics. Treloar & McInnes (1981) also consider Dz to have 

produced flattening, with an associated layer parallel extension, 

which was buckle folded in Ds. The Lz mineral stretch 

lineation is associated with the development of curvilinear 

Fe folds {3.2.1.3 and 3.2.2.3} which suggest that simple 

shear was at least locally important in Ds. 

The dominant effect of the Ds deformation is the 

production of folds, typically hybrid type 3/lc folds (Yardley 

1976). These folds with thinned limbs and thickened hinges can 

be produced by flattening an initial buckle fold normal to the 

axial surface (Ramsay 1967). Fs folds show non - 

cylindrical hinges, a feature described by Ramsay as being 

produced by strain variation along the length of a fold. 

Evidence of Ds deformation is limited, kink bands being 

the only obvious Da structures. The primary effect of 

De is the regional tilting associated with formation of the 

Connemara antiform {3.2.1.3 and 3.2.2.3}. 

This four stage deformation history is comparable to 

previously proposed deformation histories (Figure 3.44).
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The deformation histories to the south of the RBS and in the 

Kylemore Fm to the north are comparable although where the 

Kylemore Fm is adjacent to the igneous bodies of the DCD it has a 

somewhat modified history. The timing of intrusion of the DCD is 

generally accepted as syn Dez (Kanaris - Sotiriou & Angus 

1976). 

The folding and fabrics developed within the Dawros peridotite 

show orientations similar to Ds features in _ the 

metasediments, as do the large scale folds reported as being 

present in the Currywongaun and Doughruagh gabbros. The contacts 

of the larger gabbroic bodies show preservation of original 

igneous contacts only at the east and west sides of the bodies, 

ie, in the fold noses. The northern and southern contact zones 

show considerable evidence of high strains {3.4.2.2.2}. The 

variation in contact zones is here interpreted as being due to 

the effects of flexural slip in the limbs of the Currywongaun - 

Doughruagh folds being concentrated at the contact as the marked 

competence contrast between gabbroic and psammitic and 

semipelitic lithologies would tend to localise such strain. The 

effects of deformation synchronous with the intrusion of the 

gabbros is clear in the migmatitic zones adjacent to the Creggaun 

gabbro {3.2.2.4} where migmatitic lithologies show complex, syn 

migmatisation, folding. These fold fabrics are _ locally 

reorientated into high strain zones showing strong mylonitic 

fabrics which are associated with sillimanite growth {4.1.3.8}. 

The high strain zones are typically flat lying although they 

locally pass into steep N-S striking zones. The overall form of 

these zones is here considered to present a system of linked 

ductile displacments with the flat zones representing floor 

thrusts which pass into steep walls or lateral ramp thrusts 

{Enclosure 2}. These thrust forms are stacked in a ductile 

duplex, with the gabbroic material and its contacts being 

emplaced over metasediments which in turn are emplaced over the 

peridotite. The movement sense on these structures is unclear 

although the dominant N-S linear fabrics seen in the in the 

aureole lithologies suggest the movement to have a N - § 

direction, although the polarity of movement is not apparent. 

The mylonitic fabrics are cut by veins of granitic material 

similar in appearance to the irregular segregation veins evident
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in the convolutely folded migmatitic areas. Although the syn 

mnigmatisation folding is overprinted by the high strain zones 

there need be no significant time interval between the two. It 

is likely that the two processes occurred over the same time span 

(syn - Dz) as both groups of lithologies have comparable 

sillimanite bearing mineralogies {4.1}. However, certain of the 

shear zones, especially those associated with serpentinitic 

lithologies, show retrogression and further mylonitisation of the 

high grade mineral assemblages suggesting that movement on these 

zones also occurred at lower temperatures than the _ initial 

movements, possibly being reactivated syn — Ds. 

The peridotite and its metasedimentary envelope show a more 

complex structural history than that seen in and around the 

gabbros. All the contacts between peridotite and metasediment 

are tectonic in nature and show limited migmatisation, with no 

late granitic veins cutting the fabrics. No zones of xenoliths 

or hybridised igneous lithologies are present at the margins of 

the peridotite which are strongly serpentinised and _ locally 

converted into talc schist. The layering in the peridotite is at 

a high angle to the contacts. The peridotite is considered to 

have been emplaced in a_ solid state, syn - D2, but still 

retaining sufficient heat to produce sillimanite in the contact 

mylonites although not extensive migmatisation. Subsequent 

deformation (during Ds) led to the formation of 

serpentinitic and retrograde mylonitic assemblages in the contact 

lithologies as the contact zones were reactivated. The most 

evident ductile shear zone, seen at [GR 705 590], which places 

the Creggaun gabbro and its aureole over the peridotite, is 

associated with low grade mineral assemblages and represents one 

such reactivated zone. It is noteworthy that the most obvious 

reactivation can be seen in contacts striking E - W, in a manner 

similar to the fabrics seen in the larger gabbroic bodies, 

possibly indicating the reactivation of these contacts to be syn 

- Ds It is likely that the E - W striking peridotite 

contact zones were also reactivated by flexural slip effects 

during the Fs folding. 

The Renvyle - Bofin Slide juxtaposes two groups of lithologies 

which show similar structural histories. The RBS _ itself, 

however, remains rather an obscure feature. Its timing can be
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constrained as post - intrusion of the DCD because the aureole 

effects appear to be truncated by the slide, but prior to the 

regional metamorphic peak (post - Dz) as the peak regional 
assemblages on either side of the RBS are comparable {Chapters 4 
and 5}. The RBS can be seen to cross cut the stratigraphy, 

truncating the northern limb of the Tully Mountain Synform, an 

Fs fold, which suggests that the present form of the slide 

developed post Ds. The fabrics associated with the slide 

zone itself {Sasa show that both ductile and brittle 

deformation have occurred. The early ductile fabrics are partly 

defined by biotite, a mineral developed in D2 fabrics and 

generally replaced by chlorite in D3 fabrics {3.2.1.1 and 

Sstagel hs This suggests that the slide was active during 

Dz, under P - T conditions suitable for the production of 

biotite, and was subsequently reactivated to produce the fabrics 

associated with the more brittle deformation and chlorite growth 

seen in the actual slide itself {3.3.2}. It is here suggested 

that the slide represents a late De feature (with the DCD 

having cooled such that its thermal effects were not transmitted 

across the slide), which was subsequently reactivated in Ds 

to give its present, N dipping, form. The movement senses of 

both events are unclear in the field, although P-T path work 

{5.5} suggests the Kylemore Fm _ to have remained at a constant 

crustal level and _ the lithologies south of the RBS to have been 

loaded during MP2, giving the RBS, in its present form, a 

dip - slip thrust sense. The lineation present along the RBS has 

an overall E - W orientation with variable gentle plunges, 

suggesting that any motion along the slide related to this fabric 

was of a ’strike - slip’ nature. Thus, the RBS shows a complex 

movement history, with at least two possible displacement 

vectors.



    

Addendum to {3.2.2.4} 

As discussed in {3.2.2.4} the main fabrics and folding in the 

Kylemore Formation metasediments which form the aureole to the 

DCD are here considered to be of Dz age. This age is the 

same as that considered by Kanaris - Sotiriou & Angus (1976) for 

the syn - deformational intrusion of the DCD. A variety of 

criteria have been used to determine the timing of fabric 

development in the aureole rocks. 

Firstly, the foliation fabric developed in the aureole zones 

passes laterally into the Sz fabrics of the regional 

metamorphic lithologies and no evidence of one fabric 

overprinting the other can be seen. In the outermost parts of 

the aureole contact metamorphic garnets contain inclusion trails 

of an Si fabric. However, contact metamorphic garnets 

developed near to the igneous bodies contain xenoblastic 

inclusions. The fabrics preserved in aureole garnets are 

straight, unlike the regional garnets which show a range in form 

{3.2.3}. This suggests that the garnet growth associated with 

the contact metamorphic effects of the DCD was relatively early 

in De and as such the syn - intrusive fabrics within the 

aureole are early Dz in age. These observations suggest the 

foliation in the aureole zones to be an Sz foliation. 

Secondly, chlorite commonly occurs as a late mineral replacing 

garnet and biotite. In places it is developed in a crenulation 

fabric similar to the S3 crenulation fabrics seen in the 

adjacent regional metamorphic lithologies. Although no clear 

F3 folding can be recognised within the aureocle zones, the 

folds and fabrics within the igneous bodies, i.e. the folding and 

foliation in the peridotite as discussed in {3.4} and the form of 

the gabbroic bodies of Currywongaun and Doughruagh as suggested 

by Kanaris - Sotirion & Angus (1976), show orientations and 

styles typical of the F3 structures elsewhere in the study 

area. 

Finally, although the stretching lineation in the aureole trends 

N - S, rather than E - W as in the regional rocks, it is 

associated with sheath folds characteristic of Dz and with 

orientated fibrolite growth. The lineation is thus regarded as 

being formed during D2, synchronous with the emplacement of 

the DCD. The orientation of this lineation fabric may be related 

to an early Dez movement in a N - S sense or to the strain



related to the emplacement of the DCD. It is possible that the 

increased ductility of the heated aureole rocks may have led to 

an enhancement of the early De event whatever its cause. 

The balance of evidence favours the fabrics (foliation and 

: lineation) found in the aureole of the DCD being Dz in age. 

 



Preface 
References to sections of the thesis are marked as {_ }. 

Grid references are denoted by [GR... ...] and refer to Irish 

Ordnance Survey sheet 10 (Connemara), all falling within sub - 

zone L of the Irish National grid. 

Abbreviations used in the text 

DCD : Dawros - Currywongaun - Doughruagh igneous complex 

RBS : Renvyle - Bofin Slide 

CA : Connemara Antiform 

Abbreviations for mineral names are after Kretz (1983). 

Act: actinolite Ms: muscovite 

Alm: almandine Ol: olivine 

And: andalusite Or: orthoclase 

Ann: annite Opx: orthopyroxene 

An: anorthite Pg: paragonite 

Bt: biotite Phi: phlogopite 

Cpx: clinopyroxene Pl: plagioclase 

Cal: calcite Prp: pyrope 

Chl: chlorite Qtz: quartz 

Cld: chloritoid Sil: sillimanite 

Ctl: chrysotile Sps: spessartine 

Crd: cordierite Spl: spinel 

Ep: epidote St: staurolite 

Grt: garnet Tle: talc 

Grs: grossular Tur: tourmaline 

Kfs: K - feldspar Tr: tremolite 

Ky: kyanite Ts: tschermakite 

Lz: lizardite
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Chapter 4: Whole rock chemistry, petrography and mineral 

chemistry
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4.1 Metasedimentary and metaigneous lithologies 

4.1.1 Introduction 

Forty nine rocks were analysed by XRF {Appendix B} for their 

major (SiOz, TiOz, AleOs, FezO3, MnO, MgO, CaO, NazO, K20) 

and trace (Ba, Ce, Co, Cr, La, Nd, Ni, Pb, Rb, Sc, Sr, Th, V, Y, 

Zn, Zr) element concentrations (the results are tabulated in 

{Appendix  (}). The analysed rocks comprise 26 regional 

metamorphic pelites, 10 contact metamorphic pelites, with 7 

amphibolites and 6 ultrabasic ’pods’. 

Thirty five samples were made in to polished thin sections and 

their mineral compositions were analysed by electron microprobe 

techniques {Appendix B} with the results of analyses tabulated in 

{Appendix C}. The samples selected for this analytical method 

were typically garnetiferous pelites and semi - pelites, which 

show a range in mineral assemblages. Two main groups of 

metamorphic assemblages can be defined in the study area, one 

which is related to the aureole effects of the DCD, the ’contact 

assemblages’, and a second group which can be related to the main 

regional metamorphism, the ’regional assemblages’. 

The work undertaken in this study largely covers the pelitic 

and semipelitic lithologies, as the assemblages developed in 

these units enable the application of exchange thermobarometry 

and P - T path modelling methods {Chapter 5}. 

4.1.2 Whole rock Chemistry 

4.1.2.1 Amphibolitic lithologies: The amphibolitic 

material studied was sampled from either side of the RBS (2 

Kylemore Fm, 5 from the Doongill Amphibolite Mb of the 

Streamstown Fm). The compositions of these analyses on a ternary 

ACF plot (Figure 4.1) fall in to the field of Connemara striped 

amphibolite compositions of Evans & Leake (1960). The results of 

a statistical comparison (using F and t tests of significance) 

are shown in Table 4.1. This comparison shows the data from the 

study area to show significant correlations with Evans & Leakes’ 

data as far as the elements AlzO3, CaO, Na2O (1% 

significance) and TiOz (5% significance). The compositional 

data from the amphibolitic material suggests that they are
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Figure 4.1: ACF plot of analysed regionally metamorphosed 
amphibolitic lithologies and their relation to the Connemara 
striped amphibolite field defined by Evans & Leake (1960). 
Triangles indicate Kylemore Fm amphibolites. 

A 

Table 4.1: Statistical comparison (using F and t tests of 
significance) of analysed amphibolitic material with the 
Connemara striped amphibolite analyses of Evans & Leake (1960, 
Table 1). The mean and_ standard deviation of the data are 
also shown. 

Analysed Evans & Leake 
Element F t Mean s.D Mean 8.D 

$i02 ** - 49.18 1.58 48.88 8.82 
Ti02 = x 1.22 0.55 eto 0.60 
Al203 = **x 13.39 1.37 14.95 Lae 
FeOT * = 12.56 1.57 11.52 2.70 
MnO *x os 0.21 0.05 0.23 0.12 
MgO - * 7.59 1.42 6.52 2.30 
Cad xx x 8.96 1.03 3.60 1,05 
Na20 _ * 0.68 0.61 0.79 0.71 

= <95% correlation 

= >95% correlation 
= >99% correlation 

x 

xx
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similar in many respects to other amphibolitic material in the 

Connemara massif, and hence can be considered as ’Connemara 

amphibolites’. 

The ultrabasic pod material is interpreted as being related to 

the DCD and so is discussed in {4.2.2}. 

4.1.2.2 Pelitic lithologies: The pelitic rocks analysed can 

divided into two groups on the basis of their mineral 

assemblages, one group consisting of Kylemore Formation 

associated with the contact aureole of the DCD and containing: 

Grt + Bio + Pl + Kfs + Qtz + Sil assemblages. 

The other group consists of regional metamorphic pelites which 

are typified by the assemblage: 

Grt + Bt + Ms + Pl + St + Qtz t Tur ¢ Chl. 

The regional metamorphic pelites can be further divided into 

two groups, a group of Kylemore Formation pelites, and a group of 

pelites collected from lithologies which lie to the south of the 

Renvyle -  Bofin slide (predominantly Streamstown Formation 

pelites). 

The mean compositional values of the analysed rocks (Table 

4.2) are similar to the ’average pelite’ values calculated by 

Shaw (1956). The contact pelite data shows lower mean 

concentrations of TiOz, AlzO3, FeOT, MgO, CaO, 

NazO and K20 than the group of all pelites, the contact 

pelites being rather more siliceous. However if the contact 

pelite data is compared with regionally metamorphosed Kylemore 

Formation, the differences in mean element concentrations are 

rather less marked. Senior & Leake (1978) note that pelites in 

the south Connemara migmatite zone are depleted in SiOz 

relative to non - migmatitic northern pelites, the opposite of 

the relations observed here. Senior & Leake note that the causes 

of variation in major elements are equivocal and difficult to 

interpret, with primary sedimentary variation being a 

contributary factor. They do show the southern pelites to be 

relatively enriched in CaO and NazO (as seen in the contact 

pelites from the study area), and suggest that this is due to 

metasomatic effects either mobilising elements from the 

surrounding more siliceous metasediments, or partial melt 

processes leading to the relative concentration of CaO and



Figure 4.2: Thompson AFM projection (from muscovite) showing 
the field of regional metamorphic pelite compositions. 

A 

  
Figure 4.3: Thompson AFM projection (from K - feldspar) 
showing the field of contact metamorphic pelite compositions. 

A 

 



Na2O, 

The contact and metamorphic pelite data were compared 

statistically (F and t tests of significance) with each another, 

with the mean Scottish Dalradian pelite composition data of 

Atherton & Brotherton (1982) and with data from high (Sil / Kfs - 

bearing) and medium (St / Ms - bearing) grade pelites from 

Connemara (data from Yardley 1977c, Senior & Leake 1978 and 

Ferguson & Al - Ameen 1986). The results of these comparisons 

are shown in Table 4.3. 

The contact pelites have higher SiOz and TiOz: than 

both Scottish and the Connemara high grade pelites, higher MFM 

values than the Connemara pelites, and higher CaO than the 

Scottish pelites. The regional pelites are lower in SiOz, 

AlzOs, MgO, NazO and MnO than the Connemara lower 

grade pelites, and show a similar relation to the Scottish 

pelites although AlkOs is lower in the regional 

pelites. 

The fields defined by analysed pelitic lithologies on a 

Thompson (1957) AFM projection are shown in Figures 4.2 (regional 

pelites, projected from Ms) and 4.3 (contact pelites, projected 

from Kfs). The AFM fields defined by mineral compositions and 

the reaction topologies leading to the development of the mineral 

assemblages seen are discussed in {4.1.4}, along with the 

influence of whole rock composition on these assemblages. 

4.1.3 Mineral Textures and Chemistry: 

The descriptions and discussion of minerals in this section are 

confined largely to pelitic lithologies, covering both the 

regional and contact metamorphic grades. The mineral analyses 

for garnet, biotite, muscovite, chlorite, plagioclase, K - 

feldspar and staurolite are tabulated in {Appendix (C}. 

4.1.3.1 Garnet: Garnet is common within pelitic and 

semipelitic rocks throughout the study area, being developed in 

both regional and _ contact metamorphic rocks. The garnet 

population can be subdivided into two groups, those garnets 

developed in regional metamorphic assemblages (regional garnets), 

which show a range of forms from euhedral to anhedral and contain 

a variety of inclusion fabrics indicating syndeformational
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development {3.2.3}, and garnets developed in contact metamorphic 

assemblages (contact garnets). Garnet is typically developed as 

a dark red/brown sub to anhedral porphyroblast phase, generally 2 

- 5mm in size, but can reach up to 15mm in contact aureole 

lithologies. Euhedral garnets are rarely developed, although 

euhedral rhombdodecahedral and trapezohedral garnets can be found 

in highly micaceous pelites within the Streamstown [GR 661 606] 

and Kylemore [GR 695 631] Formations. Within the aureole of the 

DCD, garnets reach larger grain sizes than within the regionally 

metamorphosed rocks, xenolithic and contact lithologies being 

typically highly garnetiferous. Rare vein developments of 

garnets, within a Ms + Qtz + Tur vein, are seen in the 

Currywongaun gabbroic body [GR 721 597], although this lithology 

is probably related to mobilized xenolithic material within the 

gabbro. 

The typical fabrics within syn - deformational regional 

metamorphic garnets have been described previously {3.2.3} and 

will not be considered in this section. The textures seen in 

contact metamorphic garnets are different from those seen in syn 

- deformational garnets. 

Within the aureoles of the DCD garnets are variably 

poikiloblastic containing rounded and ~xenoblastic inclusions 

(Figure 4.4), although rare, apparently spherical inclusion 

trails are also evident (Figure 4.5). Similar trails were noted 

by Harvey & Ferguson (1973) in garnets from the regionally 

metamorphosed Kylemore Fm at Renvyle Point. They consider that 

such spherical trails, defined by elongate ilmenite plates, as 

being produced by garnet growth displacing the surrounding 

matrix, reorientating and then overgrowing ilmenite plates to 

produce a_ spherical shell of included material. Within the 

aureole garnets the inclusions are typically of fibrolitic 

sillimanite and quartz, although the overall appearance of the 

trail is identical to those described by Harvey & Ferguson. 

Garnets containing spherical trails are present within mylonitic 

lithologies, the garnet being wrapped by anastomosing foliae of 

sillimanite and quartz (Figure 4.6). This relation suggests that 

the initial garnet growth was static, displacing a passive matrix 

to produce the trails seen, and that subsequent to the inclusion 

of the trails the lithology was mylonitised at high temperatures
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xenoblastic inclusions (X 29) PPL. 
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Chapter 1: Introduction and regional setting



Figure 4.6: Garnets wrapped by fibrolitic sillimanite in 
mylonitic hornfels lithology (X 29) PPL. 

: Tie a Le Es Wy, : j pI Tee       
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Figure 4.7: Skeletal garnet within hornfelsic contact lithology 
with shape apparently controlled by grain boundaries (X 29) PPL. 
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Figure 4.8: Variation of Fett, Ca, Mn, Mg in garnet 
rims with Fe(ttan, Ca, Mn, Mg in whole rock for regional 
metamorphic lithologies. 
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Figure 4.9: Compositional zoning profiles in regional 
metamorphic garnets. Profiles given in percentage end member 
content ( @ Alm, @ Sps, O Prp, O Grs). Scale bars = 1mm. 
a, 68806 
b, 69229 
c, 69230 
d, 69236 
e, 69238 
f, 69277 
g¢, 69317 
h, 69623 
i, 71912 
j, 71923 
k, 71934 
1, 71941 
m, 71916 (1/2 profile)
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(Figure 4.9 continued) Compositional zoning profiles in regional 

metamorphic garnets. End member (Alm, Sps, Prp, Grs) in percent. 

Profile length scales in mm.
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(Figure 4.9 continued) 

metamorphic garnets. 

Profile length scales in mm. 
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Compositional zoning profiles in regional 
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(Figure 4.9 continued) Compositional zoning profiles in regional 
metamorphic garnets. End member (Alm, Sps, Prp, Grs) in percent. 
Profile length scales in mm.
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(Figure 4.9 continued) Compositional half profile in regional 
metamorphic garnet. End member (Alm, Sps, Prp, Grs) in percent. 
Profile length scale in mm.
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with syndeformational (D2) development of sillimanite 

{4.1.3.8}. 

Within non - mylonitic aureole lithologies, garnets often 

display skeletal forms suggesting that garnet growth was 

controlled by pre - existing grain boundaries (Figure 4.7). 

In considering the chemistry of garnets in the study area the 

regional and contact aureole garnets will be discussed 

separately. 

Regional garnets are typically almandine rich although there 

is a wide range in element concentrations (as end members), from 

51% to 82% for Alm, <1% to 22% for Grs, 1% to 13% for Prp and 

<1% to 27% for Sps. The mean formula for all the analysed 

regional garnets (based on 24 oxygens) is: 

Fe 419 Ca oss Mg o.37 Mn oso Ala Sis Ova 

The variation in composition cannot be wholly ascribed to the 

variation in lithological composition (Figure 4.8), as plots of 

the element concentrations in garnet rims against whole rock 

element concentrations show only slight linear relations for 

Fe2* and Mg. 

Element concentration profiles across regional metamorphic 

garnets (Figure 4.9) reveal the existence of compositional 

zoning. 

The zoning in almandine (Alm, filled squares on Figure 4.9) is 

characterised by low values in garnet cores, increasing outwards 

to maximum values at the garnet rims. The magnitude of the 

variation is typically 15%, with the Alm - poor garnets showing 

core to rim variation from 55% to 70%am and Alm - rich 

garnets ranging from 65% to 80%am. Certain of the garnets 

show variations from this simple pattern: 

68806 (a, Fig 4.9) shows a high value of Alm in the core which 

then decreases outwards to a minimum value and then shows an 

increase towards the rim. 

69299 (b, Fig 4.9) the variation of Alm content in this garnet 

falls slightly from the core to a minimum value of 66 - 67% and 

then increases towards the rim. 

69236 (d, Fig 4.9) This garnet shows an increase in Alm from 70% 

in the core to a maximum of 74% at approximately 1/2 the radius, 

and then decreases towards the rim. 

It should be noted that, although the overall trend in Alm



zoning is typically symmetrical within a particular garnet, the 

absolute values of the variation often show no clear symmetry. 

The zoning also shows no clear relation to the inclusion fabrics 

developed within the garnets, suggesting that the inclusion 

fabric did not interfere with the development of the 

compositional zoning. 

Spessartine (Sps, dots on Figure 4.9) zoning in regional 

garnets shows a similar magnitude to Alm, Sps showing a variation 

of up to 15%, although the maximum Sps contents are considerably 

lower than Alm (Sps shows maximum values of <20%). The general 

trend in Sps zoning is from high values in the garnet cores to 

low values in the rims. This variation is typically smooth in 

nature and the profiles are often ’bell’ shaped (e.g. 69230, 

69277, 71912, 71934, 71941, c, f, i, k, l in Fig 4.9). Three of 

the zoning paths (69230, 69236, 69238) show compositional 

profiles in which the concentration of Sps decreases from the 

core to a minimum at approximately 1/3 of the garnet radius from 

the rim, giving a central bell shaped profile, Sps values then 

increase towards the rim itself. The profiles are again largely 

assymmetric and the variation in Sps appears unrelated to 

inclusion fabrics, although in 69230 the increase in Sps at the 

garnet rim is associated with an inclusion - poor zone near the 

garnet rim. 

Pyrope (Prp, open squares on Figure 4.9) contents of the 

garnets show a much more restricted range of variation than Alm 

and Sps, although the general trend is from lower values in the 

cores to higher values in the rims (similar in style to Alm). 

The magnitude of this variation is typically less than 5%. 

The magnitude of variation in grossular (Grs, open circles on 

Figure 4.9) contents of garnets is comparable to Alm and Sps with 

variation of up to 15%, although the zoning profiles are 

typically complex in nature. The style of Grs zoning can be 

subdivided into four groups: 

(i), zoning profiles in which the variation in Grs is sympathetic 

to Sps (highest in core, lowest at rim, garnets 68806, 69229, 

69317, 69623, 71934, a, b, g, h, k in Fig 4.9). The detailed 

trends for each of these garnets show a degree of variation from 

this simple trend. 

(ii), zoning profiles in which Grs variation is sympathetic to
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Figure 4.10: Alm V. Sps plot for regional garnets. 
30 
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Figure 4.11: Prp V. Grs plot for regional garnets. 
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1.1 Geographic setting 

Connemara is the westernmost region of County Galway and lies 

on the Atlantic coast of the Irish Republic (Figure 1.1). The 

study area lies to the north - west of the Twelve Bens group of 

mountains and is bounded to the north and west by the Atlantic 

coast, to the south by the N59 Clifden to Westport road and to 

the east by the mountains of Altnagaighera and Garraun. The 

bulk of the study area has a relatively low ( <50m), but rugged, 

relief, with three main peaks: Tully Mountain (358m) which forms 

an NW trending ridge on the Renvyle peninsula; Currywongaun 

(275m) and Doughraugh (536m) which lie on the north side of the 

Kylemore valley. 

Exposure is highly variable, much of the low-lying land being 

blanketed by peat bog and thus poorly exposed, and the north - 

eastern corner of the area having a thick cover of glacial drift 

which reduces the exposure to a narrow, largely continuous, 

coastal strip. The higher ground is generally better exposed 

with 70% to total exposure on Tully Mountain, Currywongaun and 

Doughraugh, although the flat area between and to the north of 

Currywongaun and Doughraugh is peat covered and lacking in 

exposure. 

Access is generally good, with much of the area being within 

lkm of a road or track, although after heavy rain the areas of 

peat bog are often passable only with extreme care. Connections 

with Galway and Westport are good with the N59 passing through 

the main settlement, Letterfrack. 

1.2 Geological setting 

The rocks of the Connemara massif (Figure 1.2) consist of a 

multiply deformed sequence of pelitic, psammitic, calc-silicate, 

amphibolitic, and quartzitic metasedimentary and metaigneous 

rocks, correlated on a lithostratigraphic basis (Kilburn, 

Shackleton & Pitcher 1965) with the Appin and Argyll Groups of 

the Dalradian of Scotland. The stratigraphy is established over 

much of Connemara (e.g. Tanner & Shackleton 1979, Treloar 1982, 

Leake 1986). A range of intrusive rocks, from syn - 

deformational basic and ultrabasic (Leake 1970b), to extensive 

late/post - tectonic granitic bodies (Townend 1966), are present 

within the metasedimentary sequence.



Alm (lowest in core, highest at rim, garnet 69277, f in Fig 4.9). 

In this garnet the Alm profile is not a simple curve but the 

variation in Grs tends to follow the same overall trend. 

(iii), ’Flat’ profiles in which Grs variation is restricted 

(71923, 71941, j, l in Fig 4.9). 

(iv), More complex, often assymetric profiles where the Grs 

values show no clear relation to the other end member profiles 

(garnets 69230, 69236, 69238, 71912, 71916, c, d, e, i, m in Fig 

4.9). 

The overall nature of compositional zoning in the regional 

garnets analysed is for low Alm and Prp along with high Sps 

contents in the garnet core, with high Alm and Prp along with low 

Sps at the garnet rim. The Sps zoning is often characterised by 

a bell shaped curve. Grs zoning is rather more complex in nature 

and cannot be simply characterised for the whole group of 

garnets. It should be noted that a degree of variation from 

these simple trends exists within the analysed garnets. The 

overall style of compositional zoning developed in the regional 

metamorphic garnets studied here is commonly seen in garnets from 

low and medium grade metamorphic terrains (Tracy 1982) and 

referred to as ’normal’ zoning. 

The antipathy between Sps and Alm noted in the zoning profiles 

can also be seen in a_ plot of Alm V. Sps (Figure 4.10) which 

reveals the expected negative relation. A similar negative 

relation is also seen, albeit to a lesser extent, between Grs and 

Prp (Figure 4.11). 

Contact garnets are also almandine rich and show a wide range 

of compositional variation of the components (as end members) 

with ranges of 80% to 46% for Alm, 3% to 16% for Grs, 6% to 26% 

for Prp and 1% to 33% for Sps, and have a mean formula (based on 

24 oxygens) of: 

Fe 405 Ca oas Mg 1.10 Mn o.51 Ala Sig Ova 

Like the regional metamorphic garnets the variation in 

composition in the contact garnets shows only limited relation to 

whole rock composition (Figure 4.12). 

Zoning profiles through garnets developed within aureole 

lithologies (Figure 4.13) show less compositional variation than 

those seen in regional garnets, with core to rim variation in 

Alm, Sps, Prp and Grs typically being <5%. Despite this lack of
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Figure 4.12: Variation of FeO, MnO, MgO, CaO in garnet rims with 
FeOT, MnO, MgO, CaO in whole rock for contact metamorphic 
lithologies. 

FeOT 10 
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Figure 4.13: Compositional zoning profiles in contact 
metamorphic garnets. Profiles given in percentage end member 
content (8 Alm, @ Sps, 0 Prp, O Grs). Scale bars = Imm. 
a, 66795 
b, 68780 
c, 68793 (1/2 profile) 
d, 68799 
e, 68804 
f, 69215 
g, 69219 
h, 69635



128 

   
OO 

% oO Oo sx 
Oo 

30 ° 

E 
mn Oo Oo o00 

5 

C@qg © Se 4 3 
0 

75 s a 
| a . ‘s wr 

70 

Imm 

a 
b 

(on) O oOo a 

So 

30 ° i a 

e a o o 9 of § 
Be 10 

   Profile Jength    
SSSR ea EP rest TN!) 1!) 

(Figure 4.13 continued) Compositional zoning profiles in contact 

metamorphic garnets. End member (Alm, Sps, Prp, Grs) in percent. 
Profile length scales for garnets a, b, and c, in mm, scale for 
garnet d is in u.
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(Figure 4.13 continued) Compositional zoning profiles in contact 

metamorphic garnets. End member (Alm, Sps, Prp, Grs) in percent. 

Profile length scales in mm. 
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compositional variation in garnets the antipathy between Alm and 

Sps (Figure 4.14) and Prp and Grs (Figure 4.15) remain apparent. 

Almandine’ profiles (Alm, filled squares on Figure 4.13) 

through contact garnets generally show limited variation in 

composition, although the slight variations present fall into 

three groups: 

(i), Garnets where Alm values are low in the cores and high at 

the rims (66795, 68804, 69635, a, e, h in Fig 4.13). 

(ii), Garnets in which Alm concentrations fall from core to rim 

(68793, 68799, 69215, 69219, c, 4d, f, g in Fig 4.13). Two of 

these garnets (69215, 69219) show evidence of Alm increase at the 

rim, the minimum concentrations being developed inside the rim. 

(iii), One garnet (68780, b in Fig 4.13) in which the Alm values 

increase from a minimum in the core to maximum values inside an 

inclusion rich zone (this zone represents the spherical inclusion 

trail discussed earlier), the values of Alm then fall between 

this inclusion zone and the rim. 

Spessartine (Sps, dots on Figure 4.13) variation is again 

restricted in its variation, typically defining ’flat’ profiles 

with <3% variation (66795, 68780, 69215, 69219, 69635). In those 

garnets where variation is more evident, the variation in Sps 

either decreases (68793, 68804) or increases (68799) from core to 

rim. 

Pyrope (Prp, open squares on Figure 4.13) variation in contact 

garnets generally has the appearance of flat ( <2% variation) 

profiles, although certain of the garnets do display some degree 

of zoning. High values of Prp in garnet cores and low values at 

the rims are evident in garnets 66795, 68799, 68804, with the 

opposite being the case in garnets 68780, 68793, 69215, 69219, 

69635. Certain of the garnets which show low Prp in their cores 

(68780, 69215, 69219) display slight fall in Prp at the rim, with 

the maximum Prp concentrations being developed inside the rim. 

The variation in Grossular (Grs, open circles on Figure 4.13) 

is rather more simple in nature than that developed in regional 

garnets, the profiles showing slight and relatively regular 

variations. The Grs profiles of garnets 68780, 68804, 69219 and 

69635 show increased Grs_ in their cores with the concentration 

falling towards the rim. In garnets 68780, 68804 and 69219 the 

minimum concentration of Grs occurs inside the rim, and slight
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Figure 4.14: Alm V. Sps plot for contact garnets. 
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Figure 4.15: Prp V. Grs plot for contact garnets. 
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increase in Grs_ is seen near to the rim. Garnets 66795, 68793, 

68799 and 69215 show a slight tendency towards lower Grs in their 

cores and higher values at the rims, although the range of 

variation is very low. 

The zoning patterns developed in contact garnets can be 

divided into two groups, a group which show, albeit to an 

attenuated degree, normal zoning (66795, 68804), and a second 

group (68793, 68799, 69215, 69219) which show slight zoning in 

Alm and Sps end members, where Alm concentrations are high in the 

garnet core and low in the rims, with Sps showing an antipathetic 

relation to Alm. Such zoning is the reverse of that developed in 

normally zoned garnets and is (logically) referred to as 

‘reverse’ zoning (Tracy, 1982). 

A variety of models have been proposed to explain the 

development of normal zoning by preferential partitioning of 

elements (Mn and Ca being prefered to Fe and Mg) into garnet 

during growth (e.g. Hollister 1966, Atherton 1968). Such models 

typically concentrate on the partition of Mn into a growing 

garnet. As the concentration of Mn within typical pelitic 

lithologies is relatively low any preferential partition of Mn 

into garnet will lead to a depletion of Mn from the surrounding 

rock, As the garnet continues to grow it continues to extract Mn 

from the matrix, which is now relatively depleted in this 

element. In order to continue growth, the garnet draws on other 

suitable elements such as Fe. Such a process results in a garnet 

with a core enriched in Mn (Sps), the Mn content falling towards 

a minimum at the garnet rim. The Fe content (Alm) of such a 

garnet will be minimum in the core rising to a maximum at the 

rim. A similar process’ is considered to occur in the 

substitution of Ca (Grs) and Mg (Prp), with Ca _ being 

preferentially fractionated relative to Mg, although the controls 

on availability of these elements are rather more complex than 

for Mn because Ca and Mg are _ involved in other phases (e.g. 

plagioclase, biotite, epidote) in the assemblage. These models 

rely on the garnet behaving in a refractory manner after its 

growth; ie, the diffusion rates within garnet are such that once 

incorporated into a garnet elements no longer take any part in 

the reaction system. This isolation of elements within garnets 

during growth has implications for the use of garnets as
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’recorders’ of the evolution of an assemblage, because the 

composition of the rim of the garnet will, at any time in the 

development of the assemblage, be controlled by the composition 

of the external assemblage and its P - T conditions. This 

relation is used as the basis for the P - T path modelling method 

of Spear & Selverstone (1983) {5.5}. 

The profiles resulting from the development of garnets by a 

partition process during growth are typically ’bell - shaped’ and 

the garnet core is enriched in Sps and Grs, and the rim being 

depleted in these end members and enriched in Alm and Prp (Figure 

4,16). 

The zoning profiles seen in regional garnets typically show 

relatively smooth variation in end member concentrations 

(excepting Grs) suggesting that the development of garnet was not 

controlled by univariant (crossing tie-line) reactions, but 

occurred during continuous exchange reactions (Tracy 1982). When 

plotted on ternary diagrams in the method suggested by Tracy 

(1982) the core to rim variations in end member concentrations 

(Figure 4.17) show zoning trends consistent with garnet growth 

being due to a single reaction. The majority of the paths show 

an overall increase in Alm (with relatively constant Prp) with 

falling Sps (and Grs) for core to rim. These paths show the 

similarity in trends of element concentration within garnets from 

different lithologies. AFM topologies {4.1.4} suggest that the 

peak assemblage Grt + St + Bt was produced by the consumption of 

chlorite in a reaction leading to the formation of a tie - line 

defining the field Grt + St + Bt (the staurolite + biotite 

isograd of Carmichael, 1970). Certain of the paths show an 

increase in Sps at the garnet rim. This style of zoning was 

modelled by Kretz (1973) and Trzienski (1977) as being due to 

garnet growth involving the consumption of Mn bearing chlorite. 

In such models the diffusion rate of Mn in chlorite is considered 

to be greater than the rate of reaction with the result that the 

core of the chlorite becomes relatively enriched in Mn during the 

removal of chlorite from the reaction system. When the remnant 

chlorite is finally consumed it releases Mn into the reaction 

system, resulting in an increase in Mn (Sps_ end member) in 

garnet. 

The ternary plot (Figure 4.17b) of Alm, Grs and Prp shows an
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Figure 4.16: Typical zoning profile seen in regional 
metamorphosed garnet (Hollister 1966). 
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Figure 1.1. Location and key features of the study area. 
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Figure 1.2. Simplified geological map of Connemara {after Leake, Tanner & Senior 1983. 1: Basic and ultrabasic igneous bodies, 2: Migmatitic and synorogenic intrusive lithologies, 3: Middle to Upper Argyll Group Dalradian lithologies (Lakes Marble, Streamstown, Ballynakill and Cornamona Formations), 4: Lower Argyll and Appin Group Dalradian lithologies (Bennabeola Quartzile, Cleggan Boulder Bed, Barnanoraun, Connemara Marble and Clifden Formations), 5: Kylemore Formation. RBS: Renvyle - Bofin Slide.



Figure 4.17: Ternary plots of end member concentration in 
regional garnets (after Tracy 1982): 
a, Alm, Sps, Prp ternary diagram, 
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increase of Alm, with constant or falling Prp, and decreasing Grs 

from core to rim. Some of these paths are slightly more complex 

than the Sps paths, but the overall compositional trend for 

regional metamorphic garnets remains relatively consistent. 

The preservation of zoning within garnets requires that the 

intracrystalline diffusion rate is sufficiently slow to allow 

compositional gradients to persist. The rate of cation diffusion 

in garnet is largely temperature controlled (Lasaga 1983) and it 

is suggested (Yardley 1977a)that at temperatures below 640° 

C + 30° C diffusional re - equilibration of 

compositional zoning in garnet is not significant. The regional 

pelitic assemblages containing compositionally zoned garnets in 

the study area yield mean temperatures (calculated by exchange 

thermobarometry {5.4}) of 510 ! 65° C suggesting 

that the zoning represents an original growth feature and not the 

effects of intracrystalline diffusion. 

At temperatures above 640° C : 30° CG, at 

or near the the Sil + Kfs - in isograd (Tracy, 1982), the effects 

of cation diffusion in garnet become increasingly significant 

with the effect that chemical gradients within garnets tend to be 

reduced. The mean temperatures calculated by cation exchange 

thermometry {5.4} for contact aureole rocks are 769 + 

95° C for sillimanite - bearing, and 695 + 

64° for non - sillimanite - bearing assemblages. These 

results suggest the temperatures developed in the aureole were 

sufficiently high to allow intracrystalline diffusion processes 

to be significant. At such temperatures it is possible that any 

pre - existing compositional zoning could be lost, the garnet 

tending to become compositionally homogeneous. Incomplete 

homogenisation of pre - existing compositional zonation results 

in ‘flattened’ zoning profiles (Anderson & Olimpio, 1977), where 

profiles retain the form of any initial compositional variation 

but the magnitude of variation is greatly reduced from the 

Joriginal’ profile. The restricted compositional ranges evident 

within the normally zoned contact garnets (66795, 68804) are 

likely to be the result of diffusional homogenisation of 

compositional zoning. 

The reverse zoned profiles seen in garnets 68793, 68799, 69215 

and 69219 are also the result of diffusional zoning, with
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Figure 4.18: Ternary plots of end member concentration in 
contact garnets (after Tracy 1982): 
a, Alm, Sps, Prp ternary diagram. 
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Figure 4.19: Biotite developed in S2 foliation (X 29) PPL. 

  
Figure 4.20: Irregular decussate biotite developed within 
aureole lithologies (X 29) PPL. 
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Figure 4.21: Porphyroblastic biotite within regional 
metamorphic lithologies (X 29) PPL. Note the pleiochroic 
haloes developed around included zircon frains. 
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Figure 4.22: Regional Metamorphic MFM biotite V. MFM whole 
rock 
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diffusion occurring during the retrograde stage of metamorphism. 

Two main mechanisms for the production of reverse zoning are 

suggested, cation exchange between garnet and coexisting 

ferromagnesian minerals (mainly biotite) during retrogression 

(Tracy, Robinson & Thompson 1976), and the retrograde resorption 

of garnet rims with Mn selectively diffusing into the garnet rim 

and enriching it (De Bethune 1975)* The garnets with reverse 

zoning show no clear evidence of retrogression, but are 

associated with ferromagnesian minerals (biotite), suggesting 

that retrograde cation exchange effects have produced the zoning. 

The reaction invoked by Tracy et al. (1976): 

Grt + Kfs + H2O0 = Bt + AleSiOs + Qtz 

results in the effective depletion of the garnet rim of Fe. 

Ternary plots of the contact garnet data (Figure 4.18) yield 

core to rim paths different in form to those seen in regional 

garnets. The relative shortness of the paths reflects’ the 

relative homogeneity of aureole garnets. An overall increase in 

Alm with falling Sps is apparent, although Prp shows more 

variation than in regional garnets. The paths for garnets 68780, 

68799, 69219 show the increase in Sps seen in their profiles. 

The form of these ’tails’ of Sps enrichment is identical to those 

described by Tracy (1982) as being due to retrograde cation 

exchange between garnet and biotite, further indicating that this 

mechanism is likely to be the cause of the zoning. 

* De Bethune, Laduron & Bocquet (1975) 

4.1.3.2 Biotite: Biotite is common throughout the study 

area, being developed in pelitic and semipelitic lithologies with 

both regional and contact metamorphic assemblages. A wide range 

of crystal habits are developed, ranging from subhedral foliation 

parallel forms within regional lithologies (Figure 4.19) to 

decussate anhedral crystals within granoblastic aureole 

lithologies (Figure 4.20). 

Biotite within regionally metamorphosed schistose lithologies 

is typically fine grained ( >0.5mm) with porphyroblastic grains 

up to 2mm sometimes being present (Figure 4.21). Inclusion 

fabrics within biotites are rare, although randomly orientated 

zircon grains are seen (Figure 4.21). Biotite is developed 

within the dominant regional fabric (Sz) and shows evidence 

of deformation (strained grains) in S3 crenulation fabrics
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Figure 4.23: Fe2 + Mg V. AIVI + Ti in all analysed biotites 
showing the relation to ideal biotite compositions (dots 
represent regional biotites, triangles represent contact 
biotites). 
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Figure 4.24: Mesh of fine rutile needles developed in contact 
biotite (X 110) PPL. 
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Figure 4.25: Contact biotite MFM V. MFM whole rock. 
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Figure 4.26: Ti V. MFM in all biotites (dots represent 
regional metamorphic biotites, triangles represent contact 
biotites). 
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{3.2}. It also occurs within the mylonitic fabrics associated 

with ductile displacement on the RBS {3.3}. Where Sz: 

biotite fabrics are strongly deformed by Ss: the biotites are 

often replaced by chloritic micas {4.1.3.4.}. Where unaffected 

by such replacement regional biotites are strongly yellow to red 

- brown pleochroic, a colouration suggestive of either high 

Fe?* or Ti compositions (Guidotti 1984). Where chloritic 

retrogression of assemblages is evident biotites are often green 

to brown pleochroic, suggesting higher ferric iron than those 

biotites within less retrogressed lithologies. 

The mean formula of the regional metamorphic biotites is: 

Ki.07a Mgi.ss9 Fe2.es6 Tio.rss Al¥4o.648 Al!¥1.116 Sis.s61 O20 (OH)2 

No evidence for compositional zoning in individual biotites was 

found. 

The MFM ratios for regional biotites range from 0.225 to 

0.561, with a mean of 0.397. No direct correlation is apparent 

in a plot of MFM ratios in biotite and MFM whole rock, the data 

being somewhat clusters (Figure 4.22), 

The substitution of AI! + Ti for Fe + Mg in octahedral 

sites is well documented (e.g. Guidotti 1984) and shows a strong 

linear negative relationship in the analysed biotites (Figure 

4.23). The TiOQze contents of the regional metamorphic 

biotites show a relatively wide range, from below detection 

limits to 2.892 wt%. The presence of a coexisting Ti rich phase, 

ilmenite, suggests that biotites are Ti - saturated. The 

occurrence of ilmenite also suggests (Guidotti 1984) that the 

lithology is relatively low in ferric iron, an observation which 

supports the compositions suggested by the biotite colours. 

In contrast to the limited variation in form seen in regional 

metamorphic  biotites, those developed in contact aureole 

lithologies display a wide range of textures. Within 

granoblastic lithologies, biotites reach grain sizes up to 2mm, 

with 0.5 - 1 mm grains being most common. These grains show no 

prefered orientation, although where a pre ~- existing 

compositional banding is developed variably orientated biotites 

replace the original phyllosilcates. In granoblastic lithologies 

the development of fibrolite and prismatic sillimanite is often 

associated with biotite grains {4.1.3.8}. Where mylonitic 

fabrics are present in aureole lithologies {3.2.2.4, 3.4} biotite
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and sillimanite are developed in anastomosing zones which wrap 

porphyroclastic/blastic garnets and feldspars. The biotite and 

sillimanite zones are interpreted as representing high strain 

zones (after Vernon 1987) within the mylonitic lithology 

{4.1.3.8}. 

Inclusion fabrics within aureole biotites are rare, although 

fine meshes of rutile needles are seen (Figure 4.24) in basal 

sections. These rutile inclusions are apparently 

crystallographically controlled, suggesting that the rutile is 

either intergrown with, or exsolved from, the biotite. The 

colour of contact aureole biotites is generally strongly 

pleochroic yellow to red - brown, although in lithologies where 

hogbomite is present the pleochroism tends to greener brown 

colours, suggesting a relatively oxidising environment was 

prevalent during the development of the mineral assemblage. 

The mean formula of contact hiotites is! 

Ki14a7 Mgio23 Fe2.as1 Tio.z3a Al¥12,.470 Al!¥i1.132 Sis.s3a Ozo (OH)2 

No evidence for compositional zoning in biotite grains was seen. 

The range in MFM ratios for contact biotites is from 0.201 to 

0.767, with a mean of 0.443, and as with regional biotites no 

clear correlation between MFM in biotite and in whole rocks MFM 

is apparent (Figure 4.25). The mean Ti concentrations in contact 

biotites is somewhat higher than in regional biotites, with a 

range from below detection limits to 6.419 wt%. The presence of 

rutile within biotites suggests that the biotites are Ti - 

saturated. The association of higher Ti content in biotite with 

coexisting rutile with higher metamorphic grade is. well 

established (e.g. Kwak 1968, Dymek 1983). A plot of MFM against 

Ti for regional and contact biotites (Figure 4.26) shows the 

wider range of Ti contents in contact biotites. It is possible 

that the spread of Ti content in contact biotites may be due to 

down temperature re - equilibration of Ti - rich contact biotites 

to give a Ti mineral and Ti - poor biotite. The Ti contents of 

contact biotites which are associated with rutile meshes are 

lower than biotites in the same rock which show few or no rutile 

inclusions, suggesting that the development of rutile has 

resulted in the loss of Ti from the biotite, possibly through 

exsolution.



The massif shows a complex structural history. The main 

regional structure is the E-W trending, open, Connemara antiform 

(Fe Tanner & Shackleton 1979) around which are deformed 

features produced in two earlier deformational events. E-W 

trending Fs folds (the ’Glencoaghan’ phase of Tanner & 

Shackleton) deform an earlier set (Fz) of southerly closing 

and facing nappe-scale folds (the ’Derryclare anticline’ 

phase, Tanner & Shackleton; Leake, Tanner, Singh & Halliday 

1983). The Fs folding possibly represents a northerly 

directed ‘backfolding’ event post-dating the emplacement of the 

De structures (Ferguson & Al-Ameen 1986). Mesoscopic 

evidence for D: is limited, the main evidence for the 

existence of this event being microscopic, and based on the 

existence of pre - De fabrics preserved within MS2 

garnets (e.g. Badley 1976, Treloar 1982). The existence of 

tectonic slides which disrupt and thin the stratigraphic sequence 

has been proposed (Tanner & Shackleton 1979). One such slide, 

the Renvyle - Bofin slide (RBS) (Cruse 1963), runs through the 

study area. This slide separates a sequence of psammites, 

semi-pelites, and pelites (the Kylemore Formation, Morris & 

Tanner 1977) containing basic and ultrabasic igneous bodies (the 

Dawros - Currywongaun - Doughruagh igneous complex, DCD), against 

a well stratified sequence of metasediments (the Ballynakill, 

Lakes Marble, Streamstown, and Bennabeola Quartzite Formations of 

Tanner & Shackleton 1979). 

Leake, Tanner, Singh & Halliday(1983) noted the existence of a 

major ductile thrust zone (the Mannin Thrust) in southern 

Connemara and postulated that this feature ran under the whole of 

Connemara, with the massif being emplaced southwards ( >50km), 

over a now deformed and metamorphosed sequence of possibly 

Ordovician acid volcanics (the Delaney Dome Formation). Leake 

et al. (1984) concluded that this southerly directed 

emplacement was associated with major uplift and occurred at 

454Ma either during the late stages of, or immediately after, 

Da. The existence of such a major displacement zone, which 

is considered to underlie the entire massif, has led to the 

interpretation of Connemara as a major allochthon. 

The metamorphic evolution of Connemara (Yardley, Barber & Gray 

1987) shows a simple two phase development:



4.1.3.3 Muscovite: Muscovite is developed in a wide range 

of lithologies throughout the study area. With biotite it 

defines the Sz foliation in regional metamorphic pelites and 

semipelites (Figure 4.27) {3.2}. Muscovite is often absent from 

sillimanite bearing aureole lithologies, K - feldspar being 

developed instead {4.1.3.6}. In the migmatitic aureole 

lithologies, muscovite is commonly present as a porphyroblastic 

phase, most apparent in quartz - tourmaline - muscovite veins and 

segregations. The porphyroblastic muscovites are typically sub 

to euhedral, and can reach grain sizes of up to 20 - 30mm, 

although 3 - 5mm porphyroblasts are more usual. Porphyroblastic 

muscovites occurring within foliated lithologies are less regular 

in form than those developed in vein associations (Figure 4.28). 

The mean composition of regional muscovites is: 

Ki.621 Nao.212 Feo.zss Mgo.1o6 Al’¥1.758 Sis.zaz Al¥!3.640 O20 (OH)2 

Contact muscovites have a mean composition of: 

Ki.798 Nao.os3 Feo.2cs Mgo.ose Al!¥1.795 Sis.20s Al¥!3.160 O20 (OH)2 

Analyses of muscovite are tabulated in {Appendix C}. The 

compositions of both the regional and contact muscovites suggest 

that both phengitic (Mg) and paragonitic (Na) substitutions are 

present, Values of Si: Al’Y in excess of 3 indicate that 

muscovites contain phengite (Deer, Howie & Zussman 1966), The 

analysed muscovites yield mean values of 3.550 for regional 

muscovites and 3.456 for contact muscovites. A plot of AI¥! 

v. (Fe** + Mg) (Figure 4.29) shows that the degree of 

phengitic substitution is relatively low, the bulk of analyses 

plotting near to muscovite composition. Paragonitic substitution 

in muscovite occurs when Na replaces K, and a plot of K v. Na for 

muscovites containing Na (Figure 4.30), although showing a degree 

of scatter (probably due to either probe error or lattice 

vacancies), has the expected inverse ratio between the two 

cations. 

Figure 4.31 shows a plot of Al content against (Fe + Mg + Si), 

the primary octahedral cations, and indicates that the data plot 

close to an ideal Tschermak substitution although they are 

displaced away from the ideal. This scatter away from the ideal 

Tschermak line may be due to dioctahedral -  trioctohedral 

substitution, to the presence of minor amounts of Fe, or 

to the effects of probe error. As noted in {4.1.3.2} evidence
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Figure 4.27: Muscovite in Sz foliation (X 110) PPL. 
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Figure 4.28: Porphyroblastic muscovite in migmatitic contact 

aureole lithology (XK 29) PPL. 
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Figure 4.29: All V. (Fe?* + Mg) plot showing the 
degree of phengitic substitution in muscovite (P = phengite, M 
= muscovite, dots regional muscovites, triangles contact 
muscovites). 
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Figure 4.30: K V. Na in muscovites (dots = regional 
muscovites, triangles = contact muscovites). 

1-0 

©0°5 
2 

 



148 

Figure 4.31: (Al"! + Al¥) V. (Fe** + Mg + Si) 
in analysed muscovite showing the spread of data away from the 
ideal Tschermak line (dots indicate regional metamorphic 
muscovite, triangles muscovite developed in contact 
lithologies). 
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Figure 4.32: Chloritic replacement of biotite in Sz 
foliation (X 110) PPL. 
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for ferric iron within the contact lithologies can be seen, and 

it is evident from Figure 4.31 that the contact muscovite data 

(triangles) plot to one side of the ideal line, suggesting that 

one mechanism (ferric iron substitution ?) is dominant in these 

lithologies. 

In the contact aureole lithologies, muscovite is generally 

absent from K - feldspar bearing assemblages, suggesting that 

muscovite breakdown has occurred. The mean temperature and 

pressure obtained for sillimanite bearing (Ms absent) assemblages 

is 769° C at 6.7 kilobars, which lies on the K - feldspar + 

sillimanite + H20 side of the muscovite + quartz breakdown 

curve of Chatterjee & Johannes (1974). The actual placement of 

this breakdown curve relies on the relation of PH20 to 

Protas Treloar (1985), in considering the aureole rocks of 

the south Connemara ultrabasic bodies, suggests the value of 

PH20 to be less than Protai. 

PH2O : Ptota ratios less than one would tend to 

shift the breakdown curve to higher temperatures for a given 

pressure, and, if the south Connemara aureole conditions relate 

to those seen in the study area, suggest that conditions suitable 

for muscovite breakdown may not have been present throughout the 

aureole lithologies. Such conditions may explain the occasional 

coexistence of muscovite and K -— feldspar within sillimanite 

bearing assemblages {4.1.3.6}. 

4.1.3.4 Chlorite: The development of chlorite in the study 

area is largely retrograde, although rare, textural relations 

suggest that primary chlorite may occur locally. Chlorite is 

typically developed as an alteration product of biotite or 

garnet. Within regional metamorphic lithologies the replacement 

of biotite by chlorite is often restricted to biotites which are 

crenulated in Ss fabrics {3.2} (Figure 4.32). Chlorite is 

developed at the margins and along the cleavages of such 

biotites. The chlorite which replaces biotites in foliated 

lithologies shows a variety of habits, ranging from orientated 

intergrowths with biotite to decussate aggregates. Chloritic 

replacement of garnets results in ’clots’ of chlorite which mimic 

the original form of the garnet (Figure 4.33). 

Within the reactivated (syn - D3) shear zones developed
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Figure 4.33: Chloritic clots replacing garnet (X 56) PPL. 
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Figure 4.34: Chlorite developed in reactivated mylonitic 

lithology (X 56) PPL. 

 



Figure 4.35: Si V. Feta plot (after Hey 1954) for 
classification of chlorite compositions showing analysed 
chlorites. (Pth = psuedo - thuringite, C = corundophilite, 
Dph = daphnite, R = ripidolite, Cl = clinochlore, B = 
brunsvigite, P = pycnochlorite, Pe = penninite, D = 
diabantite, Tc = talc - chlorite). 12 
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Figure 4.36: Plagioclase feldspars developed in foliae in 
schistose regional metamorphic lithology (X 56) XPL. 
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in aureole lithologies {3.2.2.4, 3.4.1.4} chlorite is found in 

anastomosing zones within the mylonitic fabrics (Figure 4.34). 

The mean composition of chlorites within the study area is: 

Fes.i4a4 Mga.6s1 Al¥!2.771 Al!¥2.419 Sis.ses O20 (OH)2 

Minor amounts of Ti (0.095), Mn (0.026), Ca (0.012), Na 

(0.033) and K (0.022) are present in the mean formula, being 

present in some of the analysed chlorites. The octahedral site 

occupancy (Al! + Fe + Mg + Mn + Ca + Na + K) shows a range 

from 9.897 to 11.912, the mean composition being 11.659. Values 

of octahedral site occupancy of <12 indicate that the chlorite 

may be partially di - octahedral (Deer et al. 1966). The 

occurrence of Mn, Ca, Na and K in some of the analyses, along 

with values of Al‘! > AllY, may indicate the presence 

of smectite and illite interlayers in the chlorite (Aguirre & 

Atherton 1987), suggesting that these chlorites were produced in 

sub - greenschist conditions. 

Assuming that the analysed chlorites are unoxidised (all iron 

as FeQ) their compositions plot in the Ripidolite and Brunsvigite 

fields of Hey (1954) (Figure 4.35). 

The values of MFM range between 0.333 and 0.466, with a mean 

of 0.415. These values are comparable with the MFM ratios 

calculated for regional metamorphic biotites {4.1.3.2}. 

4.1.3.5 Plagioclase Feldspar: Plagioclase feldspar is 

common throughout the study area occurring in a wide range of 

lithologies. In amphibolitic rocks, plagioclase defines part of 

a compositional striping {2.1.2.1.4, 3.2}, and where such 

compositional segregations are developed in foliated pelites 

plagioclase is typically found in quartz - plagioclase foliae 

(Figure 4.36). 

The development of compositional segregation by 

differentiation of  phyllosilicate from quartzofeldspathic 

minerals is evident in pelitic lithologies throughout the study 

area. Within regionally metamorphosed lithologies of this type 

plagioclase is typically fine grained ( >0.25mm) and anhedral in 

form, although rare porphyroblastic plagioclases are developed 

(Figure 4.37) which often display inclusion fabrics {3.2.3} which 

suggesting pre/syn - Dz development of plagioclase. 

Within the aureole lithologies plagioclase commonly forms a
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Figure 4.37: Porphyroblastic feldspar in regional lithology (X 

56) XPL. 

  
Figure 4.38: Plagioclase feldspars developed in granoblastic 

aureole lithologies (X 29) XPL. 
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Figure 4.39: Porphyroclasts of plagioclase feldspar in mylonitic 
aureole lithologies (X 29) XPL. 

  
Figure 4.40: Myrmekitic intergrowth of plagioclase feldspar and 
quartz in contact aureole lithology (X 56) XPL. 
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Figure 1.3. Metamorphic zones within the Connemara Dalradian 
(after Yardley, Barber & Gray 1987) showing the closed 
sillimanite - in isograd developed around the Dawros - 
Currywongaun - Doughruagh igneous complex (from Leake et al. 
1983). 1: Garnet zone, 2: Staurolite zone, 3: Sillimanite - 
Muscovite zone, 4: Sillimanite — K-Feldspar zone, 5: Migmatite 
zone and synorogenic intrusive bodies. 
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Figure 1.4. Location of the Connemara Dalradian lithologies (C) relative to the main Dalradian outcrop (stippled) (after Leake, 
Tanner, Singh & Halliday 1983). IS: Iapetus Suture, SUF: 
Southern Uplands Fault, HBF: Highland Boundary Fault, GGF: Great Glen Fault. 

 



porphyroblastic phase within granoblastic (Figure 4.38) and 

mylonitic lithologies (Figure 4.39). In the  mylonitic 

lithologies plagioclase is typically developed as rounded 

porphyroclasts which show evidence of internal strain; undulose 

extinction and deformed twinning being apparent. In mylonites 

containing phyllosilicate and fibrolite foliae, plagioclase 

porphyroclasts are less evidently strained than those in 

lithologies poor in such foliae. This suggests that strain is 

partitioned into the fibrolitic and micaeous foliae because they 

are more ductile, being able to undergo non - coaxial deformation 

through grain - boundary sliding (Vernon 1987). The rounded form 

of plagioclase porphyroclasts within mylonitic lithologies is 

commonly reported (e.g. Shaocheng & Mainprice 1988). 

Myrmekitic intergrowths of plagioclase and quartz (Figure 

4.40) are developed within granoblastic migmatitic lithologies. 

These intergrowths are most evident where plagioclase and K - 

feldspar grains abut. Smith (1974) notes that, although no 

specific mechanism for myrmekite development has been defined, 

the process involves synchronous crystallization of quartz and 

sodic plagioclase within an heterogeneous. stress field. The 

lithologies which show myrmekite development are typically syn - 

deformational migmatitic lithologies {3.2.2.4} which show the 

development of tectonic fabrics. The assemblages within such 

lithologies (Pl + Kfs + Bt + Sil + Qtz + Crd) are 

identical to those reported by Barber & Yardley (1985) from 

apparently anatectic migmatites in southern Connemara, although 

they report no evidence of myrmekite development. 

The compositions of plagioclase grains developed within both 

regional and _ contact lithologies are tabulated in {Appendix C}. 

Plagioclase feldspars developed within regional metamorphic 

lithologies are sodic, with a mean composition of Anis.7 

(oligoclase), contrasting with contact aureole plagioclases which 

have mean compositions of Ansg.3 (andesine). It should be 

noted that whilst the mean composition of regional plagioclase 

falls outside the range of compositions known as the peristerite 

gap (Anz - Anis, Ribbe 1983) individual feldspar 

compositions fall into this range indicating that metamorphic 

conditions were sufficient to enable the formation of low 

temperature plagioclase structures (Deer et al. 1966). No
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Figure 4.41: Coexisting K - feldspar and muscovite in contact 
aureole lithology (X 29) XPL. 
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Figure 4.42: Porphyroblastic K — feldspar in contact aureole 
lithology (X 29) XPL. 
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optical evidence for peristerite exsolution was seen. Rare pure 

albitic plagioclases are developed in lithologies which show 

local retrogression and it is probable that such albites 

represent a retrograde feldspar development. Plagioclase within 

regional metamorphic lithologies are commonly untwinned, and only 

rarely exhibit compositional zoning. When developed such zoning 

is typically from calcic cores to more sodic rims. The contact 

metamorphic plagioclases are more commonly zoned, and typically 

become more sodic rimwards, although rare reverse zoning is also 

developed. 

4.1.3.6 K - Feldspar: K - feldspar is common within contact 

aureole assemblages but only one occurrence of K - feldspar was 

found in the regional lithologies [GR 679 630] and it coexists 

with muscovite. This lithology is developed near to the 

Rushenduff pegmatite body (Cruse 1963), a late - Ds, highly 

- evolved, intrusive pegmatitic lithology, and may represent an 

effect of this body. It is noteworthy that the thermobarometric 

results from this rock {5.4} are at variance with those of 

adjacent lithologies, possibly indicating a degree of resetting 

of exchange reactions. Cruse (1963) suggests the Rushenduff 

pegmatitic lithologies are derived from the injection of a fluid 

enriched in K, Na, Si, COz and H20, although he does 

not record any instances of K - feldspar development associated 

with this fluid phase away from the main pegmatite body. It is 

possible that the occurence of K - feldspar recorded here is due 

to the effects of this fluid. 

The main occurrences of K - feldspar are within sillimanite 

- bearing aureole lithologies where muscovite is largely absent, 

allhough coexisting muscovite and K - feldspar are occasionally 

found (Figure 4.41). K - feldspar in aureole lithologies is 

typically porphyroblastic (up to 15mm) forming subhedral grains 

(Figure 4.42), often clearly evident at outcrop. These grains 

show the same styles of occurrence as plagioclase grains 

{4.1.3.5}, being developed as porphyroblasts within granoblastic 

lithologies and as porphyroclasts in mylonitic zones. The 

compositions of K - feldspar grains analysed are tabulated in 

{Appendix C}.
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Figure 4.43: Porphyroblastic staurolite developed within Sz 
foliation, note the tabular ilmenite inclusions aligned parallel 
to ilmenites in the external foliation (X 29) PPL. 
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Figure 4.44: Curved, syn deformational inclusion trail developed 
within staurolite (X 110) PPL. 
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Figure 4.45: Rounded and embayed staurolite grains included in 
porphyroblastic andalusite (X 29) XPL. 
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Figure 4.46: Silimanite developed on biotite in contact aureole 
lithology (X 56) PPL. 
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4.1.3.7 Staurolite: Staurolite is developed within 

regionally metamorphosed pelitic lithologies throughout the study 

area, forming the peak assemblage with garnet and biotite. 

Staurolite commonly forms  porphyroblastic, euhedral to 

subhedral grains which overgrow and include the Se foliation 

(Figure 4.43). Where S3 crenulation fabrics are developed 

the staurolite grains appear to be displaced by the Fs 

microfolds. This evidence suggests that the timing of staurolite 

development was post - Dz and pre - Ds, although rare 

syn - deformational inclusion trails in staurolites (Figure 4.44) 

and wrapping fabrics suggest some staurolites may have developed 

syn/late - Dz. 

In andalusite bearing lithologies {4.1.3.9} staurolite grains 

occur both as inclusions within the andalusite porphyroblasts and 

within the matrix of the rock. The included grains show rounded 

and embayed forms (Figure 4.45), whereas those staurolites in the 

matrix are typically subhedral to euhedral. This suggests that 

the development of andalusite was associated with the dissolution 

of staurolite, possibly through the reaction: 

St + Ms + Qtz = And + Bt + H20 (Yardley 1976). 

The mean staurolite composition (calculated on an anhydrous 

basis to 46 oxygens with all iron in the ferrous state) is: 

Fec3.001) Mg¢o.402) Tico.113) Altaz.siz) Sics.ooz) Oss (O,OH)2 

No evidence of compositional zonation in staurolite grains was 

detected. 

The MFM ratios for staurolite range from 0.075 to 0.204, with 

a mean value of 0.156. The occurrence of Ti in the staurolite 

suggests that the growth of this phase involved the breakdown of 

a Ti - bearing phase (possibly chlorite) {4.1.4}. 

4.1.3.8 Sillimanite: Sillimanite is restricted to the 

north of the Renvyle-Bofin slide in Kylemore Formation 

lithologies adjacent to the Dawros - Currywongaun - Doughruagh 

igneous complex (DCD). Its development is due to the contact 

metamorphic effects of the DCD (Ingold 1937, Leake 1970b), A 

minor development of fibrolitic sillimanite occurs on the north 

coast of the Renvyle peninsula, probably associated with the 

thermal aureole of the Crump Island basic body, a satellite of 

the DCD (Leake 1970b).
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Sillimanite occurs as_ either fibrolitic bundles or prismatic 

grains. Within granoblastic hornfels lithologies the prisms and 

fibres show no preferred linear orientation, typically growing 

within the cleavage of biotite (Figure 4.46) or as radiating 

needles within quartz or plagioclase grains. 

Within the mylonitised hornfelsic lithologies anastomosing 

zones of foliated fibrolitic sillimanite with biotite are common 

(Figure 4.47). Scattered prismatic grains are variably aligned 

in the fabric (Figure 4.48). 

The association of biotite and sillimanite has been noted by 

various workers (e.g. Chinner 1961, Carmichael 1969), who suggest 

two possible mechanisms to explain this relation: 

i, The biotite lattice provides favourable sites for sillimanite 

nucleation and growth (Chinner 1961). 

ii, Biotite and sillimanite grow simultaneously, with the 

sillimanite developing indirectly from the breakdown of other 

AlzSi0s polymorphs, in a reaction which is catalysed by 

the presence of muscovite (Carmichael 1969). 

Sillimanite intergrowths with biotite commonly run parallel to 

biotiie cleavage planes suggesting that preferred nucleation has 

occurred along such surfaces. This observation, coupled with the 

lack of relict kyanite and andalusite within sillimanite bearing 

lithologies and the occurrence of sillimanite in muscovite - free 

lithologies, favours sillimanite growth by the mechanism of 

Chinner (1961). 

Sillimanite in mylonitic rocks displays features similar to 

those described by Vernon (1987) in which sillimanite is 

concentrated in anastomosing zones by either growth within 

pre-existing mica-rich folia or syndeformational growth of 

silimanite in zones of strong non-coaxial strain. Features such 

as sillimanite inclusions in pre/syndeformational porphyroblasts 

(porphyroclasts?) and within ribbon aggregates of quartz show 

that sillimanite growth was  syndeformational, not post 

deformational. In non-mylonitic lithologies the growth of 

sillimanite is concentrated within the mica folia which define 

the Sz fabric and the timing of growth cannot be clearly 

constrained. 

The timing of  sillimanite growth in the study area 

(syn-Dz) is earlier than sillimanite growth in the rest of
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Figure 4.47: Anastoming fibrolitic sillimanite zones in contact 
aureole lithology (X 56) PPL. 

  
Figure 4.48: Prismatic sillimanite, with local fibrolite 
developments in contact aureole lithology (X 56) PPL. 
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Connemara which is typically post-Dz/ syn-Ds (Yardley 

et al. 1987). This syn -— Dz age within the mylonitic 

contact aureole zones of the DCD fits well with the model 

suggested by Kanaris-Sotiriou & Angus (1976) for syn - Dz 

intrusion of the bodies {3.4}. 

Prismatic sillimanite is only developed within 200 - 300m of 

the DCD. This distribution is interpreted as being due to the 

initial widespread nucleation of fibrolite on suitable sites 

followed by the coarsening of grains to give prismatic 

sillimanite immediately adjacent to the igneous bodies. This 

suggests that within a zone close to the igneous bodies the 

sillimanite forming reactions occurred either more rapidly or for 

a longer period of time than in lithologies further away. 

Prismatic sillimanite is restricted to low strain (i.e. 

non-mylonitic) zones, with fibrolite being present in high strain 

zones within 200 - 300m of the intrusives . This implies that 

the growth of prismatic crystals in the mylonitic lithologies was 

restricted by either grain boundary sliding inhibiting the growth 

of large crystals, or by large grains being reduced in size by 

post - growth deformation (Vernon 1987). 

4.1.3.9 Andalusite: Andalusite is restricted to the 

Kylemore Fm within 200 - 300 m of the Rushenduff pegmatite body 

on the northern side of the Renvyle peninsula. It forms 

subhedral to rounded porphyroblasts in Grt + St + BL + Ms + Pl + 

Qtz + Tur +! fibrolite schists. Porphyroblasts are 

typically 5 - 10 mm. in size, although sizes up to 20 - 30 mm. 

are evident in clean coastal outcrops [GR 692 638}. In thin 

section the porphyroblasts are often ragged in outline, commonly 

containing inclusions of magnetite, ilmenite, biotite, partially 

resorbed staurolite and tourmaline. No occurrences of andalusite 

overgrowing fibrolite are evident. The magnetite and ilmenite 

inclusions show plate - like forms and define straight inclusion 

trails (Figure 4.49) which are continuous with the external 

(Sz) foliation, but lack the typical. strong (Ds) 

crenulation seen in the external foliation. The development of 

andalusite appears to have been largely pre -  crenulation 

(S3) although rare crenulated inclusion trails can be seen 

in porphyroblasts. Fs crenulation folds often appear to



164 

Figure 4.49: Porphyroblastic andalusite in schistose Kylemore Fm 
lithology (X 29) XPL. 
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Figure 4.50: Corroded and embayed kyanite within Kylemore Fm 
lithology (X 56) PPL. 

 



1. an early Barrovian type metamorphism syn to post De 

reaching staurolite/kyanite grades; 

2. a later higher temperature, lower pressure type metamorphism 

with sillimanite/andalusite grades developed. 

The metamorphic zoning pattern now seen (Figure 1.3) increases 

in grade from garnet/biotite grades (Yardley et al. 1987) in 

the north to extensive migmatisation in the south and is the 

result of the later metamorphic event. It is noteworthy that 

the Fs folds appear to have little or no influence on the 

orientation of the isograds produced during the second 

metamorphic event. 

The Dalradian terrane of Connemara occupies an anomalous 

geographic position (Figure 1.4) as, unlike other areas of 

Dalradian outcrop, it lies to the south of the Highland Boundary 

Fault. Explanations of this location, based on plate tectonic 

reconstructions (Dewey & Shackleton 1984, Soper & Hutton 1984, 

Barker & Gayer 1985, Dewey & Hutton 1986, Hutton 1987), generally 

consider that Connemara was displaced away from the main 

Dalradian outcrop and in to its present position by sinistral 

displacement on a braided system of strike - slip faults 

associated with the closure of the lIapetus ocean. In these 

models Connemara is thus regarded as a suspect terrane, emplaced 

during the closure of Iapetus. 

1.3 The aims of this research 

  

This project aims to determine: 

1. the stratigraphic and deformational sequences of the Dalradian 

lithologies of the NW Letterfrack area; 

2. the metamorphic sequence; 

3. the relation of the metamorphism to deformation, with 

particular bearing on the timing and effects of the Renvyle - 

Bofin slide; 

4. the timing and manner of emplacement of the Dawros - 

Currywongaun - Doughraugh igneous bodies. 

This information, along with pressure and temperature data 

determined using published calibrations of mineral 

geothermometers and barometers, and P - T paths calculated from 

the zoning profiles of garnets using the method of Spear & 

Selverstone (1983), is used to ascertain the tectonothermal
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have nucleated on the andalusite porphyroblasts. Cruse (1963) 

and Cruse & Leake (1968) regarded the andalusites around 

Rushenduff as having grown either prior to, or after, Ds. 

Andalusite growth in the rest of Connemara is late in terms 

of the tectonic sequence, occurring syn/post Ds (Yardley 

et al. 1987). Most andalusite occurrences in Connemara 

appear to be of regional metamorphic origin, although local 

developments can be related to the contact aureole effects of 

post - tectonic granites (e.g. Ferguson & Harvey 1978), The 

development of regional andalusite is considered by Yardley et 

al. (1987) to be due to the progressive northward migration of 

isotherms through the Connemara massif, driven by the ‘heat 

engine’ of the migmatite zone intrusive gneisses in S Connemara. 

This migration of isotherms is synchronous with uplift and 

erosion in the massif resulting in the development of peak 

temperatures at progressively lower pressures from south to 

north. Yardley et al.’s model explains the development of 

andalusite within the northern’ staurolite zone lithologies and 

the more complex AlSiOs relations seen in the higher 

grade lithologies of southern Connemara. Ferguson & Al-Ameen 

(1986) suggest that the uplift during heating is related to the 

development of the Connemara antiform (a Da structure). 

The growth of andalusite in the study area appears to be 

earlier than in the rest of Connemara, being of post De - 

early Ds age, and as such it is difficult to relate such an 

occurrence to either of the models suggested. Given the spatial 

distribution of andalusite, it is possible that its development 

in the study area could be related either to the emplacement of 

the Crump Island body (Cruse 1963) or associated with pre - 

D3 uphlft of the Kylemore Fm, possibly due to movement on 

the Renvyle - Bofin slide {3.3}. 

4.1.3.10 Kyanite: Kyanite is typically absent over much of 

Connemara and was found in only one locality in the study area 

[GR 702 602]. It is developed as scattered 2 - 3mm corroded 

porphyroblasts (Figure 4.50), within muscovite and quartz rich 

pods, in Grt + Bt + Ms + Pl + Qtz + Tur schists. No unequivocal 

timing relationships between the kyanite and the rock fabrics 

could be ascertained, although the quartz - muscovite pods are
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wrapped by the dominant composite (S2/3) foliation, 

suggesting the kyanite probably developed early in the foliation 

evolution (pre/syn - Dz). 

Throughout the rest of Connemara kyanite occurs sparsely, 

developing after Dz (Yardley et al. 1987) synchronous 

with the growth of staurolite. Two explanations for the lack of 

kyanite within the Connemara massif have been put forward: 

i, Ferguson & Al-Ameen (1986) consider that the restricted 

spatial distribution of kyanite is due to the effects of 

lithological composition, with P-T conditions (as calculated from 

absolute thermobarometry) suitable for kyanite growth having 

occurred over much of the massif. They suggest that kyanite 

growth occurred only in those lithologies where infiltrations of 

CO2 rich fluids led to suitable compositional conditions. 

ii, Yardley et al. (1987) consider that the lack of kyanite 

occurs simply because suitable P-T conditions were only narrowly 

reached over much of the massif. They suggest that systematic 

errors within the commonly used cation exchange thermobarometers 

(especially the Grt - Pl Ca exchange barometer), due to the use 

of non - equilibrium assemblages, lead to overestimations in the 

peak P - T reached in the massif. This leads Yardley et al. 

to suggest that ’peak’ pressure values, calculated using Grt - 

Pl Ca exchange systems, may overestimate pressure by as much as 

2-3 Kb, and suggest that the true maximum pressures recorded are 

5-6 Kb (against the 7-8 Kb stated by Ferguson & AL-Ameen 1986). 

Apart from the pelite already discussed, the pelites in the 

study area are kyanite free and show a mean MFM ratio of 0.339 in 

the regionally metamorphosed lithologies and 0.348 in the contact 

lithologies, a value less than the 0.353 suggested by Naggar & 

Atherton (1970) as being the minimum MFM for the development of 

kyanite in Dalradian pelitic lithologies (NB, the value of MFM is 

recalculated for Naggar & Atherton’s (1970) data set as MgO / 

(MgO + FeOtal) with all iron in the ferrous state). This 

is consistent with the restricted development of kyanite in the 

study area being controlled by lithological composition rather 

than P - T conditions, the bulk of pressure - temperature 

estimates (using apparent equilibrium assemblages) lying in the 

kyanite field {5.4}.
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Figure 4.51: Tabular cordierite crystals replaced by pale yellow 
pinnite within granoblastic contact aureole lithology (X 29) 
PPL. 

  
Figure 4.52: Colour zoned tourmaline developed in schistose 
eieoueior=: Fm regional metamorphic thology (x oa PPL. 
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4.1.3.11 Cordierite: The development of cordierite in the 

contact aureole of the DCD has been noted by several authors 

(e.g. Ingold 1939, Leake 1965). This study identified no 

completely fresh  cordierite within such lithologies, only 

variably altered rounded to subhedral porphyroblasts up to 3mm 

diameter within granoblastic hornfels lithologies. The altered 

cordierite porphyroblasts are often mantled by biotite which is 

associated with sillimanite, suggesting that cordierite broke 

down to produce Bt and Sil and the pinitic alteration product. 

Two styles of alteration of cordierite are present: a micaceous 

pinitic, and a yellow - brown isotropic alteration product which 

partially or completely replaces cordierite porphyroblasts 

(Figure 4.51). The yellow - brown isotropic alteration product 

has been described from cordierites in Malawian gneisses by 

Haslam (1983), who notes a significant increase in K20 in 

the alteration products in comparison with the unaltered 

cordierite. Similar yellow - brown isotropic alteration of 

cordierite has been noted by Ferguson & Harvey (1978) in western 

Connemara, although pinitic alteration of cordierite is more 

commonly reported in the ’migmatite belt’ of south Connemara 

(e.g. Barber & Yardley 1985). 

4.1.3.12 Tourmaline: Black tourmaline (Schorl) is a common 

accessory mineral within pelitic and semipeltic lithologies in 

the study area. Occurrences vary from <lmm_ needles lying 

randomly in the foliation of ’regional’ schists to 100 - 150mm 

prismatic crystals developed in Qtz + Pl + Ms 

migmatite veins within the contact rocks of the DCD. 

The tourmalines in regional metamorphic assemblages are 

wrapped by the main (S2/S3) foliation and show euhedral 

to subhedral forms. The grains are strongly pleochroic and often 

display a characteristic colour zoning in thin section (Figure 

4.52) with blue-grey cores passing through green zones to pale 

yellow-green rims. The boundaries between these zones are sharp 

and typically parallel to the crystal faces. The cause of colour 

zoning in  tourmalines is commonly attributed one of two 

mechanisms: 

i, variations in Fe?*/Fe** concentrations (McCurry 1971); 

ii, variations in Fe/(Fe + Mg) ratios (Tracy 1982).



Figure 4.53: Uniform colour tourmaline developed in Kylemore 
Fm contact aureole lithology (X 56) PPL. 
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Figure 4.54: Thompson AFM projection (from Ms) showing the fields of mineral compositions in regional metamorphic pelites. : garnet field, B: biotite field, S: staurolite field, C: 
chlorite field. Dashed line defines field of whole rock 
compositions. 
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No study of the chemistry of the zoning was undertaken so the 

cause of the zoning developed in these tourmalines could not be 

determined. 

The tourmaline associated with the intrusive bodies is typically 

strongly pleochroic olive green and displays sub to anhedral 

crystal forms with no internal colour zoning (Figure 4.53). 

Tourmaline - bearing veins are restricted to Kylemore Fm 

lithologies adjacent to the igneous bodies and are more abundent 

closer to the bodies. Tourmaline is developed as a matrix 

mineral within pelitic and semipelitic regional metamorphic 

rocks. 

It is likely that the vein tourmaline is derived from components 

in the metasediments rather than igneous bodies, as its sole 

association in the ultrabasic rocks is within metasedimentary 

xenoliths and mobilised migmatitic lithologies. The development 

of tourmaline may therefore reflect the original composition of 

the metasedimentary lithologies, possibly being due to the 

mobilisation of original detrital grains (a feature apparent in 

many Dalradian metasedimentary lithologies (Deer et al. 1966) 

during the metamorphism. Alternatively, given the association of 

tourmaline with the more pelitic lithologies of the study area, 

it is possible that the tourmaline may be the product of boron 

bearing metasomatic fluids, the boron being held in the original 

sedimentary minerals (primarily phyllosilicates) and released 

during the metamorphism (Frondel & Collette 1957). 

4.1.4 AFM topologies and the sequence of reactions in 

pelitic lithologies 

The mineral assemblages developed in regional and _ contact 

metamorphic pelites are noted in {4.1.1}. The development of 

these assemblages are considered in the system KFMASH (after 

Thompson 1957). 

The regional metamorphic pelites are typified by two 

assemblages: 

Qtz + Pl + Grt + Bt + Chl ?Tur 

Qtz + Pl + Grt + Bt + St + Chi #Tur. 

These assemblages are developed in pelitic rocks on either 

side of the Renvyle - Bofin slide, suggesting that the slide may
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Figure 4.55: AFM topology for peak mineral assemblages in 
regional metamorphic pelites. 
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Figure 4.56: Isobaric psuedobinary T - X section (at A = 0), 
after Atherton (1977), showing the expected sequence of 
reactions within regionally metamorphosed pelites. Stability 
fields: 1 = Grt + Bt, 2 = Grt + Bt + Chl, 3 = Bt + Chl, 4 = Grt 
+ Bt + St, 5 = St + Bt, 6 = St + Bt + Chl, 7 = Ky + St + Bt, 8 = 
Ky + Bt, 9 = Ky + Bt + Chl. The line WR indicates the range of 
whole rock compositions. The schematic AFM projections (from 
Ms, with Qtz + Pl + H2O) show the topological change caused 
by the up - temperature breakage of the Grt - Chl tie — line and 
the field of Grt + Bt + St becoming stable. Note that the range 
of whole rock compositions fall only into the Grt + Bt and Grt + 
Bt + St fields at high temperatures. 
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predate the development of the regional metamorphic assemblages 

{Chapter 3}. The timing of mineral growth, as determined by 

textures and fabrics, suggests that the stable coexistence of Grt 

+ Bt (+ St) represents the peak metamorphic assemblage, 

developing syn to late Dez (MS2z in the terminology of 

Sturt & Harris, 1961) with chlorite growth occurring later 

(MSs). The assemblage lacking staurolite as a stable phase 

is of limited use in determining the sequence of AFM reactions as 

the Grt + Bt tie - line is stable throughout many other changes 

in topology. , 

The fields defined by the compositions of garnet, biotite, 

staurolite and chlorite on a Thompson AFM projection (from 

muscovite, with Qtz, Pl and I]m) are shown in Figure 4.54. The 

configuration of tie - lines during the development of the peak 

mineral assemblage is shown in Figure 4.55. It is notable that 

this topology indicates the instablity of chlorite, breakdown of 

which provides material towards the development of the Grt + Bt + 

St assemblage. Certain of the chemical features (Mn zoning in 

garnet {4.1.3.1}, Ti in staurolite {4.1.3.7}) of the peak 

minerals suggest that chlorite breakdown occurred during the 

development of the peak assemblage. Such a reaction sequence 

requires that the garnet - chlorite tie - line breaks early in 

the development of the assemblage (e.g. Labotka 1980) with the 

resulting reaction; 

Grt + Chl + Ms = St + BL + Qtz + HO --- (1) 

consuming the chlorite. This reaction defines the staurolite 

- biotite isograd of Carmichael (1970). A psuedobinary T - X 

section (after Atherton 1977) shows the location of the Grt + Bt 

and Grt + Bt + St fields and the range of whole rock compositions 

(Figure 4.56). As is evident from this diagram an increase in 

metamorphic grade for a lithology within the compositional field 

will lead to either the continuous stability of Grt + Bt or a 

change from a continuous reaction between garnet, chlorite and 

biotite to a discontinuous reaction as the garnet - chlorite tie 

breaks. The continuous reaction between garnet, chlorite and 

biotite will, with increasing grade, move to progressively more 

magnesium - rich compositions. Atherton (1977) notes that, at 

the onset of the discontinuous reaction resulting in the loss of 

chlorite, the MFM ratios of biotites should have values of less
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than 0.56. The MFM ratios for analysed biotites from regional 

metamorphic assemblages range from 0.22 to 0.56, with a mean of 

0.39, implying that the biotite compositions developed in the Grt 

+ St + Bt stability field. 

As the development of staurolite appears to be later than the 

initial nucelation of garnet and biotite it is possible that the 

early stages of the development of garnet and biotite were 

controlled by the continuous reaction: 

Chl + Ms + Qtz = Grt + Bt + HO --- (2) 

With the breaking of the garnet - chlorite tie - line through 

reaction (1) the production of staurolite leads to the 

consumption of chlorite. The final breakdown of chlorite may 

have resulted in the release of Mn and to the Mn enrichment seen 

in the rims of certain regional garnets {4.1.3.1} and may have 

released the Ti evident in staurolite. 

The late chlorite typically replaces biotite within regional 

metamorphic assemblages suggesting that during retrogression the 

garnet - chlorite tie - line reformed with the effective bulk 

compositions falling into the Grt + St + Chl stability field. It 

is significant that the compositions of chlorites fall partially 

into the Grt + St + Bt field, showing further the lack of 

relation of Chl to the development of the peak assemblage. 

Cruse & Leake (1963) report the development of late chloritoid 

in Qtz + Ms + Grt + Chl pelites of Renvyle and Inishbofin, 

relating this to a ’hidden igneous mass’. No chloritoid was 

detected in this study and this lack, along with the paucity of 

information on chloritoid in Cruse & Leake, renders’ the 

interpretation of possible chloritoid - forming reactions 

difficult. Assuming that the assemblage Qtz + Ms + Grt + Chl + 

Cld given by Cruse & Leake represents a stable assemblage it 

suggests that the form of the AFM reactions were as shown in 

Figure 4.57, with the Grt - Chl tie established and effective 

bulk rock compositions falling into the Grt + Chl + Cld field. 

The development of andalusite within certain of the regional 

metamorphic pelites has been discussed {4.1.3.9}, the relations 

of andalusite with staurolite suggesting that the reaction: 

St + Ms + Qtz = And + Bt + H2O0 (Yardley 1976) --- (3) 

leads to andalusite formation (Figure 4.57), 

From reactions (1), (2) and (3) it is clear that a fluid phase



evolution of the area, and to constrain models of its evolution. 

1.4 Techniques used 

1.4.1 Field studies: The stratigraphic and structural 

sequences of the area were determined by field mapping (approx 

40km?) at 1:10,000 using enlarged air photographs in 

conjunction with the available base maps (0.S sheets 83, 84, 93, 

94, which date from 1898 and show no contour information). The 

Dawros peridotite and its contact zones, an area of approximately 

1.5km?, were mapped using both photos and enlarged base maps 

at 1:2,500. 

The area was surveyed using a Gamma ray spectrometer {Appendix A} 

to ascertain the distribution of the primary radiogenic heat 

producing elements (U, Th, K%) to provide data on the potential 

magnitude of radiogenic heating. 

1.4.2 Laboratory studies: Petrological work performed 

includes mineral assemblage and fabric/textural description using 

light microscopy, X-ray fluorescence measurement of whole-rock 

chemistry, measurement of radioelement abundances through neutron 

activation of selected samples (used in calibrating the field 

data on radiogenic element distribution), and electron microprobe 

analysis of mineral compositions {Appendix B}. The probe data 

were used in the calculation of temperature and pressures, and, 

as profile paths through garnets, in the Spear (1986) calculation 

of P-T trajectories. 

These pressure and temperature data, along with the heat 

production information, were used to constrain computer programs 

which modelled the temporal evolution of 1-D temperature 

profiles, and these models enabled an assessment of the 

contributions of heat flux variations during the evolution of the 

Connemara massif. 

1.5 Previous work 

Rather than provide an extensive review of previous work on 

the thesis area, this section is intended to provide an overview, 

and a brief discussion of the bias of previous work. More 

specific detail is discussed later in the relevant sections. 

The study area was first covered by the Irish Geological
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was present during the development of the regional metamorphic 

assemblages. The nature of this fluid is unclear, although the 

absense of a carbonate phase within the pelites suggests that the 

fluid was H20 rich. The ubiquitous presense of colour zoned 

tourmaline within regional metamorphic pelites {4.1.3.12} 

indicates that fluid transport of ions was significant in the 

development of at least part of the mineral assemblage. The 

consistent nature of the colour zoning (blue / grey core through 

green zone to pale yellow - green rim) in tourmalines throughout 

regionally metamorphosed pelitic rocks may suggest that the fluid 

was relatively mobile during tourmaline growth. The nature of 

the fluid phase in regional metamorphic pelites and_ its 

significence in the evolution of the mineral assemblage are 

discussed in {5.6}. 

The reaction sequence of the contact metamorphic pelites of 

the Kylemore Formation is somewhat different from that developed 

in regional pelites, with the typical assemblage being: 

Qtz + Pl + Grt + Bt + Sil + Kfs + Crd t+ Ms 

The most common assemblage is Crd and Ms free, Ms breakdown 

through the reaction: 

Ms + Qtz = Kfs + Sil + H20 --- (A) 

leading to the development of Sil and Kfs {4.1.3.3}. The AFM 

topology for these assemblages is shown in Figure 4.58, along 

with the compositional fields of analysed Grt and Bt. Coexisting 

Ms, Kfs and Qtz are seen in some of the contact pelites, a 

relation which suggests the Ms breakdown reaction {4.1.3.3} did 

not reach completion locally. 

The assemblages which contain Crd are Ms — free, typically 

containing Kfs and Sil, a relation noted by Yardley, Leake & 

Farrow (1980) in the south Connemara migmatite belts. Barber & 

Yardley (1985) suggest two possible reactions which lead to the 

development of cordierite: 

Sil + Bt + Qtz = Kfs + Crd + H20 --- (5) 

Grt + Sil + Qtz + H2O = Crd --- (6) 

As the textural relations of Grt and Crd (now present only as 

altered relics) suggest that the two minerals coexisted in a 

stable assemblage it is likely that reaction (6) was not 

responsible for Crd development. The relation of Sil and Bt to 

Crd {4.1.3.11} suggest that the Crd became unstable and was
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Figure 4.57: AFM projection showing reaction topologies for andalusite and chloritoid bearing assemblages, 

  

Figure 4.58: Thompson AFM projection (from Kfs) showing the 
field of mineral compositions in contact metamorphic pelites. 
G: garnet field, B: biotite field. Dashed line indicates field 
of whole rock compositions. 

A 

 



Figure 4.59: AFM projections (after Thompson, 1976a Fig 3) for 
Grt + Bt + Sil + Crd + Kfs + Qtz + Hz) assemblages. 
a, Grt + Crd tie - line established (Grt + Crd + Bt stable), 
high temperature, early assemblage. 
b, Bt + Sil tie - line established (Grt + Bt + Sil stable), 
lower temperature, later assemblage. 

 



replaced by Sil and Bt. The sequence of reactions likely to 

produce the phase relations seen are shown in Figure 4.59. The 

initial stable assemblage Grt + Crd + Bt (with Kfs and Qtz) 

became unstable, with the assemblage Grt + Bt + Sil becoming 

stable. The discontinuous reaction leading to Crd instability 

requires the breaking of the Grt - Crd tieline and occurs in a 

down temperature sense (Thompson 1976a). The initial stability 

of Grt + Crd + Bt represents a high temperature assemblage, with 

the subsequent Grt + Bt + Sil overprint representing a lower 

temperature stability system. The sequence of stable assemblages 

may represent the initial intrusion of the gabbroic bodies, 

leading to temperature conditions in which the Crd - bearing 

assemblages were stable, with the subsequent cooling phase 

producing lower temperatures at which the Sil - bearing 

assemblage was stable. 

4.2 Igneous lithologies 

4.2.1 Introduction 

The igneous rocks covered in this section belong to the basic and 

ultrabasic material which makes up the DCD. The lithologies in 

this complex range from feldspar - free ultrabasic to gabbroic 

and quartz - diorite assemblages. Six samples of ultrabasic 

material from ’pods’ {2.2.3} were analysed by KRF {Appendix B}, 

in an attempt to assess their relation to the main part of the 

DCD. 

4.2.1.1 Igneous assemblages 

The assemblages developed in the basic and ultrabasic lithologies 

fall into two groups, original igneous assemblages and secondary 

metamorphic overprint/alteration assemblages, which range from 

amphibolitic to serpentinitic. 

The peridotite assemblages are typically feldspar free {2.2} 

and fall into three main groups: 

Ol + Opx ? Sp] t Phil 

Ol + Opx + Cpx # Spl + Phil 

Ol + Opx ? Spl + Phil 

Within gabbroic lithologies the original assemblages are 

feldspar bearing and are typically (after Kanaris - Sotiriou &



Angus 1976): 

Opx + Cpx + Pl (commonly An>90) + opaques + 

Bt 

The proportions of the minerals are highly variable, giving 

lithologies which range from pyroxenites to anorthosites. 

4.2.1.2 Metamorphic overprint assemblages 

These assemblages overprint the original igneous mineralogies and 

are often variably developed. 

In the peridotitic lithologies, especially within the small 

isolated pods {2.2.3}, assemblages containing amphibole are 

patchily developed and typically consist of: 

Tr + Tie 

with relict pyroxene and spinels. 

More commonly the _ alteration assemblages in  ultrabasic 

lithologies are serpentinitic {4.2.3.6} 

Ctl + Lz + Cal 

with relict olivine and pyroxene. 

At the tectonised margins of the Dawros’ peridotite foliated 

schists with the assemblage: 

Tlc + Cal + opaques 

are developed. 

In the gabbroic lithologies alteration of the original 

assemblage to give: 

Tr/Act + Ep + White mica + Chl 

is common. The amphibole minerals often form rims on relict 

pyroxenes. 

4.2.2 Whole rock chemistry 

The chemical compositions of five igneous lithologies were 

analysed by XRF {Appendix C}. The samples analysed consisted of 

material from the serpentinic ‘'pods’ developed within the 

Kylemore Fm {2.2.3} at [GR 729 628] (samples 68790, 68792), [GR 

713 605] (sample 71890) and [GR 705 630] (samples 71943, 71944). 

These lithologies were sampled because their mineral assemblages 

(serpentinitic or talc / tremolite with rare relict pyroxene and 

olivine nb, Pl absent assemblages) and field relations {2.2.3} 

suggested that their original affinities were somewhat different 

from the amphibolitic lithologies discussed in {4.1.2}.
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Figure 4.60: Ternary AFM (A = (Naz + K20), F = 
(total iron as Fe203 + MnO), M = MgO all as molar %) 
plot of analyses from ultrabasic pods (Dots) within the study 

area and data from other ultrabasic lithologies within 

Connemara (data from Leake(1958b) Cashel ultrabasic material 

(Open circles), Kanaris -— Sotiriou & Angus (1976) Ultrabasic 

material from Currywongaun (Open squares), Boyle, McCarthy & 

Stewart (1987) Creggaun gabbro material (Open triangles)). 

The arrow indicates Kanaris - Sotiriou & Angus’s (1976) 
petrogenetic evolution trend. 
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Figure 4.61: Massive Harzburgitic lithology (X 29) XPL. 
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A ternary plot of A (NazO + K20), F (FeQ*® + 

MnO), M (MgO) as molar percentages (Figure 4.60) shows the 

analysed lithologies to plot on or near to the F - M join, at the 

basic end of Kanaris - Sotirion & Angus (1976) petrogenetic 

evolution curve for the Connemara ultrabasic suite. The data 

plot close to Leakes’ (1958b) data for the basic and ultrabasic 

parts of the Cashel intrusion. 

It is evident that the ultrabasic pod material shows 

affinities with the ultrabasic lithologies, both in the DCD and 

in the rest of Connemara, suggesting that they represent part of 

the same magmatic system. 

4.2.3 Petrography 

4.2.3.1 Massive Harzburgites: These lithologies are 

characterised by an anhedral equigranular olivines and pyroxenes 

(Figure 4.61). Both enstatitic orthopyroxene and _  diopsidic 

clinopyroxene are present, commonly showing 0.5 to 1lmm grain 

sizes, although enstatitic orthopyroxene is rarely developed as 

laths upto 5mm. Enstatitic pyroxenes often contain exsolved blebs 

of clinopyroxene in (100) planes and the larger grain. size laths 

contain inclusions of olivine and clinopyroxene. Interstitial 

phlogopitic mica is present in small quantities (2 - 3% of the 

rock); some grains are included in the orthopyroxenes. Rare 

rounded spinels occur as inclusions within the pyroxenes. A 

variably developed serpentinitic alteration and associated growth 

of opaque phases (generally magnetite) locally obscures the 

original igneous textures and mineralogies. 

4.2.3.2 Massive Orthopyroxenite: The euhedral laths seen in 

outcrop are enstatitic orthopyroxene and form up to 80% of the 

total rock. These orthopyroxenes show irregular, locally 

consertal, boundaries and vary in form from lath - like to 

equigranular in texture (Figure 4.62). No evidence of 

compositional zoning is seen in the orthopyroxenes, although 

strained extinctions are evident and small blebs of exsolved 

clinopyroxene are developed along the (100) cleavages. A fine ( 

<Imm) interstitial growth of diopsidic clinopyroxene is present, 

with minor development of opaque oxide minerals (mostly
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Figure 4.63: Strongly altered gabbroic lithology (X 29) PPL. 
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Figure 4.64: Tremolite — Talc lithology developed at the 
peridotite - gabbro contact [GR 696 590] (X 29) XPL. 
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magnetite) and rare spinels. 

4.2.3.3 Transition zone of layered lithologies 

This lithology consists of anhedral, equigranular forsteritic 

olivine, enstatitic orthopyroxene and diopsidic clinopyroxene of 

0.5 - 1mm grain size. Olivine forms 5-10% of the total rock with 

varying proportions of ortho and clinopyroxene making up the 

remaining percentage. The proportions of the two pyroxenes show 

a change in the dominant pyroxene from orthopyroxene at the base 

of the zone to clinopyroxene at its top. Minor amounts ( <5%) of 

anhedral chrome spinel, 0.1 - 0.2mm grain size, are present 

either as rare inclusions in pyroxenes or more commonly as 

interstitial phases. 

4.2.3.4 Lherzolite 

The lithology consists of layers of granular clinopyroxene with 

scattered inclusions of rounded olivine and rare orthopyroxene as 

interstitial material, and granular, olivine rich material with 

scattered pyroxenes. Spinels are evident as scattered grains; no 

spinel horizons were seen. 

4.2.3.5 Gabbroic lithologies 

The gabroic lithologies are typically strongly altered to 

amphibole _ - epidote rich assemblages, although relict olivine and 

pyroxenes are evident (Figure 4.63). The original igneous 

textures are often preserved in the alteration products and show 

evidence of tabular feldspar grains (reaching upto 15mm) with 

interstitial finer grained pyroxene. Where strong foliation 

fabrics have developed the original igneous fabrics are obscured. 

The included blocks of more basic material seen at [GR 697 591] 

consist of fresh olivine - orthopyroxene - clinopyroxene 

assemblages, similar to those developed in the adjacent 

peridotite, and are in sharp contrast to the tremolite - 

actinolite - epidote assemblages typical of the gabbro. 

The glassy serpentinitic lithology developed at the contact 

between the peridotite and gabbro consists of a locally foliated 

mesh of fine grained ( upto 1mm) tremolitic amphiboles and talc 

with minor chlorite (Figure 4.64). The gabbro in contact with 

this material shows a high degree of alteration, with the
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Structure and metamorphism in the Dalradian of NW 

Connemara, Ireland 

lan Peter Dawes 

ABSTRACT: The Dalradian of Connemara has a metamorphic and 
structural history dissimilar to that of the Scottish Dalradian. 
An early phase of nappe scale folding, accompanied by the 
emplacement of basic and ultrabasic igneous bodies and a 
’Barrovian’ metamorphism, is followed by further folding and high 
temperature / medium to low pressure metamorphism leading to the 
development of extensive migmatisation in south Connemara. 

The area studied in this work les in the NW of the Dalradian 
massif and has not suffered the migmatitic overprint seen in 
equivalent rocks to the east and south. The lithologies studied 
belong to the Bennabeola Quartzite, Streamstown, Lakes Marble and 
Kylemore Formations (Tanner & Shackleton 1979). An important 
tectonic break, the Renvyle - Bofin slide (RBS), runs through the 
study area separating the Kylemore Fm from the other lithologies. 
The RBS shows evidence of several phases of movement. The 
lithologies on either side of the RBS show similar structural 
histories, with an early deformation (Dz) associated with 
the southerly directed nappe emplacement and significant E - W 
extension, followed by a phase of folding (D3) due to N -§ 
shortening, which is then folded by the regional scale Connemara 
antiform. 

The regional metamorphic peak is reached syn/post Dz, the 
assemblage Grt - Bt - St being typical throughout the study area. 
Geothermobarometric studies in the regional metamorphic 
assemblages yield mean P - T conditions of 574°C at 7.33 kb 
in the Kylemore “m and 490°C at 6.67 kb in the Streamstown 
Fm. 

Modelling compositionally zoned garnets using the method of 
Spear & Selverstone (1983) on material from the study area show 
that the development of the syn - deformational peak assemblage 
to be associated with uplift of the Kylemore Fm and burial in 
those rocks to the south of the RBS. This evidence, coupled with 
the orientation of fabrics associated with the RBS, suggests that 
the RBS initially developed as a De thrust, emplacing the 
Kylemore Fm over the rocks to the south. The application of one 
- dimensional crustal thermal modelling methods to the RBS system 
shows that the peak metamorphic conditions recorded in the study 
area can be produced by simple crustal thickening through the 
emplacement of an overthrust unit. 

A number of syn - Dz basic and ultrabasic bodies, the 
Dawros - Currywongaun - Doughraugh igneous complex, are developed 
within the Kylemore Formation. The contact aureole lithologies 
of these bodies yield mean P - T conditions of 807°C at 8.03 
kb, equivalent to conditions recorded for similar lithologies in 
south Connemara. 

Subsequent deformational events led to the formation of the 
Fs folds and the probable reactivation, in a dominantly 
strike - slip sense, of the RBS. The metamorphic grade fell 
during Ds, with chlorite growth being the only significant 
syn - Ds metamorphic effect. The formation of the Connemara 
antiform led to tilting of the study area to the north and 
possible reactivation of the RBS as a brittle normal fault. 

The area studied records important evidence as to the nature 
of the early metamorphism in Connemara, along with the nature of 
the early deformation and the emplacement of the basic and 
ultrabasic igneous bodies.



Survey as part of the survey for sheets 93 & 94 and their 

accompanying memoir (Kinahan, Nolan, Leonard & Cruise 1878). No 

stratigraphy or measured section for the area were produced 

although the existence of limestone, schistose (locally 

hornblendic) and quartzitic units was recorded. Importantly, 

this work reports the existence of a large scale dislocation, the 

*Kylemore’ valley fault’, which separates the limestone, 

schist and quartzite sequence in the south of the area from a 

northerly series of schists and gneisses within which ophitic, 

steatic (talc-schist) and amphibolitic bodies are developed. 

Following the publication of the survey memoir (1878) the 

detailed local stratigraphy remained undetermined for 85 years, 

although descriptions of metasediments (as ’contact rocks’) are 

given in work discussing the igneous bodies (eg, Ingold 1937, 

Rothstein 1954, 1958), until Cruse (1963) studied the Renvyle 

peninsula as part of a Ph.D thesis which also covered the islands 

of Inishshark and Inishbofin. In this work Cruse erected a 

stratigraphy and noted the existence a major tectonic break in 

the stratigraphic sequence (the Kylemore valley fault of the 

survey), and named it the ’Renvyle - Bofin slide’ (RBS). 

Cruse also determined that the stratigraphy in the lithologies to 

the south of this slide was inverted. In Cruse & Leake (1968) 

the lithologies of the area are correlated (after Kilburn et 

al. 1965) with the Dalradian of Donegal and Scotland. This 

correlation with the Dalradian, and also with the rest of 

Connemara, was further clarified by Tanner and Shackleton (1979). 

It should be noted that stratigraphic correlations are best for 

the lithologies to the south of the Renvyle - Bofin slide, the 

sequence north of this feature, the Kylemore Formation (Morris & 

Tanner 1977), lacks a firm position within the regional 

stratigraphy. 

The detailed structure of the area is generally not considered 

in the early work, the survey being content to note that the 

Rinvyle (Renvyle) peninsula consists of a ’great synclinal 

curve’ which trends NW/SE. Cruse (1963) noted that this fold 

was a synformal anticline (the Tully Mountain synform) and 

proposed that it was a Da structure. Tanner & Shackleton 

(1979) also considered the Tully Mountain synform to be a Ds 

structure {3.2}.
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Figure 4.65: Classification of serpentinitic textures after 
Maltman (1978, Figures 1 and 2). 
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original igneous minerals (now seen as rare unaltered grains of 

feldspar and pyroxene) being replaced by tremolite/actinolite 

meshes and sericitic patches. 

4.2.3.6 Serpentinisation effects: The serpentine minerals, 

chrysotile, lizardite and antigorite, are all hydrated magnesium 

silicates (Mg3SizOQs(OH)n), and result from 

reactions between olivine/pyroxene - bearing assemblages and 

hydrous phases. The parent minerals show variable 

susceptabilities to the serpentinisation reactions such that, the 

reactivity of olivine > orthopyroxene > clinopyroxene. 

The textural scheme of Maltman (1978) (Figure 4.65) is used in 

describing the effects of serpentinisation on the rocks of the 

peridotite. 

The serpentinisation is variably developed on the scale of a 

single thin section, such that a 30 X 50mm section can contain 

both fresh igneous and complete serpentinite replacement 

textures. The map scale distribution of the serpentinisation is 

more regular with the most pervasive serpentinisation occurring 

at the margins of the body. As the small scale textures are 

irregularly developed the textural descriptions cover the changes 

in mineralogy resulting from progressivly higher degrees of 

serpentinitic alteration. 

In the peridotite lithologies the serpentinisation can be 

subdivided into two main ’styles’: 

(i) A foliation serpentinisation is seen throughout the central 

portions of the body although it is obscured near the margins by 

more pervasive effects. Two phases of foliation serpentinisation 

are developed, an early layering parallel/subparallel group and a 

later, finer, set at high angles to the layering (Figure 4.66). 

The early phase fabric shows a zonation of serpentinite textures 

across a 5-l0mm _ zone. At the margins of the zone a mixed 

mesh/ribbon texture is developed, grading over <lmm_ into 

relatively fresh igneous material. This zone passes into a 

central zone of opaque magnetite plates lying parallel to the 

vein walls; fibres of chrysotile lying at high angles to the vein 

walls, occur between the magnetite plates. This fabric is 

evident in foliation parallel veins throughout the body. The 

upright fabric consists of regular, but discontinous, thin zones
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Figure 4.66: Typical serpentinised foliation textures in 
peridotite, showing early wide foliation parallel serpentinitic 
veins cross cut by higher angle, thin serpentinitic veins (X 29) 
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showing polygonal arrangement of opaque minerals (mesh texture) 

Figure 4.67: Pervasively serpentinised ultrabasic lithology 

containing ribbon textured serpentinite (X 29) XPL.
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( <lmm) of often incomplete chrysotile and lizardite alteration 

which crosscut the thicker lower angle veins. 

(ii) A matrix serpentinisation, in which olivine crystals range 

in alteration from partial serpentinisation to give a ’mesh’ 

texture of fresh olivine and fibrous chrysotile to complete 

replacement giving a polygonal texture, defined by opaques, 

within which fibrous chrysotile shows the development of incipent 

ribbon forms (Figure 4.67). The pyroxenes show change from fresh 

igneous material, with a_ slight cloudiness evident in crystals 

adjacent to affected olivines, to extreme alteration giving 

bastitic meshes which often pseudomorph the cleavages of the 

pyroxenes. In some areas immediately adjacent to the 

metasediments, such as around [GR 705 590] the peridotite is 

completely replaced by a fine grained ( <0.25mm), foliated, talc 

- carbonate schist (Figure 4.68). The tectonic implications of 

the appearance of talc - carbonate assemblages at the contacts of 

the peridotite have been discussed in {3.5}.
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Chapter 5: Pressure / Temperature determinations 

and P - T paths
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Chapter 5: Pressure / Temperature determinations 

and P - T paths
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5.1 Geothermometry and geobarometry: An introduction 

A number of different methods and systems for assessing the 

pressure and temperature conditions of a metamorphic terrain are 

available to the metamorphic petrologist. The use of methods 

such as facies series analysis, isograd sequence mapping, mineral 

phase relations and absolute/relative thermobarometry have 

enabled the determination of P - T conditions in many metamorphic 

systems. The application of methods like facies series analysis 

(after Miyashiro 1973), isogradic mapping (after Tilley 1924b), 

and mineral phase relations (after Winkler 1965), which rely on 

discontinuous reactions to provide the assemblage changes which 

allow metamorphic grade to be determined, proved of limited use 

in this study. Much of the study area shows assemblages typical 

of amphibolite facies metamorphism {4.1}; the prevalent reactions 

developed continuous (Thompson 1976a) rather than discontinuous 

{4.1.4}. The development of isograds is restricted to the 

aureole of the Dawros - Currywongaun - Doughruagh igneous 

complex, where a_ sillimanite - in isograd is developed (Leake, 

Tanner & Senior 1981). 

In order to assess variations in P - T across the study area 

absolute geothermobarometry was employed. This method uses the 

measured compositions in coexisting mineral phases within an 

equilibrium assemblage, as determined using electron microprobe 

techniques {Appendix B}, within a calibration of the Van’t Hoff 

isotherm equation (after Wood & Fraser 1977): 

G° = -RTIin ac . atp * ==——e(-5-. Is) 

aa . ap 

* ashG°1,7 = AH°1,7r -— TAS®?r + (P-1)\AV2%so1ias —--- (5.2) 

(these two equations can be combined to produce calibrations 

for either temperature or pressure). 

a represents the activity of components A, B, C and D in 

phases a, b, c and d in a reaction: 

wA + xB = yC + 2D --- (5.3) 
phase a b c d 

w, xX, y and g are the number of moles of components A, B, C 

and D respectively.
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Table 5.1: Formulae used to calculate mole fractions, X (after 
Hodges & Spear 1982 and Hodges & Crowley 1985, mineral symbols 
after Kretz 1983). 

  

Garnet 
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Muscovite 

KFeys = Fe 
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Work on the ultrabasic igneous bodies of the area forms the 

bulk of the literature covering the study area. The survey 

initially recognized the Currywongaun - Doughraugh intrusions, 

along with the serpentinitic rocks of the Dawros peninsula and 

the existence of similar serpentinitic bodies on the North coast 

of the Renvyle peninsula. Ingold (1937) studied the Currywongaun 

- Doughraugh intrusions, the gabbroic bodies found along the 

Dawros River, and the Dawros  peridotite. This work was 

mentioned in Wager (1939) who considered the relation between 

these bodies and _ the similar ultrabasic bodies in South 

Connemara, concluding that the two intrusive suites bore little 

or no relation to one another. The Dawros peridotite was 

studied by Rothstein (1954, 1956, 1958, 1961, 1964) who defined 

its internal layering and_ structure. Leake (1964b & 1970b) 

reassessed this body, attempting to relate it to the Currywongaun 

- Doughraugh bodies and the Southern suite of intrusives. The 

relation between the  peridotite and gabbroic bodies was 

considered by Kanaris-Sotiriou & Angus (1976) who produced a 

model to explain the present spatial distribution and contact 

relations of the bodies. Bennett & Gibb (1983) re-examined the 

structure of the peridotite and its surrounding metasedimentary 

envelope, along with the nearest gabbroic body, the Creggaun 

gabbro. Details of the work covering the igneous bodies are 

discussed in {2.2, 3.4 and 4.2}. 

The metamorphic grade of the area is not considered in detail 

by any of the early work, although Ingold (1937) and Rothstein 

(1954, 1956) discuss the contact metamorphism around the igneous 

bodies, noting the formation of sillimanite grade hornfelsic 

aureoles (locally with hypersthene=corundum —bearing rocks). 

Both authors consider that the aureole metamorphism overprints an 

earlier regional staurolite - garnet grade metamorphism. Cruse 

(1963) describes two metamorphic events, an early (De) 

staurolite grade event (possibly locally reaching sillimanite 

grade), showing a possible increase in grade to the south, 

followed by a retrogressive event (syn Ds) which produced a 

greenschist facies overprint in the north of the area, and an 

epideote - amphibolite overprint to the south. Local occurrences 

of post-tectonic andalusite and chloritoid are recorded by Cruse. 

Leake, Tanner & Senior (1981) show the development a sillimanite



Table 5.2: Activity and activity coefficient calculation methods 
used in thermobarometric calibrations (mineral symbols after 
Kretz 1983). The calculations are in joules unless stated 
otherwise. 

ais activity 
Y is activity coefft {gamma} 

OR is gas constant (8.3144 joules/Kelvin, 1.9962 calories/Kelyin) 

Garnet 

Hodges & Spear {1992} 

gate = (Yarn . Yare)? 
aPra = {Yprs 3 oe 

airs = Yers 5 ér<)3 

here: 

Yate = exp -15807 - 6.37} . {Ypres . Yers) 

RT 

Yrro > exp {13807 - 6.31} . {Kers . - Xero} 

Ry 

tod
 

  

Fre = Xero . OXxp 

Grs = Kars . exp 

  

Ganguly & Saxena {1984} 

These calculations use values of ¥ in calories. 

aain = (Yara . Yarn)? 
fu , \z 

aPrp = LyPrp - Xpre}h 

a6rs = iYers d Xers}3 

Yate = exp {¥prp? . (0.1 
+ {Xprp . kers {3.958 

Yer = exp {(Xers? " {-0.104 + {3.948 ¥ere))} 

+ (Kare? . (1.628 - (2.995 . Kreo}}) + (ors . Xara . { 
} 

673 - {6.414 . Xerp))) 
- {3.418 a {Xers r Xare)} + {Xsns. Kale {3.482 . Xerp) 
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Yors = exp {{Xprp* . {1.88 ~ (3.968 . Xers}}) + (Xara? . {-1.165 + (6.836 . Xers)}}} 
+ ({Xprp . Xara) . (4.003 ~ {5.467 . Xers}}) 
+ (1,497. (Xperp . Xate)} + €{Xses Xero} . (-1.165 + (6.836 . ¥ere}})}} 

Biotite 

aphi = X®ty . Xpni> (after Holdaway 1978} 
dann = Xann? 

after Hodges &Crowley {1985} 
aphl = Xphi3 

Feldspars 

Newton & Hasleton (1981) 

din = Xan . i] + Xanj2 ern a ~ Xan}? a {1032 + (4726 Xan}) 

4 T 

Hodges & Crowley £1985) 

din = Xan . exp 610.54 

(T ~ 0.3837} 

Muscovite 

Hodges & Croley (1985 

ah 
} aks = {¥Rys : yAIVE 2} 

  

ey
 

~t
 

“ 1 n
o
 

o
n
 a>
 

ay
 

od
 

a
 

4 ay 

1 

f
o
 

Where the interaction {Harguies} parameters are 

Was = 4680.1 + O.1Q9P + 0.39547 

Weg = 2923.1 + O.1S9P + 0.16987
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The activity term in brackets is known as the equilibrium 

constant, K 

K = ac . ap -=- (5/4) 
a ~4 . ads 

  

In systems where the mixing of components within phases is 

ideal the equilibrium constant can be replaced by a distribution 

coefficient, Kp, which can be empirically determined such 

that: 

Kp = Xfc_ . X4p === (5.5) 
X39, . X¥pg 

X represents the mole fractions of components A, B, C and D in 

Phases a, b, c and d. Table 5.1 shows the formulations used in 

calculation of mole fractions for the minerals used in the 

geothermometric and geobarometric calculations in this work. 

In systems where ideal mixing is not developed the calculation 

of Kn values is more complex (e.g. Ganguly & Saxena 1984). 

Non - ideal mixing models are discussed where relevant to the 

geothermometer and geobarometer calibrations (the formulae for 

calculation of activities in non - ideal systems are in Table 

5r2)s One geothermometer (Grt - Bt exchange) and two 

geobarometers (Grt - Bt - Pl - Ms and Grt - Pl - Sil - Qtz) have 

been used to calculate P - T conditions. Details of the 

calibrations are given in {5.2, 5.3.1 and 5.3.2}. 

5.2 Geothermometry: The garnet — biotite exchange 

thermometer 

The reaction system used in determining temperatures in this work 

is an ionic exchange reaction between garnet and biotite. This 

system is commonly applied to pelitic lithologies and is based on 

the temperature dependent exchange of Fe and Mg between 

coexisting garnet and biotite in the reaction: 

FesAlzSi3012 + KMgsAlSi3010(OH)2 = MgsAl2SisO12 + KFe3A1Sis010(OH)z --- (A) 

almandine + phlogopite 5 pyrope + annite 

This exchange reaction (Ferry & Spear 1978) is considered to 

involve Fe?+ and Mg? cations only, with the effects of 

Fe* being disregarded.
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Thompson (1976b) applied the garnet - biotite cation exchange 

reaction in temperature determination following previous 

discussion on the use of garnet - biotite exchange as a 

thermometer (e.g. Perchuk 1967, Saxena 1969). Thompson’s (1976b) 

calibration was calculated using the available thermodynamic data 

to give (T in Kelvin, P in bars): 

T = 2740 + 0.0234P == (56) 
In Kpri + 1.56 ' 

The distribution coefficient, Kot1, was determined as 

Koti = Xaim . Xpni ---— (5.7) 
Xprp . Xann 

This calibration is more reliable at lower temperatures as it 

was calculated using thermodynamic data from low temperatures 

which were then extrapolated to higher temperatures. The 

reported errors for this calculation are t50°C at 500°C but 

rise to ?100°C at 1000°C, 

Ferry & Spear (1978) calibrated the garnet biotite exchange 

experimentally using mixtures of synthetic Fe?*/Mg garnet 

and biotite: 

uP eS 4151 + 0.019P Bars 5 8) 

RTinKore + 1.554 

where Kpt2 = (Xprp/Xaim) --- (5.9) 

(Xpni/Xann) 

Ferry & Spear suggest the errors on this calculation to be 

450°C and, because of the effects of other 

cations (Ca, Mn) on the Fe - Mg exchange reaction, they indicate 

that the calibration is not valid when: 

(Ca+Mn ) 5 0.2 in garnet = tere) 

(Ca+Mn+Fet+Mg) 

(ATVI 4T2) > 0.15 in biotite. a ees eel) 

(A1Y!4+Ti+Fet+Mg) 

Studies of the influence of Ti, AlY!, Fe3*, Ca 

and Mn cations on the partition of Fe** and Mg between
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garnet and biotite (e.g. Dallmeyer 1974, Ganguly & Saxena 1984, 

Indares & Martingole 1985) show that Ti, AI! and 

Fe#* substitution in biotite and Ca, Fe%*+, and Mn 

substitution in garnet distort the lattices of those minerals. 

Such lattice distortions mean that certain cations are more 

readily partitioned into the lattice. The occurrence of 

substitutions in the reaction system alters the nature of the 

mixing in the phases leading to non —- ideal mixing (e.g. Geiger, 

Newton & Kleppa 1987), which in turn affects the Kp. The 

Ferry & Spear (1978) calibration calculates Kpre values 

based on the assumption that only Fe?* and Mg are involved 

in the exchange reaction and that the resultant minerals show 

ideal mixing characteristics. They suggest a limit on the use of 

the calibration to systems with low Ca + Mn in garnet and 

AIX! + Ti in biotite. Thompson’s (1976b) calibration, 

although calculating Kot: using only Fe?* and Mg, is 

based on a natural pelitic assemblage where minor. cation 

substitutions will be present in the minerals. The reliability 

of the Thompson calibration is dependent on the similarities in 

composition between the assemblage under analysis and the 

original assemblage used in the calibration. 

In order to more rigorously apply the garnet - biotite 

reaction several authors have attempted to recalibrate the 

reaction, by comparison with another geothermometer (e.g. Goldman 

& Albee 1977), by re - evaluating the thermodynamics of the 

exchange reaction (e.g. Anovitz & Essene 1987), or attempting to 

refine the Kp calculation method in such a way that cation 

substitution and non - ideal behaviour is accounted for (e.g. 

Hodges & Spear 1982, Ganguly & Saxena 1984). 

Pigage & Greenwood (1982) produced a calibration of the Ferry 

& Spear system for staurolite bearing assemblages which also 

incorporates corrections for non - ideal mixing of Mn and Ca in 

garnet (after the mixing models of Ganguly 1979): 

T = 1586 . Xers + 1308 . Xsps + 2089 + 0.00956 . P ___ (5 49) 
0.78198 — InKora 

where:
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Knots = Xaim . Xphi aut pera 35 
(Mg/(Mg + Fe) )et 

Hodges & Spear (1982) reassessed the Ferry & Spear (1978) 

calibration and, assuming ideal mixing in biotites (except those 

with ‘high Ti contents’), attempted to allow for non - ideal 

mixing in garnets. By breaking the quaternary garnet mixing 

system down into a series of binary solution systems (Alm - Prp, 

Grs - Prp, Prp - Sps, Grs - Alm, Grs - Sps and Alm - Sps) and 

accounting for the interaction energies (W the Margules 

parameter) of the binary systems, the following calibration was 

produced. 

T = 2089 + 9.56P + ( 1661 . Xers) —-- (5.14) 
InKor2 + 0.782 + (0.755 . XMers) 

This calibration assumes ideal behaviour for all the binary 

systems except Grs - Prp and corrects for this nonideality. This 

calibration uses the Ferry & Spear (1978) distribution 

coefficient, Kore. 

Ganguly & Saxena (1984) attempt in their calibration to 

account for the interaction between cations in garnets, using 

thermodynamic data (Cressey, Schmidt & Wood 1980) which allowed 

more control on the interaction energies than previous systems. 

The calibration, 

= 1175+ 9.45P + 1/;. 987 . {Wremg (Naim — Xprp) + 3000(Xere + Xsps > 
InKotr2 + 0.782 

aaa (500s 
uses the simple Koprz calculation of Ferry & Spear (1978). 

The formulae used in calculating K and W parameters are shown in 

Tables 5.1 and 5.2. 

These five calibrations were used to calculate the temperature 

values from electron microprobe data on mineral assemblages. The 

results of the temperature calculations are shown in table 5.3, 

with tables 5.4 and 5.5 showing the variations in Kp and 

activity values respectively. 

5.3 Geobarometry 

Two geobarometric systems were used in this study, Grt - Pl -
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Ms - Bt {5.3.1} and Grt - Pl] - AlsSiOs - Qtz {5.3.2}. 

5.3.1 Garnet - Plagioclase - Muscovite - Biotite Barometry 

This system of geobarometry is based on the reactions: 

Pyrope + Grossular + Muscovite = 3 Anorthite + Phlogopite ---(B) 

Almandine + Grossular + Muscovite = 3 Anorthite + Annite ---(C) 

(after Ghent & Stout 1981). 

Reaction (B) is pressure sensitive and reaction (C) is 

temperature sensitive, the simultaneous’ solution of the two 

reactions providing both pressure and temperature estimations for 

a given assemblage (Ghent & Stout 1981). In this work reaction 

(B) is used to determine pressure, the relevant temperature being 

calculated from the garnet - biotite systems described in {5.2}. 

The initial formulation of this system by Ghent & Stout 

(1981), based on a comparison of the pressure and temperature 

results obtained from Grt - Bt thermometry (after Ferry & Spear 

1978) and Grt - Pl -— AleSiOs - Qtz barometry (after 

Ghent 1976) with calibrations of reactions B and C, yields the 

following (T in Kelvin): 

P = 37189 + 69.768T - RTInKoppi ~~~ (5.16 after B) 
Tones 

P = -17257 +:°92.3037 =/RTinKp ps —~-— (5.17 after C) 
7.543 

The values of Kopp: and Kpp2 are the solid activity 

products of the reactions and are based on the assumption of 

ideal cation solution models to give: 

Kopi = Xan®. Xpni? Sa e- he) 
CX¥S . MAIVInMe) Karim? .Xers? 

Kpop2 = Xan? . Xann? 7 (519) 
(X¥S . XAIVING) Karim? .Xers? 

The assumptions of ideality’ lead to errors in the 

calibrations, giving high pressure estimates at low temperatures 

and low pressures at high temperatures (Ashworth & Evirgen 

1985 ). 

Ganguly & Saxena (1984) altempted to overcome such problems by
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using non - ideal mixing models in their calibration (NB, this 

calibration is in calories): 

P = 1778.2 + 129.627 + RTInKoes + 1 =~=— (5.20) 
7.254 

Kop3 = aphi . aan@ --- (5.21) 

aprp . ars - 4&Ms 

. 

The activity models used in this. calibration (Table 5.2 ) 

assume ideal mixing in biotite and muscovite, with non - ideal 

mixing in plagioclase (modelled after Newton & Hasleton 1981) and 

garnet. The garnet mixing model is based on a quaternary mixing 

between Alm, Prp, Sps and Grs, although at low Xsps values 

in garnet a ternary mixing model can be applied (Table 5.2). 

Ashworth & Evirgen (1985) apply the ternary system on garnets 

with up to Xun = 0.06. The mean value of Xsps in this 

study is 0.0916 with a range from 0.006 to 0.25. 

Hedges & Spear (1982) use the same H and S values as Ganguly 

& Saxena (1984) but calculate the Kpp value differently. 

P = 1778.2 + 129.62T + RTInKppa + 1 ma (ey 

7.254 

Kopa = apni. aan? mie (5 28 ) 

aprp . @rs . as 

The a (activity) values used in this Kopp calculation 

are based on garnet mixing models which assume that end member 

interaction parameters (Margules parameters) are negligible for 

all mixing except for Grs - Prp. 

Hodges & Crowley (1985) recalibrate the Ganguly & Saxena 

system by fitting regression lines to a plot of [(P - 1)AV + 

RTInK] versus T to give: 

Pp = -69965 + 162.997 =RPInKkp rs --~ (5.24) 
7.543 

Kops = @ann . aan® 

@Alm . €@Grs . €&Ms tel (5.25) 

All) the above calibrations use simple models for mixing in
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plagioclase (after Newton & Hasleton 1981), which may lead to 

errors in the under - estimation of aan. A more recent 

model for plagioclase mixing (Newton 1983) accounts for variation 

in a and Y due to temperature. 

fan = Yan . Xan (1 + Xan)5 Sa a) 
4 

In Yan = Xav? {Wan + 2Xan . (HW - Wan )} --- (5.27) 

5.3.2 Garnet - Plagioclase - Al2SiOs - Quartz 

barometry 

This system of geobarometry is based on the reaction (Ghent 

1976): 

3 Anorthite = Grossular + 2 AleSiOs + Quartz --- (D) 

which has been calibrated for reactions involving the three main 

Al2SiOs polymorphs (andalusite, kyanite and 

sillimanite). Essene (1982) noted the large temperature 

dependence of calibrations of this reaction, terming it a 

’thermobarometric’ rather than barometric system. In those 

lithologies used in theromobarometry Al2SiOs occurs as 

sillimanite, developed as both prismatic and fibrolitic crystal 

forms. The calibrations presented below are for sillimanite 

bearing assemblages. 

The reaction was initially calibrated by Ghent (1976): 

P= =-11675 ~- 32.815 - RTlogKpps + 1 <= (528) 
1.301 

Where Kpps = Xers3 rot GI 29.) 
Xan? 

The solid activity product (Kops) used in this 

calibration is based on the assumption of ideal solid solution in 

both garnet and plagioclase, although Ghent (1976) does note that 

the mixing system is unlikely to be ideal. 

Ghent, Robbins & Stout (1979) modify the Ghent calibration to 

account for the activity coefficients of garnet and plagioclase, 

such that: 

Kopp? = Xors? . Yers? ==> (5.305 
Xan? . Yan?



203 

Ghent et al. suggest that the calibrations give the best 

results when: 

InKY = Yers? = - 0.4 

Yan? 

Recent data by Salje (1986) suggest that fibrolitic 

sillimanite has a different entropy to that of prismatic 

sillimanite, due largely to lattice disordering. Saljes’ work 

suggests that applications of a_ sillimanite calibrated 

geobarometer in fibrolite - bearing lithologies may produce 

erroneous results, and that this problem should be considered in 

interpretation of sillimanite geobarometer results where both 

fibrolitic and prismatic sillimanite are developed. 

5.4 The results of geothermometry and geobarometry 

The various calibrations of the Grt - Bt thermometer and the Grt 

- Pl - Bt - Ms and Grt - Pl - Sil - Qtz barometers yield 

temperatures of: 

412 to 963 °C (mean of 629°C) 

and pressures between: 

4.53 and 13.14 kilobars (mean of 7.42 kilobars). 

The results are summarized on Figure 5.1. The mean values 

encompass lithologies associated with the regional metamorphic 

peak and those lithologies developed in the migmatitic aureole of 

the DCD. To clarify the situation the lithologies can be 

subdivided into three groups: 

i, Sillimanite bearing contact aureole assemblages of the 

Kylemore Fm (Figure 5.2), which yield a mean pressure of: 

8.03 + 1.8 kb 

and a mean temperature of: 

807 + 96 °C 

(variations ¢ sigma). 

ii, Non - sillimanitic Kylemore Fm lithologies, two groups 

including regional, Grt + Bt + St bearing lithologies 

which yield: 

mean pressure of 7.33 + 1.5 kb, 

mean temperature of 574 + 66 °C
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isograd around the igneous bodies within a garnet - staurolite 

regional grade. However, no evidence for the timing of these 

,events is given. The work covering the metamorphic grade of the 

area is discussed in {Chapters 4 and 5}. 

1.6 Outline of this Thesis 

This thesis consists of seven chapters, where chapters two and 

  

three are concerned with the stratigraphy and structure of the 

study area. Chapters four and five cover the petrography, rock 

chemistry, mineral chemistry, geothermometric and barometric 

calculations, and the P-T path calculations. Chapter six covers 

the thermal modelling of the area. Chapter seven is a regional 

synthesis and discussion of the conclusions of this work.



Figure 5.1: Mean results of Grt - BT thermometry, Grt - Pl - Ms - 
Bt and Grt - Pl - AkSiOs - Qtz barometry for all the 
lithologies studied. Diamonds = Streamstown Fm, Dots = Kylemore 
Fm (regional metamorphic assemblages), Triangles = Kylemore Fm 
(contact metamorphic assemblages. 
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Figure 5.2: Results of Grt - BT thermometry and Grt ~ Pl - Ms - 

Bt barometry for Streamstown Fm lithologies. The error boxes are 

calculated for 2 sigma variations in mineral composition. 

AlzSiOs curves after Salje (1986). 
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Figure 5.3: Results of Grt - BT thermometry and Grt - P] - Ms - 
Bt barometry for Kylemore Fm lithologies. The error boxes are 
calculated for 2 sigma variations in mineral composition. 
AleSiOs curves after Salje (1986). 
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Figure 5.4: Results of Grt - BT thermometry and Grt - Pl] - 
AleSiOs - Qtz barometry for sillimanite and fibrolite 
bearing assemblages in the Kylemore Fm. The error boxes are 
calculated for 2 sigma variations in mineral composition. 
AlzSi0s curves after Salje (1986). 
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Table 5.5: Variations in Kn values for garnet — biotite 

Ker. and Kore are the distribution 

coefficients of Thompson (1976b) and Ferry & Spear (1978) 
thermometry. 

respectively. 

sample 

min 

66795 0.754 
68799 1.209 
68804 0.765 
68806 1.070 
69215 1.247 
69229 2.067 
69230 1.842 
69238 1.724 
69619 1.205 
69623 1.632 
69625 2.340 
69627 1.591 
69635 1.645 
71898 0.828 
71901 1.449 
71912 2.071 
71916 1.505 
71918 1.966 

InKori 

mean 

1.158 
1.375 
0.930 
1.281 
1.366 
2.364 
1.980 
1.776 
1.310 
2220 
2.448 
1.851 
1.681 
1.491 
1.635 
2.306 
2.658 
2.042 

1.285 
1.534 
1.094 
1.375 
1.484 
2.529 
2.155 
1.828 
1.424 
2.981 
2.563 
2.121 
1.717 
2.132 
1.830 
2.554 
3.817 
2.119 

InKoyrz 

min mean 

-1.208 -1.144 -0.903 

-2.136  -2.061 -1.977 

-1.086 -1.000 -0.914 

-1.795  -1.747 -1.710 

-1.314 -1.257 -1.198 
-2.469 -2.332 -2.138 
-2.093 -1.995 -1.905 

-1.913 -1.881 -1.849 
-1.561 -1.492 -1.434 
—2.232 -2.139 -1.825 
-2.793 -2.704  -2.622° 
-1.983 -1.806 -1.636 
-1.812 -1.767 -1.789 

-1.347 -1.837 -2.233 
-2.191 -2.100 -2.021 
-2.731 -2.545  -2.375 
-3.523 -2.868  -2.098 
-2.143 -2.119 -2.095 

208
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Table 5.9: Calculated muscovite and plagioclase activities. 
Holdaway Hodges & Crowley Newton & Hodges & 

Haselton Crowley 
Sample ame ams ats @an @an 
68806 0.551 0.658 3.499 0.308 0.296 
69229 0.721 0.774 13.154 0.564 0.412 
69230 0.649 0.718 8.455 0.126 0.137 
69238 0.578 0.656 4.875 0.496 0.407 
69619 0.709 0.778 9.514 0.293 0.283 
69623 0.609 0.673 10.549 0.263 0.231 
69625 0.684 0.746 12.943 0.622 0.442 
69627 0.632 0.710 6.416 0.274 0.250 
69635 0.532 0.636 5.522 0.479 0.399 
71898 0.739 0.817 5.793 0.023 0.036 
71901 0.655 0.754 3.000 0.402 0.347 
71912 0.852 0.899 8.624 0.100 0.111 
71916 0.563 0.682 3.374 0.399 0.300 
71918 0.850 0.897 9.158 0.294 0.099
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Chapter Two: The metasedimentary sequence and igneous 

bodies 
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Table 5.11: Variations in Kors (Ghent, 1976) and Kop? 
(Ghent, Robbins & Stout, 1979) values. 

sample 

66795 
68799 
68804 
69215 

minimum 

-3.289 

-1.497 
-2.700 

-2.933 

logKpps 
mean maximum 

=3.274 sie 
-].487 -1.467 
-2.446 =2.195 
-2.B08 =2. 720 

minimum 

-3.874 

-1.897 

-3.100 

=3. 330 

logKpp7 
mean 

-3.689 
-1.B87 
-2.846 
-3.208 

Ly 

maximum 

—-3.624 

-1.867



and contact (locally migmatitic) lithologies (Figure 5.3) with 

mean pressure of '7.75 + 3.3 kbo 

mean temperature of 722 + 64 °Q, 

iil, Regional metamorphic assemblages south of the RBS 

(Figure 5.4), giving 

mean pressure of 6.67 4 0.9 kbb, 

mean temperature of 490 ? 59 °C, 

The error boxes shown in Figure 5.2, 5.3 and 5.4, are 

calculated on plus or minus sigma for the variation in mineral 

composition in an analysed assemblage (the means of the data are 

tabulated in Table 5.3). The variation in mineral compositions 

were used to calculate maximum and minimum Kor and Kop 

values (ie, the variation in Kpr values given by using 

maximum values of Xpn / Xann in biotite with minimum 

values of Xprp / Xam in garnet and vice versa, and 

Kop variations using maximum Xers with minimum Xan 

and vice versa). The values of P and T for a given composition 

assemblage were calculated iteratively by repeated solution of 

the geothermometer and geobarometer calibrations using the mean P 

from one run as an input parameter to calculate T on the next run 

and the mean T value as an input to the P calculation, until both 

P (Tables 5.7 and 5.10) and T (Table 5.4) remained constant. The 

error boxes plotted on Figures 5.2, 5.3 and 5.4 show the results 

for maximum and minimum Kor and Kopp (Tables 5.5, 5.78 

5.11) values, and, as the mean temperatures and pressures for a 

number of calibrations were used, are plotted with no slope, 

unlike error boxes for specific calibrations (e.g. Spear & Rumble 

1986). The results of the various activity calculations are 

tabulated in Tables 5.6 and 5.9 

As is evident in Figs. 5.2, 5.3 and 5.4 the magnitude of 

errors due to compositional variation in certain assemblages is 

very high -. Such assemblages may 

represent a variably disequilibrated system, and in those 

sections where obvious retrograde mineralogies replace the 

earlier assemblage it is possible to determine if retrogression 

is a significant error source. However, where retrograde 

minerals are not obviously developed, error may be due toa 

variety of other effects. 

Where minerals are compositionally zoned the data used. in the
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thermobarometric calculations should be restricted to those areas 

of minerals likely to be in equilibrium with the rest of the 

assemblage (ie, the ’rim’ composition). As the garnets studied 

are often conspicuously zoned {4.1.3.1} only compositional data 

from the rims of garnets were used in the calculations. Some 

problems may arise in assemblages where garnet has been resorbed, 

although the resorption reactions are likely to maintain a degree 

of equilibrium between the garnet and the external assemblage. . 

Biotite shows a range of compositions {4.1.3.2}, although 

evidence for chemical zoning within individual biotites is scant. 

It is likely that the relatively rapid rates of intracrystalline 

diffusion in biotite (Tracy 1982) have prevented the formation of 

compositional gradients during mineral growth, or have 

facilitated the loss of any gradients developed during growth. 

Any retrograde diffusive re - equilibration of biotite may also 

lead to resetting of overall Xpm / Xann ratios in 

biotite and subsequent effects on thermometry using these ratios. 

Feldspar shows a variety of zoning styles {4.1.3.5}. Only rim 

compositions were used in barometric calculations when zoning was 

evident. The persistence of chemical gradients within 

plagioclase feldspars in contact assemblages where biotite is 

homogenized and garnet profiles are strongly affected by post - 

growth diffusion suggests that the rates of such processes within 

feldspars are relatively slow. This may lead to problems in 

barometric systems where a_ significant degree of diffusive 

resetting of biotite and garnet has occurred with minimal effects 

on feldspars. 

The effects of ionic substitution within thermometric systems 

have been discussed. The primary substitution within the 

minerals studied involves Ti which occurs in both biotite and 

muscovite in a_ range from below detection limits to = 

6% {4.1.3.2}. 

In keeping with ‘traditional’ practice in thermobarometry all 

iron involved in exchange reactions is considered to be in the 

ferrous state (Fe?*) although there is optical evidence for 

ferric (Fe*) iron in some biotites in this study {4.1.3.2}, 

and high oxidation ratios within hornfelsic lithologies are 

reported in Angus & Middleton (1985). The effects of ferric iron 

on Grt - Bt exchange are not considered in this work, although



the presence of Fe will change Mg/Fe ratios and the 

subsequent Kor values leading to incorrect temperature 

estimates. Ghent et al. (1979) note that the assumption of 

total iron as ferrous iron in mole fraction calculations leads to 

high values for Xers in garnet and to the production of 

higher pressure values for systems at given temperatures and 

Xan. 

The various calibrations of the thermobarometric systems used 

produce a_ wide range of results, this effect being due simply to 

the thermodynamic and mixing data used in the calibrations. In 

order to avoid the problems associated with specific calibrations 

mean values of the temperatures and pressures for each sample 

were calculated. Certain of the calibrations (e.g. the Pigage & 

Greenwood (1982) calibration of the Grt — Bt thermometer) are 

based on a fixed mineral assemblage containing the calibration 

minerals, and where such minerals are absent then the result 

obtained from applications of the calibration will be erroneous. 

Problems with the type of AleSiOs polymorph considered 

in calibrations have been noted, as both fibrolitic and prismatic 

silliimanite are present in all the AlsSiOs - bearing 

assemblages. 

Analytical errors are not accounted for in this study, 

although Hodges & McKenna (1987) suggest errors, derived from 

analytical uncertainties, of up to 10 - 20% on the results of Grt 

- Bt exchange and as high as 30% on Grt - Pl - AleSiOs 

- Qtz results. 

Three of the mean P - T values fall well outside the main 

cluster of points (Figure 5.1), showing pressures of between 9.40 

and 13.14 kb, but at temperatures equivalent to other similar 

lithologies. These high pressure values may indicate that these 

assemblages developed at significantly higher pressures than the 

bulk of the area (although they show assemblages and textures 

similar to lithologies which yield lower pressures), or that 

these assemblages have been altered subsequent to their initial 

development in such a way as_ to perturb the thermobarometric 

systems. 

Samples 71898 and 71912 show significant
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chloritic alteration of biotite and garnet, along with 

sericitisation of feldspar. Although the altered areas were 

avoided during probe analysis, it is apparent that retrograde 

effects are developed throughout the samples, and that these 

effects may significantly perturb the barometric systems 

(probably through loss of Ca in feldspars) with limited effects 

on the thermometric exchange. In sample 68804 a limited amount 

of alteration is developed, typically concentrated in narrow (1 - 

2mm) zones of grain size reduction, and the bulk of the lithology 

remains unaltered. However, the lithology yields high pressure 

estimates, which can be ascribed to the presence of 

hogbomite as an accessory mineral in the assemblage. The 

development of  hédgbomite in the aluminous migmatitic 

aureole lithologies of the DCD (Leake 1965, Angus & Middleton 

1985) suggests high oxidation ratios within these lithologies 

{where oxidation ratio (O.R) = Fe**/ (Fe2* + 

Fe3*)) and possible substitution of ferric iron into 

suitable sites in the thermobarometric phases. As discussed 

earlier, failure to account for ferric iron substitution results 

in high pressure estimates for the assemblage studied. 

P - T estimates calculated using the calibrations given in 

{5.2, 5.3.1 and 5.3.2} fall largely into the kyanite field of the 

AleSi0s diagram (Figures 5.1, 5.2, 5.3 and 5.4), except 

within those lithologies which are either sillimanite bearing or 

in the aureole of the DCD (Figure 5.2). The sillimanite bearing 

assemblages are developed within the migmatitic contact aureoles 

of the DCD and yield temperatures equivalent to the >700°C 

recorded in the Cashel aurecle, South Connemara, by Treloar 

(1981). The ’regional’ metamorphic lithologies (ie, those which 

show no apparent relation to aureole effects) show a range of 

temperatures and pressures similar to those reported in 

equivalent lithologies in the rest of Connemara (Yardley et 

al. 1987). Importantly, the pressures and temperatures within 

the regional metamorphic assemblages on either side of the RBS 

show similar conditions. The timing of the regional metamorphic 

peak in these lithologies, as determined from textural relations 

{4.1.3, 4.1.4}, is syn / post D2, which coupled with the P - T 

results suggests that the material on either side of the RBS 

reached similar crustal conditions during / immediately after
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Figure 5.5: Schematic P-T diagram (after Spear, Selverstone, 
Hickmott, Crowley & Hodges, 1984) showing the P-T paths followed 
by a series of samples (1, 2, 3) involved in a single metamorphic 
event. Tmax and Pmax are the peak temperature and 
pressure experienced by sample 3. Between these two maxima 
*peak’ P - T conditions are obtained from thermobarometry (the 
stippled areas). The resultant array of ’peak’ P-T conditions 
yields the piezothermic array (’PA’) as discussed by 
Richardson & England (1979). 

Temperature 
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De. 

5.5 P-T tha 

5.5.1 Introduction and basic concepts 

With the increasing use of tectono - thermal modelling to assess 

the theoretical evolution of metamorphic terrains (e.g England & 

Thompson 1984) the need for quantitative data on the pressyre - 

temperature path followed by a metamorphic system has become 

increasingly apparent. Traditional’ methods of P - T 

determination, such as the use of petrogenetic grids and 

geothermobarometry, are aimed at the determination of peak 

metamorphic conditions for mineral assemblages. Information on 

the P - T paths of a metamorphic event can be obtained by the use 

of several assemblages within a thermal system. However, the 

resultant array of pressures and temperatures, the 

*piezothermic array’ of Richardson & England (1979), bears 

only limited relation to the actual P - T path followed by 

individual samples (Figure 5.5). To determine the actual P - T 

path followed by a metamorphic rock a method of monitoring the P 

- T variation over time is required. 

Several authors (e.g. Loomis 1975, Kretz 1973) noted the 

control on zoning in porphyroblastic metamorphic minerals, most 

commonly garnet, by reactions between the phases of a mineral 

assemblage during the growth of the porphyroblast phase. Under 

such conditions any compositional zoning within porphyroblasts is 

controlled by the composition of the external assemblage and the 

prevalent P -T conditions. Spear & Selverstone (1983) produced a 

technique which uses the compositional zoning in garnet to assess 

any changes in temperature and pressure during the development of 

this zoning. By taking the compositions of the external 

equilibrium phases of an assemblage, and then using the 

compositional changes in the zoned mineral, the variation in 

pressure and temperature during the development of these minerals 

can be calculated. Details of the calculation method are given 

in Spear & Selverstone (1983) and Spear (1986). 

The method relies on the relation between the compositional 

zoning of a mineral and the pressure and temperature conditions 

during the growth of that mineral, thus:
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T = f(Xi, X2, X3.....Xn) ~-- (5.31) 

P = f(Xi, X2, X3.....Xn) === (8.32) 

both T and P are functions of the composition (n represents the 

number of independent compositional terms). 

As this approach looks at the relative changes of P and T with 

the development of a mineral assemblage it use the differential 

forms of the thermodynamic equations, rather than the intergral 

forms used in absolute thermobarometry {5.1}. The differentials 

of the compositional equations are: 

dT = [dT \ dX. + (a dX2 + ..... = d¥n ___ (5.33) 
dXi} Xgzn dX2} Xsan dXn) Xjz2n 

dP = {dP \ dXi + i dXe. 4 -sawess Gene ath 2 (6.94) 
aX1] Xgan dX2] X5#n dXn} Xj ¢n 

The changes in pressure and temperature , AP and AT, for a 

compositional change AXi are given by: 

AT =s st Ni -~- (5.35) 
dX} X5#i 

AP = <(£ Xi --~ (5.36) 
dXp Xa ei 

The values of (dT/dXi) and (dP/dXi) are calculated 

using 

'the Gibbs’ method? (Spear, Ferry & Rumble 1982) which 

involves the solution of a series of linear differential 

equations: 

a, The Gibb - Duhem equation of each phase: 

0 = § aT —- V dP + SXidui --- (5.37) 

(ui is the chemical potential of the phase under 

consideration and i is the number of components in that phase). 

b, The sum of chemical potentials at chemical equilibrium: 

0 = Sviui === (6.38) 

(vi is the stoichiometric coefficient of the component i). 

c, A set of equations which monitors the compositional 

changes as functions of pressure and temperature. 

These equations use a variety of solution models to calculate
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the activity of components within the different phases. For 

example, in a binary solution phase: 

0 = -(duz - du) - (S2 - $1)dT + (V2 - Vi)dP + (<2 eae ore 

The algebraic solutions of these three sets of equations give 

the isopleth slopes (dP/dT, dX/dT or dX/dP) used to determine T 

and P. . 

The required input set comprises the compositions of the 

coexisting phases at a reference pressure and temperature, the 

molar entropies and volumes of the phases at the reference P and 

T, the partial molar entropies and volumes of the components of 

any solid solution systems present, and expressions for the 

curvature of Gibbs free energy surfaces of the solid solution 

phases. Monitor parameters, such as the variation in Xain 

and Xers in garnet are used to calculate the changes in 

temperature and pressure during the growth of the garnet. 

The resultant P - T path records the changes in pressure and 

temperature during the growth of a compositionally zoned mineral 

phase within an equilibrium assemblage. Calculations were 

performed using the FORTRAN: program PTPATH (Spear 1986). 

The use of this method of P - T path determination is not 

without its problems. These fall into two groups: those problems 

connected with the assumptions made in the model and those 

problems associated with the analytical assessment of the 

metamorphic mineral assemblage under study. The assumptions made 

in the model are: 

(i) The compositional zoning in garnet (or the zoned phase 

being used for the calculation) is due_ solely to reactions 

occurring during the growth of that mineral. 

(ii) The rim compositions of all the phases within the 

assemblage remain in equilibrium throughout the development of 

the assemblage. 

(iii) The compositions of minerals produced in the 

development of the assemblage are not reset by retrograde 

effects. 

(iv) The solid solutions developed within phases follow 

simple mixing models. 

(v) The reaction history of the assemblage is known and can
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be constrained relative to zones within the garnet. 

Work on garnet compositional zoning by various authors (see 

Tracy 1982) has shown that not all compositional zoning is 

produced during the growth of porphyroblasts. Garnets without 

compositional zoning can be produced above temperatures of 

640°Ct 30° (Yardley 1977a) as rapid 

diffusion of cations within the solid garnet leads to 

homogenization of the garnet and the loss of any pre - existing 

zoning profile {4.1.3.1}. This diffusional homogenization often 

leads to the loss of zoning within garnets produced during lower 

temperature conditions (e.g. Dempster 1985, Anderson & Olimpo 

1977). Tracy, Robinson & Thompson (1976) found evidence that 

initially homogeneous high grade garnets could have zoning 

imposed on them by retrograde cation exchange reactions after the 

cessation of garnet growth. It is apparent that zoning in 

garnets can have several possible causes and in applying the 

Spear & Selverstone (1983) method it is important to identify the 

nature of the zoning used to monitor P and T. 

The controls on the attainment of equilibrium during a 

metamorphic reaction are complex (Spear, Ferry & Rumble, 1982) 

with the magnitude of reaction, diffusion and/or heat transfer 

rates controlling the degree of equilibrium developed in a 

reaction system. Whilst the development of disequilibrium 

textures can provide useful information towards the petrogenetic 

and P - T history of a system (Lasaga 1983), the use of the Spear 

& Selverstone method requires that equilibrium is maintained at 

least between the edges of all phases within a developing mineral 

assemblage. As the detection of the degree of disequilibrium 

within a system can be problematical, Selverstone & Spear (1985) 

suggest that an analysed assemblage can be tested for consistency 

by using the mineral compositions predicted by their method and 

comparing them with the actual values derived from inclusions 

within the garnet porphyroblast, or from zoned matrix grains 

(provided that these grains can be related to a particular growth 

phase in the porphyroblast). 

The possibility of reactions occurring after porphyroblast 

growth and either resetting the matrix or the internal zoning of 

the garnet, or causing resorption of the garnet cause problems in 

the use of the Spear & Selverstone method. They do, however,
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2.1 The metasedimen sequence: lithologies and 

stratigraphy 

2.1.1 Previous work: The  Dalradian geology of the 

Letterfrack area was first investigated by the Irish Geological 

Survey as part of the mapping for-the 1" regional series (sheets 

83, 84, 93, 94) and the accompanying memoir (Kinahan et al. 

1878). This work records no stratigraphy or measured section 

across the area, although the presence of schists, limestones and 

quartzites around Letterfrack, south Renvyle and Ballynakill with 

the NE of the area containing schists and gneisses with igneous 

bodies. The contact between these two lithological groups is 

considered to be a fault (the ’Kylemore valley fault’) which 

runs E-W, passing in to the sea on the Dawros peninsula. The 

structure of the area is not considered in detail, with the only 

large scale structure noted being the synform developed on the 

Renvyle peninsula. This failure to define the structure led to 

the survey misinterpreting the lithological succession such that 

lithologies which are structurally repeated were considered as 

representing a stratigraphic sequence. A sequence of non - 

metamorphic Silurian sediments lying to the NE, and forming the 

ridge oof Altnagaighera and Garraun, are noted as being 

unconformable on the metamorphic lithologies. 

Kilroe (1907) studied the area adjacent to, and south of, 

Kylemore Abbey. He compared the stratigraphy in this area with 

sequences in South Mayo and Central Connemara, noting several 

important features: 

(i) The metamorphic rocks are Dalradian in age. A conglomeratic 

horizon, the Cleggan boulder bed, developed in Connemara can be 

correlated with the Port Askaig Tillite of the Scottish 

Dalradian. 

(ii) The Dalradian metamorphic sequence is unconformably 

overlain by Silurian sediments. 

(iii) The sequence of lithologies in the Kylemore area, with 

limestones underlying quartzite, is the converse of the sequence 

in South Connemara. This inversion of the stratigraphy is due, 

in the opinion of Kilroe, to the effects of large scale 

overfolding. 

(iv) The stratigraphic sequence is complicated by the repetition
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indicate the qualitative effects of such reactions on a 
calculated profile. Where matrix re - equilibration occurs 
without any effect on the porphyroblast zoning the resetting of 
the exchange reactions used to estimate pressure and temperature 
will lead to incorrect starting conditions in the calculation of 
P and T. ps ne method does not calculate absolute pressures and 
temperatures, A merely iterates the change in P and T from known 
starting values, any errors in the starting data will result in 
the calculated path being quantitatively wrong, but qualitatively 
useful. Should reactions lead to the resorption of part of the 
porphyroblast any P - TT path calculated will be incorrect in 
detail, but again the sense of the starting and finishing points 
of the path will be qualitatively useful. In such circumstances, 
where resorption of porphyroblasts is evident (or suspected) 
Spear & Selverstone (1983) suggest that only the total values of 
P and T between core and rim of the porphyroblast be calculated. 

In order to produce an accurate P — T path for a porphyroblast 
growing under variable P -T conditions it is required to know 
what mineral phases are/were present in equilibrium with each 
growth phase of the porphyroblast and the compositions of these 
Mineral phases. Where porphyroblasts possess a rich inclusion 
suite it is possible to determine the type and composition of the 
equilibrium phases at each stage of porphyroblast growth. Such 
information is, however, often sparse or absent, leading to 
problems in determining the assemblages present during 
porphyroblast growth. It is important that external assemblages 
be related to specific phases of porphyroblast zoning, as failure 
to accurately constrain the relative timings of zoning and 
assemblage growth will lead to errors, 

Other errors. are introduced into the method through 
uncertainties in the input parameters (the importance of the 
assemblage has already been stressed). Simple sources of error 
such as the use of porphyroblasts which are sectioned so that 
they do not display full zoning profiles, or asymmetric profiles 
are obtained can be relatively easily avoided. The nature of 
the solid solutions present in certain phases can also be 
assessed and_ suitable formulations be used in the calculation of 
path information. Work by Spear & Selverstone (1983) has shown 
that if the simple solution models used in the PTPATH program are



"
s
e
q
 

Ur 
d 

“Oo 
UL 

L 
‘(FUT 

UCT}De}ep 
MOTeq 

yUOSUIETe 
sezEOIpUL 

= 
= 

‘
e
s
e
i
q
u
i
e
s
s
e
 

ul 
y
U
e
s
e
i
d
 

e
s
e
y
d
 

s
e
z
e
s
t
p
u
l
 

+ 
‘
e
z
e
l
q
u
i
e
s
s
e
 

ut 
yueseid 

you 
eseyd 

seyeorpul 
x) 

‘eyep 
yNdul 

HLVddd 
iZI'S 

PIGeL 

THSd 
98S 

+ 
+ 

¥ 
+ 

+ 
+ 

* 
f10G 

S900 
T26G 

408°0 
T8tO 

8 
f00°R 

88fo 
66090 

§=£2969 
Oz£$ 

bee 
+ 

ea 
' 

t 
* 

POO 
sero 

see 
FeO 

L280 
862008) 

SEO 
0
9
 

«92969 
$969 

céP 
4 

+ 
¢ 

+ 
i 

4 
¥ 

FOC 
GIG 

PSEC 
L
B
 

E510 
O00 

STh'O 
feo 

s7969 
050? 

009 
4 

t+ 
+ 

+ 
QO18°O 

SF2°0 
S28 

==> 
S8tO 

£380 
6P7°0 

«£6270 
}=— S90" 

SEG"O 
TRS 

BS z69 
PSRs 

Ses 
t 

+ 
* 

+¢ 
¥ 

¥ 
* 

200°C 
6610 

L620 
$060 

960°0 
== 

9070 
'65°0 

0069 
6985 

aoy 
t 

t+ 
$ 

+ 
+ 

: 
+ 

== 
9910 

f980 
f120 

£9270 
== 

SPO 
855°0 

60869 
748484 

F
4
E
a
S
]
 

S
Q
T
S
e
T
y
 

I} 
SH¥ 

Sy 
URY 

Buy 
24X 

UnY 
SRY 

vay 
a4y 

u
y
 

FRUHY 
T4dy 

S
u
v
 

a
y
d
u
e
s
 

a} 
40T UG 

az tTO.snezs 
asepror6ery 

aqtzorg



226 

replaced by more realistic models the resultant paths are largely 

unaffected. The effect of errors inherent in probe data has been 

assessed by Spear & Rumble (1986) in a study where errors of 

40.005 mole fraction for major elements and 0.001 mole 

fraction for minor elements were propagated through the 

calculation of a series of paths for a single zoning profile. 

The resultant paths show considerable variation in absolute 

values but are qualitatively the same. Spear & Rumble’s work 

indicates the qualitative nature of the method, and as such the 

resultant paths should not be interpreted as absolutes, but as 

qualitative indicators of the pressure and temperature variation 

during the zoned porphyroblast development. Where rich inclusion 

suites provide suitable assemblages it is possible to more 

accurately constrain the path calculated from zoning information 

with data from appropriate geothermobarometric systems. 

5.6 P - T path results and interpretation 

Six garnets from regional metamorphic rocks were modelled by the 

Spear & Selverstone method, and were selected on the nature of 

their compositional zoning profiles {4.1.3.1}. All the garnets 

show smooth continuous zoning, suggesting that their growth has 

not involved any discontinuous reactions, and that exchange 

reactions dominated the system. Of the six garnets modelled, one 

possesses an assemblage which is bivariant in the model system 

KNCFMnMASH: Sample 69627 (Roeillaun schist Member of the 

Streamstown Formation) which has the assemblage Grt - Bt - Pl - 

Ms - Chl - St - Qtz. Of the other assemblages modeled, four 

(69229, 69230, 69623, 69625) are from the Roeillaun Schist, and 

the remaining sample (69238) comes from the Kylemore ¥> Both 

samples from the Kylemore Fm are taken from the Renvyle 

Peninsula, and are typical of the regionally metamorphosed 

Kylemore Fm, containing garnets with well developed zoning 

profiles, unlike garnets in the aureole assemblages which 

typically show diffusionally perturbed zoning {4.1.3.1}. 

The assemblages in samples 69229, 69230, 69238, 69623 and 69625 

~e trivariant in the model system KNCFMnMASH and they cannot be 

modelled simply from the variation in Xam,
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Xers and Xsps, requiring a further variable to 

constrain the modelling. As no suitable included minerals such 

as plagioclase are present the compositional variation between 

these grains and the external plagioclase cannot be used to 

constrain the modelling. However, an assumption that the 

chemical potential of H:O0 remains constant is made, thus 

enabling the monitor parameter duH20 to be held at 0 

and providing a fourth monitor on the assemblage. The validity 

of this assumption and the possible nature of the fluids involved 

in the metamorphism are discussed subsequently. 

An AFM plot of the coexisting Grt + St + Bt assemblages (Figure 

5.6) shows crossing tie - lines. Several possible mechanisms may 

have produced these crossing tie relations (after Burton 1986). 

(i) A retrograde phase, chlorite is present in all of the 

samples. The development of this phase {4.1.4} may have led to 

compositional change in the peak phases. 

(ii) The composition of muscovite within the assemblages is 

not pure, with both paragonitic and phengitic components being 

present {4.1.3.3}. The presence of such compositional variations 

make the projection for pure muscovite on to the AFM plane 

invalid. 

(iii) The presence of additional components (Ca, Mn) may be 

stabilising the assemblage. A projection from @Qtz - Ms - 

H20 into the AhkOs - FeO - MgO - (MnO + CaO) 

tetrahedra (Figure 5.7) leads to the loss of all of the crossing 

tie - line relationships. This projection also shows that the 

variation in the three phase planes is due largely to MnO + CaO 

contents. 

(iv) The value of uH2O is variable within and 

between samples. As the tetrahedral plot (Figure 5.7) shows, the
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Figure 5.6: AFM plot (from muscovite) showing the mineral 
compositions in the coexisting Grt + Bt + St assemblages 
modelled. Note the crossing tie - line relations. 

A 

  

Figure 5.7: Projection from Ms, @tz and H2O into the AV - 
Fe’ - Mg’ - (Mn’ + Ca’) tetrahedron. The consideration of Mn and 
Ca in this system removes the crossing tie - line relations. 

Mn+Ca’ 
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majority of crossing tie - line relations can be resolved by 

allowing for the MnO and CaO components in the system, suggesting 

the value of uH20 has relatively little influence on the 

equilibrium relations in these samples. The investigation of 

fluid movement within metamorphic systems has been an important 

field of study in recent years (e.g. Norris & Henley 1976, A.B. 

Thompson 1987), and a significant body of work has shown evidence 

for variation in HzO on outcrop scales (e.g. Ferry 1979, 

Rumble, Ferry, Hoering & Boucot 1982). However, evidence for 

considerable fluid release associated with prograde dehydration 

reactions has been cited (e.g. Walther & Orville, 1982), and the 

role of lithological units as zones of pervasive fluid flow 

(metamorphic aquifers), have become increasingly apparent in 

recent research (e.g. Ferry 1988, Rye, Schuiling, Rye & Jansen 

1976). 

The development of a chacteristically colour zoned tourmaline 

phase, probably having a syn - Dz metasomatic origin 

{4.1.3.12}, within the schistose pelites, suggests that a 

pervasive, mobile fluid phase was present during the development 

of the peak mineral assemblage. The absence of phases such as 

graphite and (primary) carbonate within the mineral assemblages 

suggests that the fluid phase was HzO rich. Yardley, 

Shepherd & Barber (1983) conclude that the composition of the 

fluid phase in similar, although higher grade, graphite - free 

pelites was close to pure H20. A mobile fluid phase is 

unlikely to be buffered by any coexisting mineral assemblage as 

the fluid residence time within any particular volume of rock 

will be too short (Walther & Orville, 1982). In such 

circumstances, the fluid composition will be externally buffered 

and the value of uH20 shows no variation (i.e. 

duH20 = 0, Spear, Ferry & Rumble 1982). 

The assumption that duH20 = 0 is made in modelling 

Grt - Bt - Pl - Ms - St - Qtz assemblages where suitable mineral 

(plagioclase) inclusion data is unavailable in this work, as such 

assemblages are quadravariant. Unpublished work by R.K. Westhead 

(pers. comm.) has shown that the modelling of assemblages 

using duHz0 = O as a monitor parameter produces P - T 

paths which are not significantly different from those derived by 

standard modelling methods. In such circumstances the sense of
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the P - T path is maintained, although its absolute value is 

altered. As the P - T path technique is only qualitative in 

nature {5.5}, the effects of holding uHz0 constant have 

limited influence on the interpretation of the resultant paths. 

(v) The final equilibration of the assemblage do not occur 

at the same P -T conditions for all the samples, or for the 

individual minerals within samples. The samples plotted on 

Figure 5.7 were collected from lithologies (largely from the 

Roeillaun schist member of the Streamstown Fm) which are 

separated by 4 - 5km laterally and as such it is possible that 

the peak metamorphic conditions showed a degree of variation over 

such a distance. P - T results from the samples show ranges of: 

444 -— 600°C (mean of 536°C), 

5.37 - 10.59kb (mean of 7.10kb), 

suggesting that the assemblages equilibrated under different 

conditions. As such the assemblages modelled show internal 

equilibrium, but have equilibrated under conditions different 

from one another. 

The results of the P - T path modelling are shown in Tables 

5.13 and 5.14 and Figures 5.8 and 5.10. As noted earlier the 

magnitudes of the calculated P - T paths should not be viewed as 

the true magnitude of P - T variation during garnet growth, but 

rather as a qualitative measure of that variation. 

The paths caleulated for samples 69229, 69230, 69623, 

69625 and 69627, athe Streamstown Fm, are shown in Figure 5.8 and 

schematically in Figure 5.9. The typical form of these paths is 

of a progressive increase in pressure, accompanied with slight 

temperature increase, from the garnet core to rim, suggesting 

garnet growth during burial. The actual forin of some of the 

paths is rather more complex, with the paths from garnet 69229 

and 69230 showing an initial pressure decrease (of up to 3kb) 

followed by an increase in pressure (of up to 5kb). A similar 

change in the polarity of the path is seen in garnet 

60625 albeit to a much more restricted degree (a decrease of 

<100bars followed by an increase of nearly 3 kb). 

Garnets 69623 and 69627 produce paths which show 

consistent pressure increases from core to rim (69623: 2.7kb 

increase, 69627: 3.5kb increase). It may be significant that the 

garnets which show reversals of polarity in P - T paths contain



Table 5.13: Streamstown formation, garnet composition data used 

in P - T path modelling and the calculated P -T results. 
* indicates starting presures and temperatures calculated 
using Grt - Bt thermometry and Grt - Bt - Pl - Ms barometry. 

T in °C, P in bars 

Sample Xalm 
69229 

0.738 
0.671 
0.690 
0.693 
0.700 

69230 
0.760 
0.721 
0.659 
0.684 

69623 
0.776 
0.731 
0.710 
0.685 

69625 
0.770 
0.682 
0.660 

69627 
0.810 
0.759 
0.733 
0.704 

Table 5.14: Kylemore Formation, garnet composition data used in P 
- T path modelling and the calculated P -T results. 

Xsps 

0.033 
0.057 
0.076 
0.075 
0.066 

0.078 
0.146 
0.175 
0.172 

0.030 
0.048 
0.067 
0.122 

0.012 
0.081 
0.092 

0.009 
0.037 
0.073 
0.101 

Xprp 

0.051 
0.046 
0.039 
0.039 
0.041 

0.090 
0.075 
0.034 
0.050 

0.090 
0.052 
0.049 
0.037 

0.073 
0.040 
0.044 

0.066 
0.064 
0.057 
0.040 

Xers 

0.171 
0.224 
0.193 
0.191 
0.191 

0.071 
0.056 
0.130 
0.092 

0.101 
0.167 
Or Ler dL 
0.155 

0.142 
0.194 
0.202 

0.113 
0.138 
0.136 
0.154 

462* 
447 
443 
443 
446 

545* 
534 

562 

492* 

463 

* indicates starting pressure and temperature calculated 

using Grt - Bt thermometry and Grt - Bt - Pl - Ms barometry. 

T in °C, P in bars 

Sample Nain 

69238 
0.748 
0.731 
0.698 
0.712 

Xsps 

0.079 
0.048 
0.064 
0.066 

Xprp 

0.096 
0.153 
0.197 
0.174 

Xers 

0.077 
0.067 
0.040 
0.047 

600* 
624 
610 
615 

Z23\ 

5B869* 
4448 
4099 
4129 
4357 

7834* 
6787 
8556 
9518 

6962* 
5339 
5074 
4245 

5370* 
3390 
3480 

fo LE 
6692 
5874 
4090 

7834* 
8211 
6820 
7318



Figure 5.8! Modelled P - fT paths for the Streamstown Fm 
(Roeillaun schist Mb) samples. Filled diamonds indicate 
calculated rim P - T, open diamonds modelled core P - T. 
1: 69229, 2: 69230, 3: 69623, 4: 69625, 5: 69627. 
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Figure 5.9: Schematic diagram of particle paths (after Jamieson & 
Beaumont in press) from the Streamstown Fm lithologies. 
Arrows indicate the direction of movement. 
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inclusion trails which suggest the garnet growth was relatively 

early in the Dz deformation {3.2.3}, before the initiation 

of staurolite growth {4.1.4}. The timing of mineral growth seen 

in samples 69229 and 69230 suggests that the early phases of 

garnet development were in an assemblage lacking staurolite 

{4.1.4} but with chlorite present, and as such the modelling of 

the rim assemblage (including staurolite) through to the core is 

incorrect. It is possible that those parts of the P - T paths 

modelled from garnet compositions close to the garnet core (i.e. 

early in the garnet development, the external assemblage 

containing chlorite) are an artifact of modelling through an 

assemblage change and do not represent ‘real’ P - T paths. 

However, within the rims of such garnets (where the coexisting 

assemblage contained staurolite) modelling coditions will be 

consistent with the external assemblage. 

In 69623, the growth of garnet and staurolite was synchronous, as 

determined from inclusion textures {3.2.3 and 4.1.3.7}. The 

modelling of the P - T paths using the same external assemblage 

from core to rim is valid in this case and the resulting paths 

represent the ’real’ P - T variation during the development of 

the garnet. The assemblage in 69627 which contains primary 

chlorite and produces a P -T path showing the same polarity of 

movement as the paths for 69623, 69625 and the later growth 

stages of garnets 69229 and 69230. 

The results of P - T path modelling on the garnets from the 

Streamstown Formation (which lies to the south of the RBS) show 

the syn - Dz garnet growth to be agompanied with a pressure 

increase (and a possible early pressure decrease). 

The garnet modelled from the Kylemore Formation (north of the 

RBS), 69238, produces the results in Table 5.24 and the path 

shown in Figures 5.10 and 5.11. This path has a complex form, 

with an initial pressure decrease (of 500bars) followed by an 

increase (of 1.4kb) and a final decrease (of 2kb). The overall 

effect is of a net decrease in pressure during the, syn - 

De, garnet growth. 

The two sets of P - T path data indicate that the two ‘units’
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Figure 2.1: Comparison of the stratigraphy erected in this work 
with that of Cruse (1963) and the regional stratigraphical 
correlation (after Tanner & Shackleton 1979). 

Cruse (1943) Tanner_& Shackleton (1979) This work 
{Argyll Group Dalradian) 

Kylesore Formation 

Pebble bed Ballynakill Formation Trawaore psammite 

Grt ~ St schist 7a Gubbatoor sarble 

Grey marbie Gubbatoor psamaite 

Anphibolite Lakes Harble Formation Doongill amphibolite 

Renvyle Series ————— kylemore Formation   

Tonabina aarble 

Pebbly quartzite Roeillaun schist 

Doongill garnet 

semipelite 

Dawrosbeg striped 

psammite 

Tully Succession Streaastown Formation 

Derryinver siliceous 

psamm@ite 

Derryinver psammite 

Tully Hountain white —— Bennabeola Quartzite 

quartzite Foraation 

Grey marble 

  

Bennabeola Quartzite   

Nb, The Renvyle - Bofin slide, although separating the Kylemore 
and Bennabeola Quartzite Formations for much of its length, cuts 
up through the _ stratigraphy to locally juxtapose the Kylemore Fm 
with parts of the Streamstown (Dawrosbeg striped psammite) and 
Lakes Marble (Doongill amphibolite) Formations.
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5.10: Modelled P - 
Dot indicates 

T path for 
calculated 

sample 69238 from the 
rim P - T, open circle 
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5.11: Schematic diagram of particle paths (after Jamieson 
in press) from the Kylemore Fm lithology. Arrow 
direction of movement. 
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separated by the RBS show different polarities of movement during 

the syn - Dz growth of garnets. The Kylemore Formation, to 

the north of the RBS, shows evidence of syn - deformational 

pressure decrease (uplift associated with exhumation as described 

by Jamieson & Beaumont, in press), whereas the lithologies to 

the south of the RBS record syn - deformational pressure increase 

(burial). This suggests that the De deformation involved 

movement on the RBS such that the Kylemore Fm was uplifted and 

the lithologies to the south of the RBS were buried.
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Chapter 6: The modelling of thermal systems in the 

crust
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6.1 Introduction 

The application of techniques such as P - T path modelling 

{5.5} and absolute thermobarometry, has enabled the qualitative 

and quantitative determination of thermobarometric histories 

within orogenic systems. P - T paths derived from mineral 

assemblages can be compared with those produced by modelling the 

evolution of idealised crustal scale thermal systems. This 

chapter considers the application of simple one - dimensional 

thermal modelling (after England & Richardson 1977) to the study 

area, and compares the results of this approach with the P - T 

paths calculated using the method of Spear & Selverstone (1983). 

6.2 The basic terminology used in describing crustal 

thermal systems 

6.2.1 Geothermal gradient: The relation between 

temperature (T) and vertical depth (x) within the Earth’s crust 

at any one time. The resultant thermal gradient may represent a 

steady state, equilibrium geothermal gradient, or a transient 

geothermal gradient which will change with time (Thompson & 

England 1984). The geothermal gradient may be either linear or 

non - linear. 

6.2.2 Isobar: Surfaces of equal pressure. Because such 

surfaces are largely dependent on the load of overlying rocks the 

pressure gradient is generally considered to have its maximum 

development in the vertical direction. 

6.2.3. Isotherm: Surfaces of equal temperature. The 

spacing of these surfaces is controlled by the geothermal 

gradient, which is in turn controlled by factors such as the heat 

flux and thermal properties of the rock pile. Where the 

geothermal gradient is linear the spacing of the isotherms is 

constant. However, where non - linear geothermal gradients are 

developed, the spacing of the isotherms varies and is dependent 

on the nature of the geothermal gradient. 

P.H. Thompson (1976) suggests that the orientation of the 

maximum thermal gradient is not always that of the vertical 

geothermal gradient, with the result that isothermal surfaces are
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Figure 6.1: Schematic diagram showing the relations of isotherms (bold lines) to isobars (faint lines), within a "thermal dome’ after P.H. Thompson 1976. 
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not parallel to isobaric surfaces (Figuré 6.1). Such non - 

parallel geometries of isothermal and isobaric surfaces are rare 

within equilibrated crustal thermal systems, although common 

within crustal systems which have been disturbed (A.B. Thompson 

1981, Fowler & Nisbet 1982). 

6.2.4 Heat flux: The heat flux through a system is the 

flow of heat per unit area per unit time. _Fourier’s law defines 

the heat flux in one dimension as being directly proportional to 

the temperature gradient: 

q = -k T/a 

In equilibrated crustal thermal systems, the surface heat flux 

is controlled by subsurface heat addition to the crustal pile, 

such that: 

Qa = qa + bA 

where qm is the fraction of heat flow derived from the lower 

crust and mantle, b is the fraction of heat added to the system 

by crustal heat generation (A). The heat flux (qa, am) is 

measured in uW/m?. 

The heat flux through a sequence of lithologies is also 

controlled by the thermal conductivity of the lithologies 

involved (Oxburgh & Turcotte 1974). 

6.3 Controls on the development of equilibrium geothermal 

gradients 

6.3.1 Heat addition 

6.3.1.1 Internal radiogenic heat production (A): The decay 

of radioactive elements such as U, Th and K within the crustal 

material provides a significant source of heat to crustal thermal 

systems. The concentration of the radioactive elements and their 

spatial distribution are major controls in the form of 

equilibrium geothermal gradients (England & Thompson 1984). 

Heat production is measured in uW/m3. 

6.3.1.2 External heat sources (qm): The heat flux 

from the lower crust and mantle contributes towards the surface 

heat flux {6.2.4} and variations in this heat flux affect the
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shape of equilibrium geotherms (Roy, Blackwell & Birch 1968). 
However, the production of models which allow for qa 
variation show that the effects of varying qa take a 
considerable amount of time ( >100 Ma) to be transmitted through 
the entire system (Nisbet & Fowler 1982), 

The value of qe does, however, appear to vary laterally 
(Roy et al., 1968) and this variation is related to the 
tectonic setting of the equilibrated system. 

6.3.2 Heat loss 

6.3.2.1 Conductive heat transfer: The rate of heat transfer 
through a rock is controlled by its heat capacity (Cp) and 
conductivity (k) (Oxburgh & Turcotte 1974), 

6.3.2.2 Convective heat transfer: The transport of heat 
away from a crustal system by either hydrothermal or magmatic 
fluids would have a considerable influence of the nature of the 
geothermal = gradient. Such effects are more likely to be 
developed in crustal systems where the _ thermal gradient of 
perturbed by some mechanism, rather than in equilibrated crustal 
conditions. 

6.3.2.3 The geometry of the crustal system: The internal 
geometry of the crust, such as layers of different heat producing 
values, k and Cp, show considerable control on the form of 
the equilibrium geotherm. 

6.4 The perturbation of equilibrium geothermal 
gradients 

By modelling metamorphic facies seen at the surface using 
petrogenetic grids, Richardson (1970) showed that the ’normal’ 
equilibrium geothermal gradients would not be able to produce 
many of the facies observed. Indeed, the normal equilibrium 
geotherm ’passes through a singularly uninteresting area of the 
petrogenetic grid’ (Richardson 1970), many metamorphic facies 
being the products of anomalous geothermal gradients, Such 
anomalous: geotherms are typically transitory in nature (Thompson
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& England 1984), being produced by the perturbation of a pre - 

existing thermal system. Non - equilibrium perturbed geotherms 

are, by their very nature, unstable. Thermal relaxation will 

occur over a period of time until an equilibrium geotherm is 

obtained. The mechanisms which can lead to the perturbation of a 

thermal system are discussed below. 

6.4.1 Variation of qm and _ its consequences: As 

previously discussed {6.3.1.2}, variation in the values of 

qa will produce changes in the equilibrium conditions for a 

particular section of crust. These changes in thermal conditions 

will be transmitted at a relatively slow rate through the system. 

If the value of qm is increased significantly, large amounts 

of partial melting may occur at depth long before the near 

surface geothermal gradient is affected (Nisbet & Fowler 1982). 

The upward buoyant rise of the resultant magma would transfer 

heat upwards into higher crustal levels perturbing the geotherm. 

The volume of rock affected by the thermal effects of intrusions 

is controlled by several factors such as the volume of the 

intrusion, the magma temperature and k, the country rock 

temperature and k and the presence or absence of fluids (e.g. 

Jaeger 1961). 

As the intrusion of new material is adding to the crust, the 

thermal properties of the intrusive rock will determine how 

closely the post - intrusive thermal system will resemble the pre 

- intrusive one. Intrusions which are relatively enriched in 

heat producing elements will have a significant heating effect 

due to their radiogenic heat production. Where the heat 

production within the intrusion is significantly higher than that 

in the surrounding rocks the intrusion will act as a heat source, 

locally increasing the crustal temperature and raising the 

geothermal gradient. Intrusive bodies which are poor in heat 

producing elements tend to act as heat sinks, locally depressing 

the thermal gradient around themselves (Nisbet & Fowler 1982). 

6.4.2 Heat transfer through the convection of a fluid 

phase: The effects of heat transfer by fluids has been 

largely neglected in the modelling of regional thermal systems, 

the majority of quantitative studies of this process having
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considered the effects contact metamorphic systems. Studies 

which consider the effects of fluid movement within regionally 

metamorphosed areas (eg, Ferry 1976, 1980, Wickham & Taylor 1987) 

are relatively rare. Whilst it is evident that fluids play a 

major role in the evolution of such terrains the actual effects 

of fluid movement are not yet sufficiently well understood to 

allow anything other than qualitative assessments. 

England & Thompson (1984) consider the transfer of heat by 

magmatic fluids to be unimportant in the overall thermal budget, 

the magmatic fluids just redistributing the heat within a 

regional thermal system. However, it is evident (e.g. Richardson 

1970, England & Richardson 1977) that the upward transport of 

heat by the movement of fluids is of considerable importance. 

6.4.3 Endothermic Reactions: The role played by heat 

consuming chemical reactions, such as dehydration reactions at 

high amphibolite facies, has been considered by England & 

Thompson (1984). Their calculations show that the heat required 

to produce a 5% (by volume) dehydration of the continental crust 

over a 30 Ma period is approximately 0.6 uW / m3. This 

figure is considerably less than the internal heat production 

over a similar time period. If a large volume of rock were to be 

dehydrated in a very short time period the resultant heat loss 

would be on a suitable scale to produce a change in the regional 

heat budget. The rates of dehydration and the volume of rock 

needed to undergo such a reaction are such that heat loss on a 

large scale is unlikely to be significant in the thermal 

evolution of a system (England & Thompson 1984). 

6.4.4 Tectonic processes: Sleep (1979) showed that if 

crustal deformation occurs at a rate which is greater than the 

rate at which isothermal surfaces are able to re - equilibrate 

then the isothermal surfaces will be deformed. The effects of 

such deformation of isothermal surfaces have been considered in 

both compressional and extensional tectonic regimes. 

6.4.4.1 Compressional tectonic regimes: Compressional 

tectonic systems can achieve crustal thickening by two main 

processes, overthrusting or folding. Systems in which the
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crustal thickening is achieved by overthrusting form the bulk of 

models of crustal thermal evolution (e.g. Oxburgh & Turcotte 

1974, England & Richardson 1977). Limited studies have been 

undertaken in modeling the thermal effects of crustal thickening 

due to folding (e.g. Sleep 1979, Chamberlain & Karabinos 1987). 

The modelling of the thermal evolution of the study area 

carried out in this work {6.5} considers a thermal system which 

is perturbed by the emplacement of an overthrust. The methods of 

calculation of overthrust models and their results are discussed 

later {6.5, 6.6}. 

6.4.4.2 Extensional tectonic regimes: The evolution of 

extensional tectonic systems and their effects on the thermal 

structure is becoming an important field of investigation in 

relation to hydrocarbon development and maturation (e.g. McKenzie 

1978). The modelling of extensional thermal systems is not 

considered in this work. 

6.5 Modelling of tectonically perturbed crustal thermal 

systems 

6.5.1 Introduction 

The modelling technique discussed below is based on the time 

dependent solution of a one - dimensional conductivity equation 

given by Carslaw and Jaeger (1959). The thermal models were 

calculated using a FORTRAN computer program, REGIONAL, which was 

kindly supplied by Dr A.C. Barnicoat. 

It is noteworthy that the model does not consider convective 

fluid movement as a mechanism of heat transfer, conduction (in a 

vertical direction) being the only heat transfer process 

occurring. The model also does not account for the thermal 

effects of dehydration reactions or the effects of melting within 

the crustal system and the subsequent heat transfer. 

The model used in this work follows the system of England & 

Richardson (1977) in considering the effect of erosion on the 

thermal evolution of an overthrust system. The model uses fixed 

erosion rates to control the uplift of the crustal section. The 

resultant model is of a system in which ’ temperature increases
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of beds by folding. This effect is evident in the area to the 

east of Kylemore where the ’numerous limestones’ noted by the 

survey are due to the repetition of ’one or two beds’ by 

folding. 

(v) The igneous rocks forming the Currywongaun - Doughruagh 

upland area are intrusive into the sedimentary rocks and are not 

the result of metamorphism and melting of these sediments. 

After the work of Kilroe no specific stratigraphic study was 

undertaken, although Wager & Andrew (1930) agreed with Kilroe as 

to the age of the lithologies, noting that the unconformable 

boundary with the Silurian marks a considerable metamorphic 

break. Studies of the igneous rocks of the Letterfrack area by 

Ingold (1937) and Rothstein (1954, 1956) provide descriptions of 

the contact and adjacent lithologies. 

The most detailed previous study of the area is that of Cruse 

(1963) as part of a Ph.D study which covers the islands of 

Inishshark and Inishbofin to the west of Renvyle Point, and the 

Renvyle peninsula, stopping at a N-S line which cuts through 

Tully Lough and Derryinver. The stratigraphy erected by Cruse 

(Figure 2.1) was determined taking account of the structure of 

the area, an important advance. Evidence from graded and cross 

bedding preserved within the metasediments show that the bulk of 

the stratigraphy is inverted, with the major structures (Fs) 

being downward and North facing. The stratigraphy is interrupted 

by a tectonic break (the westward extension of the Kylemore 

valley fault of the Survey) which runs E - W through the islands 

of Inishshark and Inishbofin onto the Renvyle peninsula, where 

its path swings NW - SE. This break, the ’Renvyle - Bofin 

slide’ (RBS) separates a well - stratified sequence to the 

south (the Bennabeola Quartzite, Streamstown, Ballynakill and 

Lakes Marble Formations of Tanner & Shackleton 1979) from a more 

homogeneous sequence associated with the Dawros - Currywongaun - 

Doughruagh igneous complex, the Kylemore Formation (Morris & 

Tanner 1977). Cruse determined that the facing in the Kylemore 

Formation is generally upwards, whereas the lithologies to the 

south of the RBS are downward and north facing. 

Cruse & Leake (1968) follow the correlation of Kilburn et 

al. (1965) of the Connemara rocks with the Dalradian of 

Scotland and Donegal, again using the Cleggan boulder bed as a
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by conductive relaxation whilst concurrently pressure decreases 

by erosion of the pile’ (England & Richardson 1977). Erosional 

parameters, essentially the rate of uplift, are used to calculate 

the change in the temperature gradient due to the erosion. 

The model follows a sequence of events where an instantaneous 

tectonic event (the formation of the overthrust) produces a 

disequilibrium geothermal gradient, which then relaxes during 

uplift. The results of such a model show a three stage thermal 

evolution in the lithologies beneath the thrust (England & 

Thompson 1984) (Figure 6.2). 

(i) An initial isothermal pressure increase associated with 

the emplacement of the overthrust sheet. The model assumes that 

the thrust emplacement is instantaneous (after Oxburgh & Turcotte 

1974) with no re - equilibration of the isothermal surfaces 

within either the overthrust or wunderthrust sheets during the 

thrusting process. 

(ii) A period of increasing temperature associated with 

decreasing pressure. This phase is due to the re - equilibration 

of the perturbed isothermal surfaces during uplift. 

(iii) A final phase of falling temperature and pressure as 

the largely thermally equilibrated material continues to be 

uplifted. 

The overthrust sheet shows a more simple evolution with both 

pressure and temperature falling after the thrust emplacement. 

The model enables the calculation of complete pressure - 

temperature - time (P - T - t) loops for individual points within 

the model system. However, the use of such ’single event’ 

systems are of limited use in modelling polyphase terrains where 

tectonism continues to affect the equilibrating thermal system. 

The results of polyphase models (Thompson & Ridley 1987) which 

consider the effects of a sequence of tectonic, or combined 

tectonic and igneous events on the thermal evolution, are rather 

more complex. Figure 6.3 shows the qualitative effects of 

several different tectonic and intrusive histories on a system. 

The results of garnet profile modelling {5.6} suggest that the 

lithologies to the south of the RBS were loaded and the Kylemore 

Fm was uplifted during Dz. The thermal modelling in this 

work is based on the interpretation of the RBS represents a 

thrust surface, with the Kylemore Fm being the overthrust sheet.
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Figure 6.2: Schematic thermal evolution “of an overthrust 
system showing the evolution of the overthrust (Ot) and the 
underthrust (Ut), after Thompson & England (1984). 
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Figure 6.3: Complex P - T paths resulting from modelling of 
polyphase thermal systems, after Thompson & Ridley (1987). 
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The results of such models are then compared with the P - T paths 

produced in garnet modelling {6.7}. 

6.5.2 Input parameters required by the thermal model 

6.5.2.1 Initial thermal gradient: It is assumed that the 

thrust emplacement occurs instantaneously, and the _ initial 

thermal gradients are preserved in both the overthrust and 

underthrust sheets immediately after the thrust emplacement. It 

is difficult to ascertain the original thermal gradients in the 

study area as no clear evidence is preserved for either the 

criginal plate tectonic setting or the degree of equilibrium 

developed in the thermal systems prior to any tectonism. In the 

modelling it is assumed that the initial thermal gradients within 

both the overthrust (Kylemore Formation) and the underthrust 

sheets were the same and_ represent equilibrium gradients. 

Anderton (1985) interprets the deposition of the Scottish 

Dalradian (with which the Connemara rocks are correlated) as 

occurring within a basin developing due to lithospheric extension 

as described by McKenzie (1978). It is not clear if the 

development of equilibrium thermal gradients within such settings 

is common, although McKenzie (1978) suggests that the upwelling 

of hot athenosphere during extension often precludes equilibrated 

systems. 

The initial thermal gradient used in the modelling is a simple 

linear gradient of 25°C km! in the overthrust and the 

upper part of the underthrust sheet. The gradient beneath 60km 

depth in the underthrust is of 15°C km) (after Nisbet 

& Fowler 1982). The form of the starting gradients, immediately 

after the overthrusting, is shown in Figure 6.4. The assumption 

of linear thermal gradients in the starting temperature profiles 

is a gross over - simplification of the probable nature of the 

original thermal system, but it represents a base state which can 

be used in comparison with the P - T conditions calculated 

through thermobarometry {5.4}. It should be noted that the 

heating effects of the DCD on the initial thermal gradient are 

ignored in the modelling. 

6.5.2.2 The magnitude of the mantle heat flux qu: As
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Figure 6.4: The starting gradients use in the thermal 
modelling. 
a, System (1) 
b, System (2) 

a. b. 
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noted in {6.3.1.2} the magnitude of qm has a control on the 

thermal system, and is also controlled by tectonic setting. 

Yardley, Vine & Baldwin (1982) suggest that the tectonic setting 

of the Dalradian rocks of Connemara changed with time, from an 

initial subduction zone site, where heat fluxes would be 

relatively low, to being the roots of a volcanic arc system 

(Yardley & Senior 1982) within which heat fluxes would be above 

crustal averages. 

As the computation of the model does not allow for any changes 

in qm over time, the value of 38 uW / m? (after 

England & Richardson 1980) was used in the modelling because it 

represents a heat flux intermediate to the reduced fluxes 

associated with subduction zones and the enhanced fluxes seen in 

volcanic arc settings. 

6.5.2.3 The magnitude of radiogenic heating (A): The amount 

of heat added to an equilibrating thermal system by radiogenic 

heating is a major controlling factor in the evolution of that 

system (England & Thompson 1984). In an attempt to reduce the 

error introduced into the modelling by using assumed or average 

values of A, the concentration of radiogenic elements within the 

study area was assessed by field measurement {Appendix A} and by 

laboratory determination of the primary radiogenic heat producing 

elements (U, Th, K) {Appendix B}. 

The U and Th _ concentrations in the different lithologies of 

the study area are tabulated in {Appendix C}. The variation in 

the magnitude of radiogenic heating in the study area (in uW 

/ wm) is shown on {Enclosure 3}. The mean heat production 

(A) values for the different lithologies of the study area are 

shown in Table 6.1. 

The magnitude of radiogenic heating of relatively constant 

within lithologies, the primary differences being between the 

lithological units. In the metasedimentary lithologies north of 

the RBS (the Kylemore Fm) the primary variation is between 

psammitic and more pelitic lithologies, with the psammites 

showing a mean A (in uW / m3) of 1.415 and the pelites 

showing a mean of 1.903. No clear variation in heat production 

between regional and contact metamorphic lithologies is apparent. 

The ultrabasic and basic igneous bodies are characterized by low
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Table 6.1: Mean heat production values, in uWm-3, in the 
different lithologies of the study area. 

Lithology n mean s.d. 

Peridotite 8 0.247 0.081 
Gabbro 23 0.485 0.191 

Kylemore Fm 

Pelite 44 1.903 0.416 
Semipelite 46 1.594 0.404 
Psammite 13 1.415 0.290 

Bennabeola Quartzite Fm 

Quartzite 17 0.712 0.246 

Streamstown Fm 

Pelites 4 LlaSta, 10% 222 
Psammites 14 1.721 0.593 

Lakes Marble Fm 
Psammites 5 1.600 0.070 
Marbles 4 0.468 0.361 
Amphibolite 7 0.439 0.168
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concentrations of radiogenic elements, and hence, by low heat 

production values (mean values of 0.485 for gabbros, and 0.247 

for ultrabasic lithologies). 

In rocks to the south of the RBS the control of lithology, and 

particularly the mica content, on the heat production is clear. 

The Bennabeola Quartzite Fm shows a mean heat production of 0.712 

uW / m*, with the micaceous psammites and semipelites of 

the Streamstown Fm having a mean of 1.721 and the highly 

aluminous schists of the Roeillaun schist Mb having a mean heat 

production of 1.915 uW / m3, The marbles and 

amphibolites of the Lakes Marble Fm show mean heat productions of 

0.468 and 0.439 uW / m® respectively, with the psammitic 

lithologies having a mean of 1.6 uW / m3, 

The relation between weight percent XK (K%) and Th 

concentration is discussed by Atherton & Brotherton (1979), who 

note that, whilst Th may be concentrated in layered silicates it 

may also be present in minerals such as zircon and K - feldspar. 

Zircon is a common accessory within pelitic schists in the study 

area, often being apparent as inclusions in biotite mica 

{4.1.3.2}, surrounded by pleochroic haloes. K - feldspar is 

common within the migmatitic aureoles of the DCD {4.1.3.6}. A 

plot of K% V. Th (Figure 6.5) shows a wide spread of values, 

Suggesting that Th is present in mica, K - feldspar and zircon 

grains (Atherton & Brotherton 1979). 

A plot of Th V. U (Figure 6.6) shows a spread away from ideal 

ratios, suggesting either original sedimentary differences, or 

element mobility during metamorphism. No clear relation between 

the grade of metamorphism and the Th / U ratio is apparent. 

The heat production values used in modelling are shown in 

Figure 6.7. 

6.5.2.4 The geometry of the system being modelled: The 

geometry of the thermal system has a degree of control over its 

resultant equilibration. The orientation of the thrust plane and 

the lithological layering are considered to be horizontal for the 

model, with heat conduction being in the vertical sense. This 

geometry may well be consistent with the initial form of the RBS 

{3.3}. The thickness of the Kylemore Fm and other lithologies 

above the RBS at the time of thrust emplacement is based on the
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Figure 6.5: Plot of K% V. Th in the metasedimentary rocks of 

the study area (fields after Atherton & Brotherton, 1979: a, 

Th in K - feldspar, b, Th in mica, c¢, Th in zircon). 

Triangles indicate Kylemore Fm contact metamorphic 

lithologies, dots Kylemore Fm regional metamorphic 

lithologies, squares other lithologies. 

  
15 20 25 

Thppm 

Figure 6.6: Plot of Th V. U in all lithologies in the study 

area. 
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Figure 6.7: The lithological thicknesses and heat production 

values (in uW / m*) used in the thermal modelling. 
1, Kylemore Fm; 2, Gabbro; 3, Bennabeola Quartzite Fm; 4, 

Streamstown Fm; 5, Lakes Marble Fm and _ “miscellaneous 

semipelites; 6, Undifferentiated lower crustal rocks (heat 

production values from Nisbet & Fowler 1982). 

a, System (1). 

b, System (2). 

km 
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calculated pressures {5.4} in lithologies beneath the slide. The 

mean pressure of 7.88kb suggests that the thickness of material 

above the slide (assuming a mean density of = 2.81 g 

cm for the pelites and psammites of the Kylemore Fm) of 

between 20 and 25km. The thickness of overthrust used in the 

modelling is 25km. 

The scale of the internal layering in the two vertical 

sections modelled is based on the true thicknesses of the 

lithological succession. The internal heat production values 

{6.5.2.3} ascribed to each of the layers are based on the 

measured element concentrations. The thicknesses of lithological 

units and the heat production ascribed to them are shown in 

Figure 6.7. 

The model system used could not allow for differing values of 

conductivity (k) and density within the lithological 

sequence. The value of k used in the modelling is 2.2 W/ m / 

°K an intermediate value for =k in metamorphic 

lithologies similar to those in the study area (Clark 1966). A 

model density of 2.81 g cm? is also an intermediate value 

for metamorphic rocks similar to those within the study area 

(Daly, Manger & Clark 1966). 

6.5.2.5 The rate of uplift of the overthrust system: The 

time available for a rock unit to undergo a thermal event in the 

model is the period between the overthrusting and the arrival of 

that particular rock unit at the surface. In modelling the study 

area it is possible to constrain the time period between the syn 

- De movement on the thrust plane (RBS) and the time at 

which the Kylemore Formation reached the surface. The timing of 

the syn - Dz emplacement of the Connemara ultrabasic suite 

at c. 515 4 15 Ma. (Leggo & Pidgeon 1970) provides 

an age for the emplacement of the Kylemore Fm as an overthrust. 

The Kylemore Formation is overlain by unmetamorphosed sediments 

of Silurian age (the Upper Llandovery Kilbride Fm, Ryan 1983). 

The absolute age of Llandovery sedimentation is considered by 

Harland, Cox, Llewellyn, Pickton, Smith & Walters (1982) to be 

42B - 4386 Ma. 

These dates suggest that the time available between 

overthrusting and the unroofing of the thrust was between 80 and
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marker horizon. 

Regional stratigraphic correlations were considered by Tanner 

(1968) and Tanner & Shackleton (1979) who produced a stratigraphy 

for the entire Bennabeola area of NW Connemara. This 

stratigraphy (Figure 2.1) was again correlated 

lithostratigraphically with the Scottish Dalradian and the work 

also noted that the stratigraphic succession in a major part of 

the Bennabeola area was inverted. This work further emphasised 

the need to clarify the structure in determining the 

stratigraphy, as the existence of early (F2) fold closures 

produces repetitions in stratigraphy, along with attenuation and 

local loss of stratigraphic horizons along slides. The effect of 

slides on the stratigraphic sequence is particularly evident in 

the study area where the RBS cuts across the stratigraphy. 

Tanner & Shackleton (1979) tentatively suggest a correlation 

between the Kylemore Formation and a similar sequence of 

lithologies associated with the south Connemara  ultrabasic 

bodies, the Cashel Formation, and the Ballynakill Formation. 

The stratigraphy erected in this work is described below (and 

Figure 2.1), the mineralogical and textural features of the rocks 

being covered in {Chapter 4}. In the lithological descriptions 

given it should be noted that: 

(i) all thicknesses of units are post - tectonic thicknesses 

{Enclosure 2}; 

(ii) the bulk of the stratigraphy is inverted such that the 

structurally highest units are the stratigraphically lowest; 

(iii) the stratigraphy is interrupted by the RBS and the 

relation between the Kylemore Formation, to the north of the 

slide, and the main stratigraphic sequence to the south is not 

clear. 

21.2 Stratigraphic Sequence 

2.1.2.1 Lithologies to the south of the Renvyle - Bofin 

slide 
The lithologies to the south of the Renvyle - Bofin slide show 

a well-developed stratigraphic sequence which is correlated with 

the sequence in the Twelve Bens area (Tanner & Shackleton, 1979). 

It should be noted that the stratigraphy established in this work



254 

100 Ma., which gives a minimum uplift raté (calculated from the 

overthrust thickness of 25km noted in {6.5.2,4}) of 0.25km per 

Ma, or 0.25mm per year. This value is slightly lower than the 

range suggested for typical Alpine and Himalayan uplift rates by 

England & Richardson (1980). It has been suggested (Leake, 

Tanner, Singh & Halliday 1983, Bluck & Leake 1986) that the rate 

of uplift was very rapid at around 460 Ma as this period 

corresponds with the development of low pressure metamorphic 

assemblages (Crd / And). Although evidence of rapid uplift is 

present in the Scottish Dalradian (Dempster 1985), both the 

timing and rate of uplift in the Connemara massif remain 

enigmatic. 

Pidgeon (1969) notes the occurrence of clasts of Dalradian 

quartzite and schist within Lower Ordovician conglomerates and 

implies that this represents an age of unroofing for the 

Dalradian of Connemara (470 - 455 m.a). However, no sedimentary 

contact between Ordovician and Dalradian lithologies is evident. 

As the evidence for the duration and rates of uplift is so 

limited, a value of 0.25mm per year is used in the modelling. 

6.6 The results of thermal modelling 

The thermal evolution of two vertical crustal sections was 

modelled. System (1) consisted of an homogeneous sequence of 

metasedimentary lithologies (25km thick), corresponding to the 

Kylemore Fm, emplaced over a sequence of varying heat production, 

corresponding to the lithologies to the south of / beneath the 

RBS. System (2) was essentially the same, although a 4km 

thickness of material with lower heat production values and a 

thermal gradient of 15°C / km equivalent to the gabbroic 

material was placed at the base of the Kylemore Fm (above the 

RBS). The starting conditions for these systems are shown in 

Figure 6.7. 

The results of system (1) are shown in Figure 6.8. The 

thermal relaxation of the initial saw - tooth geotherm (Oxburgh & 

Turcotte 1974) occurs within the first 8 Ma of the thermal 

evolution to give a continuous temperature gradient. The 

variation of heat production in the lithologies beneath the 

thrust have an influence on _ the initial stages of the thermal



Figure 6.8: The results of the thermal modelling of system 

(1). The values adjacent to the curves indicate time in Ma. 
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evolution, although after 32 Ma the effects of heat production 

variation are no longer significant. The thermal gradient after 

32 Ma is higher than that developed in the initial system. The 

results of system (2) (Figure 6.9) are similar to those of system 

(1) although some minor differences do occur. The modelled 

pressure - temperature - time (P - T - t) paths for the 

overthrust and underthrust units are shown Figures 6.10 and 6.11. 

The overthrust unit in both systems shows a_ simple thermal 

evolution (Figure 6.10) with an initial period of falling 

temperature in lithologies near to the thrust surface followed by 

heating. The temperature fall is due to the relaxation of the 

temperature inversion of the saw - tooth gradient. The maximum 

temperatures reached during the heating phase are lower than the 

starting temperatures. The heating during uplift ceases after 

= 20 Ma, after which the rocks cool during uplift. The 

Sequence of initial temperature fall followed by a period of 

heating is seen only in lithologies less than 7km above the 

thrust plane (i.e. at depth of 18 - 25km). The lithologies which 

occur more than 7km above the thrust show paths with continuous 

cooling during uplift. In system (2) a 4 km thickness of gabbro 

occurs immediately above the thrust and the initial temperature 

at the thrust is slightly lower (560°C against 600°C in 

system (1)) and the P - T - t path follows a slightly lower 

temperature route during uplift. 

The underthrust unit in both system (1) and system (2) shows a 

rather more complex P - T -t history (Figure 6.11), with an 

initial period of thrust induced isothermal loading followed by a 

period of heating during uplift, and then an uplift and cooling 

phase. The initial loading phase is isothermal because the model 

considers thrust sheet emplacement to be instantaneous, thus 

allowing no time for the isothermal surfaces to migrate. The 

problems involved in the consideration of instantaneous thrust 

emplacement are discussed later. In the period within 20 Ma of 

the thrust emplacement, the underthrust sheet undergoes rapid 

heating to a maximum temperature of over 500°C and then 

cools at a rate similar to that seen in the overthrust sheet. 

Both model systems show similar evolution curves (Figures 6.10 

and 6.11) although system (2) follows a slightly lower 

temperature path, the temperature difference probably being
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Figure 6.10: Pressure - temperature - time (P - T - t) paths 

for a point Ikm above the base of the overthrust sheet. Dots 

indicate system (1), triangles system (2). Values the the 

right of the points indicate time in Ma. 
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Figure 6.11: Pressure - temperature - time (P - T - t) paths 
for a point lkm below the base of the overthrust sheet. Dots 
indicate system (1), triangles system (2). Values the the 
right of the points indicate time in Ma. 
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controlled by the lower initial temperatures at the thrust plane 

in system (2) and the lower radiogenic heating in the gabbroic 

unit. 

6.7 Discussion 

The pressure - temperature - time (P - T - t) paths produced 

by thermal modelling can be compared with the pressure - 

temperature (P - T) paths produced by garnet zoning modelling 

{5.6}. As noted in {6.5.1} the thermal modelling was based on 

the assumption that the Kylemore Fm represents the overthrust 

unit, and the lithologies to the south of the RBS (the 

Bennabeola, Streamstown and Lakes Marble Fms), the upper part of 

the underthrust sheet. 

At first sight, only those P - T paths produced in modelling 

zoned garnets from the Streamstown Formation show any obvious 

relation to the P - T - t paths produced in the thermal modelling 

(Figure 6.12). It is important to note that the garnets record 

information on only the early stages of the thermal evolution, 

since the timing of garnet growth within regional metamorphosed 

rocks can be constrained as being syn — Dz {3.2.3} (i.e. 

during the movement on the RBS). This factor being considered, 

the P - T paths derived from the garnets should be correlated 

with those stages of the thermal model which involve the thrust 

emplacement. 

As the model system used in this work considers the thrust 

sheet to have been emplaced instantaneously, and natural thrust 

systems take a finite period to be emplaced (e.g. Thompson & 

Ridley 1987), the model will not produce a_ result which is 

directly comparable with the garnet P - T paths. 

The complete form of the thermally modelled P - T - t path for 

the underthrust sheet (Figure 6.11) is not seen in the garnet 

paths, which record only a pressure increase (and a possible 

earlier slight pressure decrease {5.6}), here interpreted as 

being due to the thrust sheet emplacement. Whilst the P - T - t 

path derived from the thermal modelling shows the pressure 

increase phase to be isothermal, the garnet paths show a slight 

increase in temperature during this burial. Modelling of thermal 

systems where thrust emplacement is non - instantaneous (e.g.
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Davy & Gillet 1986, Shi & Wang 1987) show that thermal relaxation 

leads to re - equilibration of the overthrust (saw - tooth) 

geotherm during the thrust movement. In such models the 

underthrust sheet undergoes a temperature increase synchronous 

with the loading event. The resultant P - T - t path shows an 

initial period of rapid loading associated with a temperature 

increase, an event sequence recorded in the garnet zoning of the 

underthrust sheet. However, the starting temperatures of the 

underthrust sheet material in the model (50°C 2km beneath 

the thrust) are considerably different from those produced in 

garnet modelling (? 500°C). The high temperatures 

may be ascribed to a variety of reasons: 

(i) The present top of the underthrust sheet may not 

represent the highest portion of the sheet, later reactivation of 

the RBS {3.3} possibly cutting the stratigraphically higher 

material out of the sequence. 

(ii) The top of the underthrust may not have been at the 

surface before the thrusting event, i.e. the RBS represents 

either a ramp cutting up section, or a mid crustal flat. 

(iii) Emplacement rates on the RBS were such that the re - 

equilibration of isothermal surfaces resulted in equivalent 

temperatures either side of the thrust. 

{iv) Garnet growth may be relatively late in the thrust 

movement history, such that thermal equilibration across the 

thrust may have raised the temperature to give conditions 

suitable for the growth of garnets. 

There is no clear evidence as_ to the original form of the 

underthrust sheet or to rates of thrust emplacement on the RBS, 

and consideration that the growth of garnet would not occur at 

low temperatures suggests that the P - T paths produced from 

garnet zoning may only record the late, higher temperature, 

stages of the overthrusting. As such, the garnet derived P - T 

paths would represent only the later portion of the burial phase 

in the P - T - t paths calculated from thermal modelling and the 

apparently high temperatures recorded in the garnet paths are due 

to the initiation of garnet growth as syn - deformational thermal 

re — equilibration raised temperatures to suitable levels. 

The P - T paths calculated from garnet zoning in the 

overthrust sheet (the Kylemore Fm) {5.6} show uplift associated
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Figure 6.12: Comparison of P - T - t paths produced by thermal 
modelling with the P - T paths produced in garnet profile 
modelling. 

a, The underthrust sheet P - T - t and the P - T paths 
produced by modelling Streamstown Fm garnets. 
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Figure 6.12 (cont) 
b, The overthrust sheet P - T - t paths and Kylemore Fm garnet 
P - T paths. 
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with a slight temperature decrease (Figure’6.12). The thermally 

modelled P - T - t paths for the overthrust show an initial 

temperature decrease associated with the immediate post - thrust 

equilibration of the saw - tooth geotherm. As the P - T paths 

derived from garnet modelling are syn - deformational it is 

unlikely that these paths represent the immediately post - 

thrusting system, but are more likely to be related to syn - 

deformational thermal re - equilibration of the thrust sheet. 

Davy & Gillet (1986) show that a time - dependent thrust 

emplacement results in cooling of the lower portions of the 

overthrust during the period of thrust motion along with the 

heating of the upper portion of the underthrust. 

The results of different values of qm or uplift rates are 

not considered in this modelling, as metamorphic evidence for 

events after Dz is poor {4.1.4}. However, qualitatively, 

the effects of increased basal heating or more rapid uplift would 

lead to higher temperatures at shallow depths (Nisbet & Fowler 

1982). It is possible that the period of rapid uplift discussed 

by Bluck & Leake (1986) may have occurred within the study area, 

as post - Dz andalusite is locally developed {4.1.3.9}. 

This andalusite may be due to rapid uplift leading to high 

temperatures at relatively shallow depths. Variation in qm 

values takes longer to transmit through the crustal system, but 

it is possible that such variation did occur in the study area 

though the thermobarometric data is too sparse or insufficiently 

sensitive to determine such variation. 

The P - T paths produced by the modelling of garnet zoning 

profiles can be related to the initial stages of overthrust 

development in a 1 - dimensional thermal model system. However, 

the thermal model used in this work, whilst being qualitatively 

valid, produces unrealistic results as the assumption of 

instantaneous thrust emplacement is made. The rates of 

emplacement of natural thrust systems are such that partial 

thermal re - equilibration of the material adjacent to the thrust 

surface occurs (Davy & Gillet 1986) and the P - T paths 

calculated from garnet zoning suggest that this was the case 

during the development of the RBS. Taking this thermal 

equilibration during the thrust movement into account the garnet 

zoning paths suggest that during the Dz deformation the RBS
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differs from the Tanner & Shackleton stratigraphy in the omission 

of the Ballynakill Formation. Although the Ballynakill Formation 

overlies the Lakes Marble Formation in much of western and 

central Connemara Tanner & Shackleton note that it is only 

tentatively correlated with garnet - staurolite bearing pelites 

in northern Connemara. The garnet - staurolite pelites in the 

study area which have been previously correlated with the 

Ballynakill Fm (the Roeillaun schists) actually form part of the 

Streamstown Fm. Cruse (1963), on whose study Tanner & Shackleton 

base the stratigraphy in the Letterfrack area, failed to identify 

an antiformal Fs fold in the Doongill area, and as a result 

misinterpreted the succession. 

2.1.2.1.1 Bennabeola Quartzite Formation 

This is the structurally highest and stratigraphically lowest 

lithology present in the study area. Its thickness is highly 

variable, ranging from several hundred metres in the cores of the 

F3 synformal structures (Tully Mountain and Diamond Hill 

synform), to <15m adjacent to the RBS on the Dawrosmore 

peninsula. 

In outcrop the quartzite is typically white, occasionally with 

a blue - grey tint, with crustose lichen patches (Figure Dee), 

and shows a strongly developed spaced foliation. Locally the 

quartzite shows a pink colour, with scattered angular 1 - 5mm 

clasts of pink feldspar. The foliation fabric is defined by an 

L-S shape fabric in quartz grains and by thin ( <lmm) partings of 

muscovite and chlorite flakes. Where the feldspar clasts are 

present they are flattened in the foliation. Bedding is largely 

absent, seen only where thin (2 - 10mm) dark bands of heavy 

minerals (typically magnetite and pyrite) reveal layering on 100 

- 150mm scale. Locally developed, foliation parallel, heavy 

mineral bands reach thicknesses of up to 100mm. Cross - bedding 

is evident where the heavy mineral bands reveal the original 

bedding. Grit units up to 200mm thick, consisting of strongly 

lineated 5 - 10mm quartz clasts are common in the lower parts of 

the quartzite. 

The contact of the quartzite with the overlying Streamstown 

Formation is locally well exposed e.g. [GR 683 586] and is 

typically marked by a 5 - 10m thick transitional zone of



acted as a thrust plane, the Kylemore Fm being emplaced over the 

Bennabeola Quartzite, Streamstown and Lakes Marble Formations. 

It has been suggested by Yardley, Barber & Gray (1987) that 

the early phase of metamorphism in Connemara (the Barrovian 

phase) was the result of thermal relaxation after the emplacement 

of a large scale overthrust sheet. The later high temperature 

metamorphism, which is most evident in the south of Connemara, is 

ascribed by Yardley et al. to the thermal effects of the 

voluminous syn - orogenic magma suite developed in south 

Connemara. 

The evidence presented in this chapter, along with {3.3, 5.6}, 

is consistent with the hypothesis of Yardley et al. (1987), 

the RBS representing an early thrust (possibly part of a sequence 

of thrusts?) which emplaces the Kylemore Fm over the formations 

to the south, the resultant thermal evolution leading to the 

development of staurolite - garnet grade metamorphism. The study 

area, having ’escaped’ the high temperature effects of the later 

metamorphism, preserves important evidence as to the mechanism 

which lead to the early metamorphism in the Connemara massif. 

264
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Chapter 7: Synthesis and conclusions
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7.1 Introduction 

This chapter attempts to summarize the tectonothermal history 

of the study area {7.2} and to mainte this development to the 

evolution of the rest of the Connemara massif {7.3}. Suggestions 

for possible further work, both on the study area and further 

applications of the methods used, are made {7.4}. 

7.2 Summary of the depositional, metamorphic and 

structural evolution of the study area 

7.2.1 Stratigraphic sequence 

The stratigraphic sequence and lithologies of the study area 

are similar to those in much of north - western Connemara (Tanner 

& Shackleton 1979), although the Ballynakill Fm, common further 

south, is not present. Ferguson & Al - Ameen (1986) interpret 

the spatial variation in lithologies in NW Connemara as being due 

to deposition within a system of basins and swells similar in 

nature to that suggested by Anderton (1985) for the Scottish 

Dalradian. In their model Ferguson & Al - Ameen (1986) consider 

the thin strips of staurolite pelite within the Bennabeola area 

{the Roeillaun schist Mb of the Streamstown Fm in this study) to 

be either a _ transitional facies between basin and swell (Figure 

7.1) or tectonically intercalated sheets. The staurolite pelites show 

sedimentary boundaries with other Streamstown a end are here 

interpreted as a facies variation in the Streamstown Fm. No 

evidence for a tectonic intercalation of these units was found. 

The calc - silicate units of the Lakes Marble Fm (the Gubbatoor 

and Tonabina Marble Members) have been interpreted as turbiditic 

in origin by Ferguson & Al - Ameen (1986). 

The amphibolitic unit within the Lakes Marble Fm, the Doongill 

amphibolite, can be correlated with the Finnisglin member (Badley 

1976) an amphibolite unit which is traceable throughout much of 

the rest of Connemara. This amphibolite unit is considered (e.g. 

Evans & Leake 1960, Badley 1976) to represent a volcanic event, 

the material probably representing an ash flow or similar large 

scale volcanic depositional event. 

Whilst the lithologies to the south of the RBS can be directly 

related to rocks in the main part of the Connemara massif, the 

correlations of the Kylemore Formation are somewhat more



Figure 7.la: Schematic facies relations in NW Connemara during 
the deposition of the Lakes Marble Fm, although prior to the 
deposition of the amphibolitic unit (the Finnisglin Mb 
= Doongill Amphibolite Mb), after Ferguson & Al - 
Ameen (1986). Black indicates shale, cc indicates carbonate 
rich slate/silt, brick ornament indicates carbonate material. 
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Figure 7.lb: Schematic cross - section of the depositional 
system for the Easdale subgroup (Mid - Argyll group) from 
Anderton (1985). 
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contentious. The lithologies of the Kylemore Fm, typically 

thinly interlayered pelites and psammites with local graded grit 

horizons, are correlated by Morris & Tanner (1977) with the 

Cashel Formation in south Connemara, although no interpretation 

of the original sedimentary nature of either of these units is 

made. It is possible that direct correlation of the Kylemore 

Formation with other lithologies in the Connemara Dalradian may 

not be viable and that the RBS represents a terrane boundary 

between the Kylemore Fm and the rest of the Dalradian. However, 

the similarities in deformation sequences in the lithologies 

either side of the RBS, and the lithological correlations of the 

Kylemore Fm _ with lithologies in south Connemara (Morris & Tanner 

1977, Tanner & Shackleton 1979) argue against consideration of 

the Kylemore Formation as a suspect terrane sensu stricto 

(Jones, Howell, Coney & Monger 1983). 

Overall, the lithologies and stratigraphic sequence within the 

majority of the study area are directly comparable with the rest 

of the Connemara massif. The depositional history of the area 

can be considered in terms of the development of a basin margin 

from an extensive open shelf system to local, fault controlled, 

compartmentalized basins, a sequence of events similar to that 

suggested by Anderton (1985) for the Scottish Dalradian. 

7.2.2 Structural and metamorphic sequence 

The structural and metamorphic development of the study area, 

although locally complicated, is on the whole relatively simple 

{3.5, 4.1.4}. The earliest deformational fabrics (S1) seen 

are evident only locally as inclusion trails and in microscopic 

domains within later fabrics. Little evidence as to the origin 

of these fabrics is preserved, although it has been suggested 

(e.g. Yardley 1976, Tanner & Shackleton 1979) that they represent 

a mimetic fabric after bedding. 

A second foliation fabric, S2, is common throughout the 

study area, and is associated with a variably shallowly plunging, 

E - W trending lineation, Lz. These two fabrics are common 

in much of the Connemara massif, and have been related to large, 

nappe - scale fold closures (e.g. Treloar 1982). Evidence from 

extended clasts (Kelly & Max 1979), the development of fabrics in 

porphyroblasts {3.2.4} and locally developed sheath folds suggest
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that the Dz deformation involved a significant component of 

simple shear leading to extension in an overall E - W sense, 

although in the Kylemore Fm around the DCD aN - §S directed 

extension is evident. 

Within the regionally metamorphosed rocks the development of 

the peak metamorphic assemblage, Grt - Bt - St, begins during the 

Dz deformation, although the assemblage is locally post - 

De. It is possible that the deformation enabled the 

metamorphic reactions to progress, either by promoting 

recrystallization and/or increasing the mobility of fluid phases 

(Thompson & Ridley 1987). Yardley, Barber & Gray (1987) suggest 

that the relatively fine grain sizes seen in the Connemara rocks 

(as compared with material from the Ox Mountains) is due to the 

rapid heating rates experienced by the Connemara Dalradian. 

However, as the peak metamorphism in the study area is largely 

syn - deformational it is perhaps more likely that the grain size 

of the minerals was controlled by the deformation, leading to 

overall finer grain sizes within the deformed lithologies of 

Connemara (Bell, Fleming & Rubenach 1986). 

The syn - Dez orientation of the RBS was flat - lying / 

sub - horizontal (Morris & Tanner 1977), and the modelling of 

garnet zoning profiles yields P - T paths which show the RBS to 

have been active as a thrust during De The thrust motion 

emplaced the Kylemore Formation over the lithological sequence to 

the south perturbing the thermal layering within the Dalradian 

lithologies. The relaxation of this system led to the 

development of the metamorphic assemblages seen in the study 

area. The movement sense on the RBS is suggested by the Lz 

fabric to be in an overall E - W sense, although around the DCD a 

N - S Lez lineation is developed. 

The Dz structures and fabrics developed around the 

igneous bodies of the DCD are rather more complex than those in 

the regionally metamorphosed Kylemore Formation. A strong N - § 

lineation associated with a system of ductile shear zones {3.5}, 

along with locally developed convolutely folded migmatite 

patches, are present within the aureole rocks. The shear zones 

show evidence of syn - Dz N - S movement, although the 

polarity of, and reasons for, this movement are unclear. The 

lower yield strengths and non - ideal behaviour of melt - rich
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migmatites (McLellan 1988) may have led to the development of 

complex convolute folding patterns in the migmatitic aureoles of 

the DCD. These folding patterns, which have previously been 

interpreted as fold interference patterns (Bennett & Gibb 1983), 

can be ascribed to a single syn - migmatisation deformation. 

The timing of mineral growth, and the presence of deformed 

migmatitic and sillimanite - bearing rocks, suggest that the 

emplacement of the igneous bodies was a syn - Dz event. The 

gabbroic bodies show sharp igneous contacis (locally overprinted 

by later deformation) whereas the peridotite contacts are 

typically tectonic, showing the peridotite to have been 

tectonically emplaced during the Dz deformation. It is 

likely that a mechanism similar to that described by Kanaris - 

Sotiriou & Angus (1976) led to the tectonic emplacement of the 

peridotite {3.5}. The gabbroic bodies were intruded into the 

Kylemore Fm, and also show evidence of being intrusive into the 

peridotite {2.221.2.253}; Although showing petrogenetic 

affinties with the peridotite {4.2}, the gabbroic bodies show a 

different mechanism of emplacement, and _ retain good contact 

aureole zones. At Creggaun the gabbroic material and its aureole 

are emplaced over the peridotite on a syn - Dz ductile 

thrust {3.5}. Evidence for regional metamorphic assemblages 

overprinting the assemblages in the DCD and its contact 

lithologies is relatively sparse, although the development of 

amphibolitic assemblages within the ultramafic lithologies 

{4.2.1.2} suggest the igneous bodies to predate the regional 

metamorphic peak. The contact effects of the DCD are truncated 

by the RBS, suggesting at least some post DCD movement of the 

RBS. 

The Ds deformation shows evidence for strong N -S§S 

compression, with the development of large scale folds, with 

locally penetrative axial planar fabrics. Chlorite growth in the 

foliation fabrics and local early/pre - D3 andalusite 

suggest that the grade of metamorphism was, on the whole, falling 

during Ds; the andalusite possibly being due to rapid (near 

isothermal?) uplift in the early stages of Ds. Shear zones 

within the aureole lithologies and fabrics associated with the 

RBS show evidence of reactivation, possibly in response to 

flexural slip on F3 folds.
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The Da deformation is not immediately apparent in the 

study area, but reference to other studies (e.g. Morris & Tanner 

1977) indicates that the, largely Dasa, formation of the 

Connemara antiform led to the tilting of the area to the north by 

up to 70°, It is possible that the RBS was again 

reactivated during this tilting, this time behaving as a normal 

fault and down throwing to the north. 

The Dalradian rocks of the study area are unconformably 

overlain by Silurian age sediments (Ryan 1983), showing the 

system to have been exhumed by this time. 

7.3 Regional synthesis and the development of 

the Connemara massif 

The structural evolution of the study area is largely consistent 

with the rest of the Connemara massif, whereas the metamorphic 

history differs from that seen elsewhere in the massif. The 

rocks of the study area show no evidence of the later, high 

temperature ever. recorded in the rocks of south Connemara 

(Yardley, Barber & Gray 1987). This event is ascribed to the 

contact effects of the voluminous intrusive bodies in the south. 

Tt is likely, therefore, that these effects did not extend into 

the study area. 

Initial geochronological studies within the rocks of the 

Connemara massif (e.g. Leggo, Compston & Leake 1966, Moorbath, 

Bell, Leake & McKerrow 1968, Pidgeon 1969) enabled an absolute 

deformation and intrusion chronology to be determined. However, 

recent studies (Kennan, Feely & Mohr 1987 and Jagger, Max, 

Aftalion & Leake 1988) have cast doubt on two of the ’golden 

spikes’ in the Connemara massif, the intrusion ages of the syn 

- De ultrabasic bodies and the late / post tectonic 

Oughterard granite. Table 7.1 presents a summary of the timing 

of events in the Connemara massif in the light of the recent 

work. Work by Elias, Macintyre, & Leake (1988) has attempted to 

determine the cooling history of the Connemara massif. The 

results of such geochronological studies provide a temporal 

framework within which the evolution of the study area and its 

relation to the development of the Connemara massif as a whole 

can be interpreted.
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Recent plate tectonic syntheses which consider the Caledonides in 

the light of terrane models, (e.g. Dewey & Shackleton 1984, Soper 

& Hutton 1984, Barker & Gayer 1985, Hutton 1987) interpret 

Connemara as being a suspect / displaced terrane, having 

displaced away from the main Dalradian outcrop on the Laurentian 

margin by collision - related sinistral strike - slip movements. 

More detailed plate tectonic models consider the sequential 

evolution of the Connemara massif within a plate collision 

involving significant amounts of sinistral strike - slip (Figure 

7.2). These plate tectonic models, used in conjunction with the 

geochronological data and the evidence presented in this work, 

enable an overall event sequence for the Connemara massif to be 

determined. 

Initial deposition of the metasediments of the Connemara 

Dalradian probably occurred between 700 and 600 M.a., in an 

extending ensialic basin on the Laurentian continental margin 

(Anderton 1985). The subsidence of this basin was largely fault 

controlled and the later stages of extension were marked by the 

compartmentalization of the initially shallow shelf setting into 

a series of small basins. Anderton (1985) suggests that the 

thickness and facies variations seen within the Scottish 

Dalradian are largely fault controlled, and it is likely that a 

similar mechanism operated during the deposition of the Connemara 

Dalradian (e.g. Ferguson & Al - Ameen 1986). The extension of 

the basin was also associated with igneous activity, both 

extrusive and high level intrusive bodies being evident in the 

Scottish Dalradian and numerous amphibolite bodies being present 

in Connemara. 

With the end of basin subsidence and the onset of collision, the 

evolution of the Connemara Dalradian begins a structural and 

metamorphic phase comparable with the Scottish Dalradian, 

although the later history of Connemara is somewhat different 

from the Scottish Dalradian. A phase of nappe scale folding, 

associated with the emplacement of the Connemara. ultrabasic 

bodies, and the development of their contact aureoles (the DCD in 

the study area) occurred around 490 + 1 M.a. (Jagger 

et al. 1988), a timing comparable to the Grampian deformation 

in Scotland which led to the development of the Tay Nappe. The 

nappe folds in Connemara (Fz Derryclare anticline folds



Figure 2.2: Field appearance of the Bennabeola Quartzite Formation 
showing the typical pale weathering colour and crustose lichen. 
Lens cap is 49mm diameter. 
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Figure 2.3: Schematic diagram showing the lateral variation in the 
Streamstown Formation in the central Tully Mountain area. DP: 
Derryinver Psammite Member, DS: Derryinver Siliceous Psammite 
Member, DB: Dawrosbeg Striped Psammite Member, DG: Doongill garnet 
semipelite member, RS: Roeillaun Schist Member. Striped ornament 
indicates Bennabeola Quartzite Fm, brick ornament indicates the 
Lakes Marble Fm. 

  

 



Figure 7.2: Stylized model 
Isles sector of lIapetus 
Hutton (1987). 
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of Tanner & Shackleton 1979) are generally evident only from 

mapping stratigraphic repetition around later folds, although 

early large scale south facing and closing folds have been 

reported (e.g. Bremner & Leake 1980, Treloar 1982). The original 

orientation of these nappe folds was generally flat - lying to 

sub - horizontal. A southward emplacement direction has been 

postulated for the nappes (Treloar 1982), although the evidence 

cited in this work for the orientations of Lz stretching 

lineations and Fz sheath fold closures {3.2} suggests that a 

significant component of E - W simple shear, not consistent with 

south - directed emplacement, was involved in the De 

deformation. Hutton & Dewey (1986) suggest that the Connemara 

massif remained attached to the main Dalradian outcrop during 

this period of nappe emplacement, the whole system being involved 

in a period of basin closure with oblique, NW directed, 

subduction and local ophiolite obduction. Ellis (1986) and Ellis 

& Watkinson (1987) show that oblique subduction regimes are 

typically associated with significant ductile extension and the 

formation of stretching lineations which run sub - parallel to 

large scale fold axes and to the length of the orogen. Although 

the evidence for the orientation of the nappe scale fold axes is 

limited, evidence for orogen parallel extension in the Connemara 

massif during the Dz deformation is clear. The plate 

tectonic setting of the massif, close to a NW oblique subduction 

zone, suggests that a transpressive regime, compression 

associated with strike - slip movement, is likely to have 

controlled the deformation of the Connemara Dalradian. 

The initial movements on the Renvyle - Bofin slide also occur 

during Dz, evidence in this work suggesting movement as a 

thrust during Dz, emplacing the Kylemore Fm over the rocks 

to the south, although the dominant E - W extension lineations in 

the study area suggest that the slide was principally a strike - 

slip feature. It is possible that the RBS is a mid - crustal 

structure analogous to the fault surfaces seen within upper - 

crustal transpressional structures (flower structures) (e.g. 

Lewis, Ladd & Bruns 1988) and had elements of both strike - slip 

and dip - slip in its movement. 

Subsequent to the formation of the nappe scale folds the 

Connemara. massif was displaced away from the main Dalradian
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massif, either through the obduction of a sinistral tranform 

fault (Hutton 1987) or by the braiding of the strike - slip 

faults developed in the collision zone (Soper & Hutton 1984, 

Barker & Gayer 1985). The element of strike - slip movement 

involved in the development of the Dz structures in the 

study area suggests that the detachment of the Connemara massif 

from the main Dalradian outcrop through movement on a braided 

tranpressional fault system may have occurred during D2. It 

is possible that the thrust movement on the RBS is related to the 

plate convergence, in a manner similar to the convergence - 

related thrusting seen in recent oblique collision systems (Lewis 

et al. 1988), although modified by elements of lateral 

movement. 

The peak of metamorphism due to the re - equilibration of the 

thrust=—perturbed isotherms, the Barrovian metamorphism of 

Yardley, Barber & Gray (1987), was reached at around the same 

time as the detachment of the Connemara massif occurred. This 

metamorphism produced the peak regional assemblages (Grt - Bt - 

St) seen in the study area. However, the continuation of north - 

westerly directed subduction to the south of the Connemara massif 

led to the emplacement of large volumes of island arc related 

calc - alkaline magma in the south of Connemara (Yardley & Senior 

1982). The heat added to the massif by the emplacement of such 

large volumes of magma, along with rapid uplift rates (Elias, 

MacIntyre & Leake 1988), led to the high temperature, low 

pressure metamorphism associated with the development of the 

Connemara migmatite belt (Yardley, Barber, Gray 1987). The 

timing of this metamorphism is not well constrained; a range of 

ages between 480 - 440 M.a. are cited by Moorbath, Bell, Leake & 

McKerrow (1968). Evidence for metamorphism related to the calc - 

alkaline igneous bodies is not seen in the study area. 

The Ds deformation and the large scale north - facing folds 

related to it have been related by Yardley, Barber & Gray (1987), 

Leake (1986) and Ferguson & Al - Ameen (1986) to the en masse 

uphft of the massif, possibly through ramp climb on the Mannin 

thrust (Yardley et al. 1987). The north facing Fs folds 

may thus represent backfolds formed during the northerly directed 

collapse of the overthickened metamorphic pile. Such a collapse 

may have led to the reactivation of the RBS with a movement
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vector different from its original sense. A collapse and 

thinning of the orogen would lead to rapid uplift rates, as noted 

by Elias, MacIntyre & Leake (1988) who describe a period of 

closure of K - Ar systems in minerals across much of the 

Connemara massif at around 480 M.a., although the overall timings 

produced are complicated by the movement of tectonic slides 

during Ds. Anderton (1988) suggests that many of the major 

fold structures developed in the Scottish Dalradian are related 

to the syn - sedimentary intrabasinal faults and the 

stratigraphic variation related to these folds. It is possible 

that some of the folding in Connemara is related to early fault 

locations, either through reactivation of the fault or through 

lithological thickness variation providing heterogeneities on 

which folds nucleated. It is possible that the numerous tectonic 

slides seen in Connemara represent reactivated faults, although 

information on the relations of these features is limited at 

present. 

At the time the Ds deformation was occurring Connemara was 

lying inboard of the subduction zone, adjacent to (Bluck & Leake 

1986), or docked with, the subsiding South Mayo Trough (Hutton & 

Dewey 1986). Soper & Hutton (1984) have suggested that the 

Ds deformation was due to an overall N - § compression 

within the continental margins related to the cessation of 

subduction. The structures seen in the study area produced in 

the Ds deformation indicate a dominant N - § shortening, 

although  lineations associated with the RBS suggest its 

reactivation in a strike - slip sense {3.5}. It is possible that 

strike - slip movement, associated with the N - S collision, was 

localized on the RBS during Ds. 

Movement on the Mannin thrust, dated at 426 t 10 M.a. 

(Kennan & Murphy 1987), ended the Ds deformation and 

emplaced the Connemara allochthon over a sequence of acid 

volcanics of probable Ordovician age (Leake, Tanner, Singh & 

Halliday 1983). This movement is related by Kennan & Murphy 

(1987) to the docking of the Connemara massif with the South Mayo 

Trough and the initiation of folding within the Ordovician 

sedimentary sequence. 

A sequence of Silurian sedimentary rocks of upper Llandoverian 

age unconformably overlie the Dalradian and Ordovician, providing
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a younger age limit for the terrane accretion event. Bluck & 

Leake (1986) suggest that the Dalradian had completed its uplift 

path significantly before the deposition of the Silurian, and had 

undergone a ’prolonged weathering cycle’ prior to the 

deposition of the terrane linking sediments. 

With the cessation of movement on the Mannin thrust the continued 

shortening of the continental margin was accommodated by the 

formation of the Connemara antiform, along with folding and the 

reactivation of strike - slip faults in the Ordovician and 

Silurian rocks (Hutton & Dewey 1986). It is possible that the 

RBS was again reactivated during the formation of the Connemara 

antiform, possibly acting as a normal fault, downthrowing to the 

north, as suggested by Leake (1986). 

End - Silurian events, probably related to continued N -S 

continental collision (Soper & Hutton 1984), led to sinistral 

shear between the terranes, although the movement was 

concentrated on the bounding faults between the terranes (Hutton 

& Dewey 1986). This period was associated with the intrusion of 

voluminious granitic bodies into much of Connemara. 

The evolution of the Connemara massif can be considered as part 

of a long - lived oblique continental collision, with deformation 

switching between dominantly compressive to dominantly strike - 

slip over time. 

The area studied in this work differs from much of the Connemara 

massif in that it contains evidence of the early stages of the 

metamorphic, igneous and_ structural history which are generally 

overprinted by later events in other parts of the Connemara 

massif, As such, the study area provides an important ’window’ 

into the early history of the Connemara massif, preserving the 

early Barrovian metamorphism along with pre - regional contact 

metamorphism and evidence for the mechanisms of emplacement of 

the DCD. The RBS, an important tectonic boundary, is preserved 

in the study area and, although poorly exposed, shows evidence of 

a long and varied movement history. 

7.4 Suggestions for possible future work 

Although the results of this work shed some light on the 

important events early in the evolution of Connemara massif there



279 

is much scope for further investigations both within the study 

area and in the rest of the Connemara massif. 

(i) An investigation of the fabrics and microstructures 

associated with the Renvyle - Bofin slide, especially on the 

island of Inishbofin where the slide is better exposed, in order 

to refine the movement history of this feature. 

(ii) Further to the study of Kanaris - Sotiriou & Angus 

(1976) an investigation of the petrology, petrogenesis, internal 

structure and contact relations of the gabbroic bodies, 

particularly the Currywongaun and Doughruagh intrusions » would 

provide important evidence as to the relations of these bodies to 

the south Connemara ultrabasic bodies. 

(iii) Microstructure and fabric analyses of the aureole zones 

of the Dawros peridotite and Creggaun gabbro to elucidate the 

local kinematic history and attempt to clarify the emplacement 

mechanisms. 

(iv) Further P - T path modelling, based on garnet zoning, 

coupled with structural investigations, both within the study 

area and in the main Connemara massif, to determine the overall 

*particle paths’ followed by rock units during the metamorphic 

evolution of the massif. This work would be helpful in 

determining the effects of the many tectonic slides within the 

Connemara Dalradian. 

(v) Detailed study of the migmatites of the DCD aureole zone 

to determine the melting reactions involved and the interactions 

between deformation and migmatite development. 

(vi) Further application of garnet zoning P-T path modelling 

in areas with a well constrained tectonic framework which would 

provide a direct test on the validity of the modelling system.
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Appendix A 

Gamma - spectrometer survey techniques 

In order to assess the degree of heat production due _ to 

radiogenic elements (U, Th and K) a reconnaissance field survey 

using a portable gamma - ray analyser was undertaken. The 

spectrometer used was a Exploranium type DISA 300 intergral gamma 

spectrometer, kindly loaned by Dr M.A Khan of Leicester 

University. The field sampling method used was similar to that 

of Cassidy (1981), although the variablity in outcrop over the 

northern parts of the study area prevented the use of a regularly 

spaced sampling grid. The raw field data was recalculated to 

give both stripped count rates and concentrations (ppm) using the 

method suggested by Cassidy. The magnitude of heat production 

due to radioelement decay was calculated using the formula in 

Drury & Lewis (1983). The stripped data, calculated ppm and heat 

production values are tabulated in {Appendix C}.
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Appendix B 

X_- ray fluorescence spectrometry 

Sample preparation: Samples selected for chemical analysis 

were typically large ( >1lkg in weight), although the removal of 

weathered external surfaces and altered joint / fracture planes 

resulted in final weights being somewhat lower. Inspite of 

efforts to remove any alteration and use only the freshest 

material in the analysis some altered material may still be 

present in the final analyses. 

The ’clean’ material was first crushed to grit size and 100g 

palced in a tungsten carbide tema for 4 - 5 minutes (a 5g sample 

of homogenised powder was removed after 30 seconds grinding for 

FeO determinations, although no analyses for FeO were made). The 

resultant powder was homogenised and a sample of 10 - 15g passed 

through a 53u sieve (any powder too coarse to pass through 

the sieve was reduced by hand in an agate pestle and morter) this 

powder was dried at 110°c overnight and used in the 

production of pressed pellets and fusion discs. Pressed powder 

pellets were used for the analysis of MgO, MnO, NazO and 

trace elements, and were prepared by mixing 7g of <53um 

fraction powder with 15 drops of Moviol binder solution (4g 

Moviol + 10ml ethanol + 50ml distilled water). The resultant 

mixture was pressed into a 4cm diameter disc under 5 tons 

pressure. Glass fusion discs were used in the analysis of major 

elements and were prepared by fusing a mixture of approx 0.6g < 

53u rock powder and approx 3.3g of a flux at = 

990°; and casting the melt on to 4cm diameter aluminium 

platterns. The resultant glass disc was mounted on a backing 

disc for analysis. 

Analytical proceedure: Major elements (SiOz, TiOz, AlzO3 

, total iron as Fe2O3, MnO, MgO, CaO, NazO, KeO, K2O and P20s) 

and trace elements (Ba, Ce, Cr, La, Nd, Pb, Rb, Sc, Sr, Th V, Y, 

Zn and Zr) were determined by XRF at the Dept of Earth Sciences, 

Liverpool University. The equipment used consisted of a Siemens 

sequential X - ray spectrometer SRS - 1 powered by a Siemens 

Krystalloflex - 4 generator and controlled by an Apple II+ via a 

Hiltonbrooks controller and drive unit. Major elements were 

determined using Cr primary beam radiation at 50kV and 40mA,
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trace elements using W primary beam radiation generated at 45kV 

and 60mA. Major elements were analysed after the procedure of 

Nag gar & Atherton (1971) with a similar method used in 

determining trace elements (although a correction for major 

element concentration and interference between trace elements 

after Brown, Hughes & Esson (1973) was applied to the trace 

element data). Accuracy in major element analyses was checked by 

analysing a glass disc of a standard (USGS standard rock G2, 

Flanagan, 1973) at intervals during the analysis of the 49 

unknown compositions. The precision for major element analyses 

is given below (data courtesy of J. Sharman). 

Element x sigman-1 c% 

$id2 72.60 0.24 0.33 

Ti02 0.30 0.0041 1.36 

Al203 14.27 © 0.094 0.66 

Fe203 1.76 0.015 0.86 

MnO 0.16 0.0040 2.46 

MgO 1.46 0.046 3.15 

Cad 1.86 0.0063 0.34 

Na20 5.81 0.101 1.74 

K20 4.10 0.011 0.27 

P20s 0.08 0.012 L571 

The data produced by these analyses is presented in {Appendix C}. 

Neutron activation analysis 

In an attempt to quantify the results of field measurements of 

U, Th and radiogenic K selected samples of pelitic, semi - 

pelitic, amphibolitic and ultrabasic material were analysed for 

U, Th and certain other trace elements by instrumental neutron 

activation analysis. The procedure, similar to that of Brunfelt 

& Steinnes (1969), was carried out by Mr M.S. Brotherton at the 

Universities’ Research Reaction at Risley near Warrington. 

The raw data are tabulated in {Appendix C}. 

Electron probe analysis
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Sample preparation: Examination of ordinary thin sections 

enabled the selection of rocks suitable for electron microprobe 

analysis. New thin sections of these lithologies were produced, 

using where possible the offcuts remaining after the production 

of the ordinary sections. The new thin sections were prepared as 

normal thin sections, being cut and ground to = 40 

um , the final polishing being made using progressively finer 

diamond pastes (6um down to 1/4um). The resulting highly 

polished surface was made electrically conducting by coating it 

in a carbon film. 

Analytical procedure: Two electron microprobe systems were 

used, a Cambridge Instruments Microscan 5 at University College, 

London and a modified Cambridge Instruments Geoscan at Manchester 

University. In both cases energy dispersive spectrometer (E.D.S) 

analyses were performed, using an accelerating voltage of 10 - 

15kV, specimen current of 3nA (on cobalt) and take off angle of 

75°. The beam diameter was adjusted to give 2 - 7 um on 

the specimen. Any drift in beam current was checked by making 

regular (1/2 to 1 hourly) analyses of a specific plagioclase 

feldspar and adjusting the controls to give 100% totals. X - ray 

spectra were converted into chemical analyses using Link Systems 

ZAF4/FLS software (Statham, 1977). It should be noted that the 

software did not include results where elements were present at 

<2 sigma levels (approx 0.2 wt% for most elements), any elements 

present at such low levels being recorded as a zero in the 

tabulated data. The data is presented in {Appendix C}.



Table of contents 

Title page 
Abstract 
Table of contents 
List of figures 
List of tables: 
Acknowledgments 

Preface 

Chapter 1: Introduction and regional setting 
1.1 Geographic setting 
1.2 Geological setting 
1.3 The aims of the research 
4 Techniques used 
4.1 Field work 
4.2 Laboratory work 
5 Previous work 
6 Outline of the thesis bo

 
ee
 

> 
fe 

Q hapter Two: The Metasedimentary sequence and igneous bodies 
The metasedimentary sequence: lithologies and stratigraphy 
1 Previous work 
2 Stratigraphic sequence 

-2.1 Lithologies to the south of the Renvyle-Bofin slide 
2.1.1 Bennabeola Quartzite Fm 
2.1.2 Streamstown Fm 

Derryinver Psammite Mb 
Derryinver siliceous psammite Mb 
Dawrosbeg striped psammite Mb 
Doongill garnet semipelite member 
Roeillaun schist Mb 

2.1.2.1.3 Lakes Marble Fm 
Tonabina marble Mb 
Doongill amphibolite Mb 
Gubbatoor psammite Mb 
Gubbatoor marble Mb 
Trawmore psammite Mb 

-2.2 Lithologies to the north of the Renvyle-Bofin slide 
Igneous bodies 

-l The Dawros Peridotite 
1.1 Introduction 

-1.2 Lithological sequence 
1.2.1 Previous work 
12. 
1.2 

N
N
N
N
N
D
 ol 

1 
el. 
1 

oS 
1 

° 

1.2.2 Lithologies 
-2.l Massive lithologies 

Massive Harzburgite 
Massive Pyroxenite 

2.2.1.2.2.2 Layered sequence 
Harzburgite 

Transition zone 
Lherzolite 

1.2:2.3 Gabbro 
2 Gabbroic lithologies 

N
N
N
N
N
N
N
N
 

N
N
Y
Y
N
N
Y
N
N
H
 

. 

2.2 

2.2 

iti 

ii 

vil 

x1 

we
 

m
o
m
 
M
O
N
W
W
N



19 

interbedded thin (20 - 50mm) grit-rich quartzitic and psammitic 

units. Thin psammitic beds are evident in the quartzite up to 

20m below the contact zone. 

2.1.2.1.2 Streamstown Formation 

The Streamstown Formation shows a high degree of lateral 

variation (Figure 2.3) with three main lithological types being 

evident: 

{i) Pale weathering, clean, gritty psammites (Derryinver 

Ppsammite Member) and impure quartzites (Derryinver siliceous 

psammite Member); 

(ii) Darker weathering ‘striped’ psammites and _ semipelites 

(Dawrosbeg striped psammite Member and Doongill garnet semipelite 

Member); 

(iii) Mica rich schistose pelites (Roeillaun schist Member). 

Derryinver psammite Member: This lithology is best 

developed in the Derryinver area to the south - east of Tully 

Mountain where it reaches its maximum thickness {Enclosure 1}. 

It consists of pale brown/buff coloured massive psammites with 

thin (up to 10mm) pink feldspar rich horizons and rare, 

scattered, semipelitic lenses (reaching 100mm by 1m). The 

dominant fabric is a spaced foliation, often defined by fine ( 

<lmm) partings of muscovite and chlorite. A variably developed 

grain shape lineation is evident in the quartz grains and grit 

clasts. Sedimentary structures are rare. Thin (5 - 10mm) grit 

bands locally show fining up. The contact of this unit with the 

underlying Bennabeola quartzite is marked by a grit-rich zone 

best seen around [GR 573 603]. 

Derryinver siliceous psammite Member: This unit overlies 

the Derryinver psammite and occurs only in the Ardagh - 

Derryinver area on the south coast of Renvyle peninsula. Its 

contact with the psammite is transitional, the psammite becoming 

increasingly siliceous over 5 - 10m. The siliceous psammite is a 

pink/brown weathering quartz rich psammite, often showing a 

saccharoidal texture, rarely containing feldspar clasts. These 

feldspars occur as fine ( <0.5mm) clasts which show extreme 

flattening in the tectonic foliation. A strong grain shape
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Appendix C 

1, Whole rock XRF data: Lithology denoted by abbrevation 
BQ = Bennabeola Quartzite Formation 
ST = Streamstown Formation (Member not known) 
ST2 = Streamstown Fm, Derryinver Siliceous psammite Mb 
ST5 = Streamstown Fm, Roeilluan schist Mb 
LM2 = Lakes Marble Formation, Doongill amphibolite Mb 
KF = Kylemore Formation (R indicates regional, C indicates 
contact) 
KFA = Kylemore Formation amphibolitic lithology 
P = peridotitic lithologies 

& 
2, Mineral chemistry data 

i, Garnet 

li, Biotite | 
iii, Muscovite (R indicates regional, C indicates contact) 
iv, Chlorite (all lithologies) 
v, Plagioclase feldspar (R indicates regional, C indicates 
contact) 
vi, K - feldspar (contact only) 
vii, Staurolite (regional only). 

3, Radiogenic heat producing element concentrations 
KF indicates Kylemore Formation (R indicates regional 
metamorphic assemblages, C inducates contact metamorphic 
assemblages) 
ST indicates Streamstown Formation 
LM indicates Lakes Marble Formation 
BQ indicates Bennabeola Quartzite Formation 
G indicates gabbroic lithologies 
P indicates peridotitic lithologies 

NB, The values of K% used in the calculation of heat 
production values are derived from analyses in this work 
unless stated otherwise. 
Gabbro: Mean K% value of data from Boyle, McCarthy & Stewart 
(1987). 
BQ: Mean K% value of quartzites from Senior & Leake (1978).
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20 

lineation is developed in the quartz and feldspar grains. No 

upper contact of this unit is seen. 

Dawrosbeg striped psammite Member: This sequence forms the 

bulk of the Streamstown Formation on the Renvyle and Dawrosbeg 

peninsulas. The maximum thickness is reached to the south of 

Tully Mountain with a minimum thickness evident to the north of 

Tully Mountain where the Renvyle - Bofin slide cuts through the 

stratigraphy {Enclosures 1 and 2}. 

The sequence consists of interlayered units of dark weathering 

psammite and schistose semipelite. The scale of the layering 

shows a progressive change from west to east with layers up to 

300mm on the SW of Renvyle peninsula to millimetre scale 

’striping’ in the Dawrosbeg area. The psammitic units show a 

gritty graded nature, especially in the western outcrops, and 

show thin (1 - 2mm) pelite partings and rare calcareous bands up 

to Smm thick. The semipelitic lithologies are rich in foliation 

parallel quartz veins (1 - 2mm thick) which are best developed in 

the eastern parts of the area where the psammitic horizons are 

often reduced to fine partings or lenses, Graphitic pelite 

horizons (upto 100mm thick and laterally continuous) are present 

at [GR 646 633]. 

On the south side of Tully Mountain the striped psammites 

contain a laterally extensive 20m thick unit of massive 

garnetiferous semipelite. 

Doongill garnet semipelite Member This unit is strongly 

foliated and contains rounded and subhedral garnets up to 10mm in 

diameter. A grading in garnet content is evident in some parts 

of this semipelite unit, the garnets being concentrated in the 

upper third of 200mm thick horizons. This distribution of 

garnets is considered to represent a primary variation in 

sedimentary composition, with the upper units of beds being more 

pelitic in composition, and inferring a greater percentage of 

clay grade material in the original sediment. These originally 

fining upward cycles show the lithology to be overturned in its 

present orientation. 

Roeillaun schist Member: This lithology occurs on the
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Figure 2.4: Field appearance of the Roeillaun Schist Member of the 
Streamstown Formation, showing the typical conspicuous garnet 
porphyroblasts. Lens cap is 49mm diameter. 

  
Figure 2.5: Inverted graded grit horizon within the Tonabina 
Marble Member of the Lakes Marble Formation at [GR 684 586]. Note 
the typical saccharoidal weathering of the marble. Lens cap is 
49mm diameter. 
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island of Roeillaun and in a strip in the central part of the 

south coast of the Renvyle peninsula. Characteristically the 

Roeillaun schists are pale grey (weathering to a rusty brown) 

muscovite rich schistose pelites (Figure 2.4). Red - brown 

garnets are common and reach up to 10mm diameter, generally being 

<5mm and showing subhedral to rounded forms, although euhedral 

crystals are present in the Renvyle coastal outcrops. Staurolite 

needles up to 10mm are present, lying within the foliation, but 

showing no preferred linear orientation. The schists show some 

fine ( <5mm) psammitic partings and scattered thicker psammite 

lenses [GR 680 593]. The stratigraphic position of the Roeillaun 

schist Mb is discused further in the addendum at the end of this 

chapter (after page 47). 

2.1.2.1.3 Lakes Marble Formation 

This formation is the stratigraphically highest encountered 

and is incompletely exposed, the top of the formation not 

occurring in the study area. The base of the Lakes Marble 

Formation is marked by a thin, but laterally continuous band of 

calc - silicate/marble (Figure 2.3). 

Five main members can be defined in the formation and all show 

good lateral continuity, in spite of major variations in 

thickness. 

Tonabina Marble Member: This unit is the base of the Lakes 

Marble Formation and consists of a thin (1 - 20m), laterally 

persistent siliceous marble. The variation in thickness across 

fold hinges is marked, with the marble being strongly attenuated 

in fold limbs and thickened in hinges. In outcrop this unit is 

variable in appearance, generally consisting of a poorly foliated 

blue/grey smooth weathering saccharoidal marble with strongly 

foliated thin ( <40mm) ’ribs’ of more siliceous material. 

Saccharoidal dolomitic marble is the dominant lithology, although 

the siliceous ribs may form up to 50% of the total. 

Pale weathering quartzose psammites and grits are evident in 

the marble, grit bands often reaching 300mm thickness and showing 

good grading features (Figure 2.5). Rare pelites and thin 

amphibolitic units are also present, 

The marble can be traced from the end of Renvyle Point at 

Knocknashesoge inland to the Kylemore valley and beyond.
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Stripped field data p.p.a 
{in counts per min) Heat Production 

Lithology G.R. U Th U Th h 

KFC pelite 687 604 217 42 1.71 417.9 2.02 
eg 690 604 311 4] 2.45 17.9 2.18 

KF semipelite 695 695 226 3i 1.78 1s35 1.53 
KFC psammite 698 612 93 28 0.73 10.7 1.09 
KFC pelite 701 618 293 38 2.30 16.2 2.05 
KFC semipelite 701 609 2/1 23 2.45 37 1.36 
KFC pelite 701 607 265 26 2.09 10.9 1.61 
KFC semipelite 702 598 102 tl 0.80 4.6 0.75 
= F 704 597 256 32 2.09 15:5 1.69 

Gabbro 707 594 47 ] 0.37 0.4 0.27 
KFC pelite 712 600 276 23 2.10 9.9 1.57 

tk 714 605 176 30 1.38 12.9 1.60 
Peridotite 716 604 18 9 0.14 3.7 0.35 
KFC pelite 716 604 219 27 1.72 11.6 1.59 
KFC semipelite 711 608 177 23 1.39 97 1.20 
KFC pelite 711 687 201 24 1.58 10.3 1.47 
7s: 709 604 152 26 1.20 10.9 1.44 
a 708 598 162 23 fey So7 1.37 
fon ee 701 $99 1S] 24 1.19 19.1 1.18 

Gabbro 702 591 43 I 0.34 0.2 0.32 
: i 702 S91 42 2 §.35 0.8 0.29 

“_ 702 592 18 § 0.14 3.8 0.47 
KFC pelite 702 §92 205 4Q 1.59 17.1 1.77 
Gabbro 703 $92 13 18 0.10 4.2 0.49 
KFC pelite 703 591 84 i 0.66 0.6 9.38 
a te 704 $91 82 25 0.64 10.5 1.07 

Gabbro 704 $94 34 1 0.26 0.2 0.22 
iy 706 595 29 3 Q.22 Le? 0.29 

KFC pelite 718 592 66 3 0.52 Loy 0.41 
ioe 704 893 22 23 G.18 3.7 0.89 

KFC semipelite 703 588 70 10 6.55 4.2 0.57 
Gabbro 702 588 27 7 0.21 3.2 0.44 
KFC sesipelite 701 $88 23 16 0.22 6.9 0.68 
Peridotite 701 588 24 § 0.18 S25 0.33 

r i 700 589 24 3 0.19 1.4 0.18 
KFC semipelite 696 591 157 12 1.23 5.1 0.81 
KFC pelite 597 $92 201 15 1.58 5.5 1.06 
Peridotite 698 $93 32 1 0.25 0.6 0.13 
KFC semipelite 697 593 Sl 16 0.40 6.7 0.65 
Sabbro 696 592 40 8 0.31 0.0 0.22 
Peridotite 695 S91 23 4 0.18 1.9 0.21 
KFC segipelite 694 $92 14] 7 TE 32 0.64 
Peridotite 692 $92 36 5 0.28 1.5 0.21 

i . 692 590 40 8g 0.31 3.4 0.36 
KFC semipelite 693 538 3 iV 0.97 15.8 1.28 

i. ee . 699 586 14 43 G11 18.1 1.45 
= ae . 699 S84 265 60 2.09 25.5 2.97 

Gabbro 718 597 42 5 8.32 2.) 0.39 
t 4 720 597 38 3 0.30 ez 9.32 
Ti 725 600 3 10 0.29 1.3 0.56
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Stripped field data P.p. 
{in counts per ain) Heat Production 

Litholegy GR. u Th U Th 4 

Gabbro 730 607 104 § 0.82 2.3 0.84 

KFC semipelite 730 608 387 50 3.05 21.3 2.56 

a: . 731 608 222 26 1.75 19.9 1.49 

Gabbro 731 607 30 19 0.24 4.2 0.49 

“8 740 685 38 3 0.30 LL 0.35 

ss 740 604 37 5 0.44 2.1 0.42 

s 736 604 4Q 3 9.31 3.4 0.49 

KFC semipelite 737 595 285 23 2.24 9.7 1.52 
yo . 744 $95 295 42 2.32 17.9 one 

Peridotite 744 597 47 3 0.37 1.26 0.21 
Gabbro 744 600 32 13 0.25 6.35 0.70 

‘i 741 602 64 4 0.51 1.89 0.42 

KFC sesipelite 761 603 233 18 1.83 7.6 1.26 

aa . 738 608 256 43 2.38 18.1 2.14 
eS . 746 608 223 26 1.76 10.9 1.59 

ot . 750 618 307 38 2.41 16.0 2.12 

nn i 751 609 240 3 1.89 13.0 Loht 

Gabbro 733 681 50 8 0.23 3.6 0.48 

KFC semipelite 761 599 403 50 3.17 21.1 2.67 

Gabbro 761 598 14 15 0.11 6.3 0.66 
— 760 $84 36 6 0.28 gay 0.43 

KFC semipelite 760 583 256 31 2.35 13.3 1.85 

inh . 752 $85 259 42 2.04 17.8 eel 

iat r 745 S91 291 46 2.29 16.6 2.31 

el) : 740 $92 2352 $2 1.82 21.9 2.% 

a 736 593 464 61 3.65 25.7 3.09 

aa . 734 593 263 62 2.03 26.5 2.99 

Gabbro 733 592 64 3 0.51 1.0 0.39 
ne 732 592 6/ 9 9.55 4.0 0.59 

= 712 389 98 17 0.77 7.4 0.93 

KFC pelite 712 590 193 28 1.52 12.0 1.42 

Gabbro 713 589 14? 1é Le 6.9 0.99 

KFC pelite 714 S90 224 22 1.76 9.5 1.29



Appendix D 
Table of sample numbers used in this thesis, with rock type 
grid reference, Univ. of Liverpool catalogue No. and 
analytical details 

Notes 

1, Rock types 

Igneous rocks - general lithological name. 

Metaigneous -  ~- classified as above. 

Metasediments - classified as above, with the addition of field 
characteristics (banded, graded, etc) and/or 
dominant porphyroblast type. Formation and 
member name denoted by abbrevation: 
B.Q = Bennabeola Quartzite Formation 
S.T = Streamstown Formation (Member not known) 
S.Tl = Streamstown Fm, Derryinver psammite Mb 
S.T2 = Streamstown Fm, Derryinver Siliceous 

psammite Mb 
5.T3 = Streamstown Fm, Dawrosbeg striped psammite 

Mb 
S.T4 = Streamstown Fm, Doongill garnet semipelite 

Mb 
S.T5 = Streamstown Fm, Roeilluan schist Mb 

L.M = Lakes Marble Formation (Member not known) 
L.Ml = Lakes Marble Formation, Tonabina marble Mb 
L.M2 = Lakes Marble Formation, Doongill 

amphibolite Mb 
L.M3 = Lakes Marble Formation, Gubbatoor psammite 

Mb 
L.M4 = Lakes Marble Formation, Gubbatoor marble 

Mb 
L.M5 = Lakes Marble Formation, Trawmore psammite 

Mb 
K.F = Kylemore Formation (undifferentiated) 

2, Cat. No. 
This is the catalogue number given to a rock specimen when a thin 
section is cut in the Dept. of Earth Sciences, Liverpool 
University. The thin section (or polished section) is also 
identified by this number. 

3, Analytical details 
XRF - indicates that this specimen was analysed for major and 
trace element concentrations by xX - ray fluorescence 
spectrometry. 

NAA - indicates analysis by neutron activation to determine U, Th 
and other trace element concentrations. 
P - indicates mineral composition analysis by electron probe.



¥ indicates saaple collection by Dr A.P Boyle 

Loc No. Locality Grid Ref. Rock type 7" 
GAit 

GADt 
GASE 
PL 

Pat 

P34 
Pat 
PSt 
SS1# 

Ssi¥ 
$S2t 
$534 
Sot 
SSé# 

$o7* 
GNI 
GH2e 
GNS* 

GN4é 
GNS# 

Gos 
GN?74 
GNSt 
GN 
83/68% 
§3/684 
$3/ 69% 

§3/ 68+ 
33/68% 
83/684 
$3/65* 
83/664 
$3/69* 
835/684 
§5/ 65% 
§3/5* 
83/7% 
§3/8% 
93/8* 
83/94 
33/104 
83/504 
§3/14% 
83/144 

84/1714 
4/1904 
84/2434 
$4/ 248% 
84/275* 
§4/283% 
34/285* 
84/1894 
84/1904 
64/1734 

Creagauti 
w CI 

approx 2008 S of Creggaun 

Dawrosgore nr road 

Dawrosmore 

Small hill, SH Dawrosmore 
S Bawrosmore 

Gubbatoor coast 

Davros Bridge 

Creggaun 

Approx 200 S of Creggaun 

“ " 350e " * " 

Creggaun 

Creggaun ar boreen 

Creggaun 

Dawrosmore 
” * 

" ry 

Dawros River 

E of Tully Cross Road 
Dawrosmore 

#92 392 

703 591 

705 S91 

703 588 

703 588 

699 58S 
699 585 

695 S86 

695 584 

695 $84 

695 $85 

696 585 

652 985 

683 584 

632 384 

701 597 

700 595 

701 595 

702 $92 

702 592 

705 S91 

703 588 

703 587 

701 S89 

702 586 

702 S86 

702 386 

792 586 

702 386 
702 586 

702 S86 

702 S86 

702 586 

702 S86 

702 586 

702 596 

703 596 

703 596 

703 596 

703 596 

703 596 

702 592 

701 591 

701 59k 

702 586 

703 599 

708 597 

708 597 

742 389 

714 592 

712 994 

702 S86 

702 S86 

702 586 

Sabbro 

Green Gabbro 

Lichen Gabbro 

Serpentinised Peridotite 
Serpentinised Peridotite 

Layered Peridatite 
Layered Peridotite 
Coarse orthopyroxenite 

L.H Striped Asphibolite 

7 mica schist 

@ White quartzite 
T3 sicaceous semipelite 
4 caic - silicate 

H quartzose psamaite 

F augen gneiss 

F Gneiss 

F *contorted’ gneiss 
F banded gneiss 
F Basic boundin gneiss 
F Granitic pegmatite 

F Contact gneiss 

F Schlieren gneiss 
F Quartze ~ feldspathic gneiss 
F Sm above Creggaun thrust 
F 10K above Creggaun thrust 
F 

Se 

B. 

S 

be. 

L. 

k. 

K. 

kK. 

e 

kK. 

ke, 

es 

K. 

fs 

kK. 

k. 
KE i 

Serpentinite 

K.F quartzose psammite 
Serpentinite 
K.F in Creggaun thrust 

peridotite Sa below Creggaun thrust 
a 4p " 

Tale schist 

Gabbro 200ne above peridotite contact 

Gabbro / peridotite contact 

Gabbro 50am above contact 

Peridotite 300mm below contact 
K.F contact lithology 

K.F feldspathic contact lithology 
L.H2 amphibolite 

$.15 garnet staurolite schist 
k.F psammite 

K.F amphibolite 
K.F schistose garnet pelite 
Lineated green gabbro 
K.F lineated psammite 
L.H2 amphibolite 
$.15 garnet staurolite schist 

Cat. Ho. 

52405 

62406 

62407 

62408 

62409 

62410 

62411 

62412 

62738 

62739 

62740 

62741 

62744 
6274 

62746 
62747 

62748 

62749 
62750 

62751 

62752 
62753 

62755 

62754 

66750 

667614 

66761b 

66762 

66763 

66764 

6676S 

66765b 

66766 
66767 

66768 

66761 

66782 
667834 

66783b 

66784 

66785 

66795 

66900 
66801 

69587 

69588 

69589 

69590 

6959) 

69592 

69593 
69594 
69595 

69596 

322 

Anal. Detal. 

XRF, NAA, P 

XRF, P 

XRF 

XRF
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Loc No. Locality Gric Ref. Rock type Cat. No. Anal. Detail 
H4/2154 Dawrosmore 703 387 L.H psammite 69597 
84/126% Creggaun 702 $86 K.F semipelite 69598 

§4/93% ‘ 704 587 K.F semipelite 69599 

84/101e =" i 705 587 i . 69601 
s4/iogk . 70S $87 -o ‘ §9602 
g4/ll3e * 4 705 387 a . 69605 
S4/iisk =“ ‘ 705 586 so - 69608 
eajllee =“ ‘ 705 586 ES i 69605 
sajli7e " 704 586 K.F banded psammite 69606 
g4jlige " 708 586 K.F quartzite 69607 
g4/190# "  * 705 586 K.F sesipelite 69608 
$4/92% . ki 705 587 i a 69609 
34/ 86% oo 705 587 rr 7 69610 
g4j142k =“ . 704 587 se i 69611 
34/288 E of Tully Cross Road 702 602 K.F garnet semipelite 69612 
g4j2gge * Se eee 702 602 ee 69613 
Ua/25 ian eee” tee Paar 702 601 K.F amphibolite 69614 

g4j2g9ye " = "BN Ne es 702 601 K.F semipelite 69615 

g4j293k “SN NB Bs 702 601 2 . 69616 

$4/296k “ "es NB ws 704 602 k.F amphibolite 69617 
S4po39h Eee 704 608 K.F pelite 69618 

g4/250k " " "SN NB BS 706 600 a a 69619 XRF, P 

Sqj2570 =: ee A ee 710 597 “? See, 69620 

g4j257e " = "= he Bs 710 597 Gabbro 69621 
$4/226% Creggaun 701 599 K.F amphibolite 69622 
$4/35*  Dawrosbeg peninsula 688 589 $.15 garnet staurolite schist 69623 XRF, P 
g4/50e =“ i ‘ 688 585 $.135 crenulated pelite 69624 
84/63t =“ a ie _ 682 583 $.315 garnet staurolite schist 69625 XRF, P 
34/69% : oy c 684 592 $.13 psammite 59626 
84/6st = * “ie - 684 582 $.15 garnet staurolite schist 69627 XRF, NAA, P 
34/224 = ‘a . 682 587 L.M psamaite 69628 

84/19% . 8 . 682 587 L.H pelite 69629 
$4/29e * “ee i 685 590 L.M psammite 69630 
$4/177* Dawrosmore 700 585 L.H2 amphibolite 69631 
§4/298* Creggaun 707 604 K.F granitic algaatite §9632 
g4/o9ge =” : 707 604 ar oT : 69633 
34/303* * . 701 602 K.F banded psammite 69634 
g4/243k  “ 712 600 K.F garnet semipelite 69635 XRF, P 
B4/RENAFRinvyle Quay 657 638 K.F andalusite pelite 69636 XRF, NAA 
S4/RENBE “ “ “ 657 638 eee a 69637 
$4/Al.1 Dawrosbeg coast, Gubbatoor 682 584 L.H3 Calcareous Psaasite 68752 
g4fhl.3 “ a i 4 " 682 584 L.H3 Calcareous semipelite 68753 
§4/A2 . fae 2k " 682 584 L.H3 Quartzose psammite 68754 
§4/A3 . el a ee "$82 585 L.HS Hassive psammite 68755 
84/44 7 Le et Te " 682 585 L.H3 Hicaceous semipelite 68756 
G4/h6.t  * oe “ 683 585 §.13 Schistose semipelite 68757 
Ba/A7.3 0“ “ —“" Doleengarve 683 586 $.13 Sepipelite 68758 
S4/A8.2 “ oS " 684 586 §.13 Psammite 68759 
ga/ao.)  ° nani “ 684 586 8.9 White quartzite 68760 
$4/h12.1 “ BS “683 587 $.15 Garnet sica schist 68761 
$4/Al2.3 * 7 “683 587 $.15 Mica schist 68762 
84/81  Dawrosmor 693 587 Coarse grain orthopyroxenite 68763 
34/84 . ji 692 588 K.F schistose psammite 68764 
§4/B5 . * 692 587 Hedium grain size pyroxenite 68765



Loc No. Locality Grid Ref. Rock type Cat. No. Anal. Detail 
$4/88 Dawrosmore 69} 588 k.F gneissose psamaite 58766 
B4/Bil =“ . 691 589 \.F feldspar porphyroblast schist 68767 
S4/B1g =“ ‘ 692 592 K.F schistose garnetiferous psammite 489769 NAA 
84/819 " . 692 592 a a 1” . 68769 
§4/823 ‘ ‘ 693 592 cra 8 4 r 68770 
§4/h28 =“ ‘ 692 S88 K.F feldspar porphyroblast psammite 68771 
84/830 =" ‘ 693 587 K.F foliated gneissose psammite 68772 
84/B32 0“ 2 694 S88 Layered Lherzolite 68773 
84/837 " i 695 $83 a . 68774 
84/B38 =" ‘ 695 596 k.F hornfelsic aylonitised semipelite 68775 
34/840 =" i 697 591 K.F feldspar porphyroblast psammite 68776 
84/B42" . 697 589 Layered Lherzolite 68777 
$4/645.1 “ 1 697 590 KF quartzose vein in psammites 68778 
$4/B43.2 “ ‘ 697 590 K.F coarse grained schist 68789 
34/B4q i 698 591 K.F garnet psamaite 68780 XRF, P 
84jk45 * i 699 594 k.F feldspar porphyroblast psammite 68781 
$4/B46 0" . 699 594 K.F basic sheet in psamaites 68792 
$4/C1.1 Gortnaling, nr Gawlaun 728 628 K.F garnet semipelite 68783 
$4/01.2 ° a fy" 728 628 Serpentinised ultrabasic 68784 
84/02 . a 727 628 k.F mica schist 68785 
84/5 ‘ ae. a 727 628 K.F semipelite 58786 
84/04 ‘ je 726 627 KF coarse psammite 68787 
34/05 a 726 627 k.F flaggy semipelite 68788 
84/06 , a ee 726 627 KF garnet pelite 68789 
84/07 . i ie 728 628 Lineated amphibolite 68790 NAA 
84/8 F ee 728 629 K.F garnet mica schist 68791 
84/9 ‘ Ye ae 728 627 Pyroxenite 63792 
G4/D16  Dawros River 712 593 K.F garnet semipelite 68793 XRF, P 
B47/E3 -W side of Currywongaun 721 593 K.F garnet hornfels 68794 
84/£?7 ro. ‘ 716 594 KF schist 68795 
B4/Fl Bog NE of Dawros Bridge 701 607 K.F micaceous semipelite 68796 
84/F3 i ee). ee 701 605 K.F foliated semipelite 68797 
$4/FS he 701 604 K.F aylonitic garnet sesipelite 68798 
G4/F6.4 ~ " " * "= * * 701 603 K.F garnet pelite 68799 P 
S4/F8 Dawros Bridge 709 598 k.F feldspathic semipelite 69800 
&4/H1 North of Shanaveag Bridge 706 610 k.F micaceous semipelite 68801 
34/H3 or ey eee dee ty. K.F feldspathic psamaite 68802 
84 /H5 oe a | =n "eS i? 60 K.F Gneissic feldspathic psammite 68803 
84/H7 NW slope of Currywongaun 720 598 \.F garnet pelite 68804 XRF, NAA, P 
64jH8 oo" "" f ® “721 59? Feldspar porphyroblast gabbro 68805 
84/11 Bog HN of Dawros River 705 604 K.F micaceous semipelite 58806 XRF, P 
84/12 ae at 706 603 k.F feldspathic semipelite 68807 
34/14 ns acer ie 705 600 K.F feldspar porphyroblast pelite 68808 
84/15 Sele eee 704 598 K.F feldspar porphyroblast semipelite 68909 
84/31 pe ee 712 600 K.F micaceous psammite 68819 
$4/J2 itera. "in Wena 7Al 599 K_F garnet semipelite 68811 
85/31  Dawrosbeg 690 594 KF pelite 69215 
$5/40 ; ; 697 594 K.F feldspar porphyroblast psammite 69214 
35/44 c i 697 594 K.F garnet pelite 69215 XRF ,P 
85/60 i 696 595 Hassive harzburgite 69216 
35/72 : ‘ 695 $92 Serpentinised harzburgite 69217 
g5/110* 700 593 k.F garnet semipelite 69218 
so/llg . 700 590 K.F mylonitic garnet pelite 69219 P 
§5/126 695 590 Layered harzburgite 69220
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Doongill Amphibolite|©Member: This lithology is best 

developed to the south of Tully Mountain, in the coastal strip 

between Doongill and Tonabina. In this area the base of the 

amphibolite is not exposed and a minimum thickness of >70m is 

present. Inland the amphibolite is considerably thinner, being 

reduced to a thickness of 20m on the north side of Tully 

Mountain, where the RBS cuts the stratigraphy. On the Dawrosbeg 

peninsula the amphibolite reaches thicknesses of only 1 - 2m and 

is laterally impersistent. 

The amphibolite is typically dark green/grey weathering with a 

strong foliation. A lineation defined by amphibole needles up to 

2mm long is variably developed on the foliation planes. A 

compositional striping (Evans & Leake 1960), parallel to the 

dominant foliation, is defined by 1 - 10mm thick, green 

hornblende rich horizons which are interlaminated with 

plagioclase rich pale horizons of a similar thickness. The 

compositional fabric is interrupted by scattered 100-200mm long 

lenticular pods of feldspathic material (Figure 2.6). 

In some areas, e.g. [GR 660 508, 728 592] large (10 - 20mm) 

sub to euhedral amphibole crystals are developed which randomly 

overgrow the main tectonic fabric. 

Gubbatoor Psammite Member: This lithology has contacts 

with the amphibolite and marble members described above. Direct 

  

contacts between this psammite and the Tonabina marble are 

exposed on the Dawrosbeg peninsula where the amphibolite is 

locally absent. The psammite consists of pale weathering, bedded 

(100 - 200mm) siliceous units with a strongly developed spaced 

foliation and thin (20 - 30mm) penetratively foliated micaceous 

horizons. Grit bands are developed, with lineated quartz clasts 

occurring in graded sets (Figure 2.7). The contact of this unit 

with the marble is sharp, with no evidence of transition between 

the two units. The contact with the amphibolite is less well 

exposed, and it is possible that the psammite cuts down into the 

amphibolite, the local absence of amphibolite representing an 

original sedimentary feature rather than a tectonic effect. 

Gubbatoor Marble Member: This lithology is best exposed on 
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Figure 2.8: Contact between the Gubbatoor Psammite and Marble 
Members of the Lakes Marble Formation at [GR 643 635]. 
+, = 4 Sayre my Se SO 

  
Figure 2.9: Typical field appearance of hornfelsic Kylemore 
Formation at [GR 695 594]. Lens cap is 49mm diameter. 

  

25



26 

the Dawrosbeg peninsula. The contact of this unit with the 

Gubbatoor psammite is locally well exposed in fold closures {GR 

682 585] (Figure 2.8) and is sharp, with the marble showing 

features similar to those described previously for the Tonabina 

marble Member. The marble is laterally variable, being rich in 

thick (up to 300mm) grit and psammite bands in the Gubbatoor 

area, poor in siliceous ribs on the west coast of Dawrosbeg and 

showing regularly spaced 5 - 10mm_ss siliceous ribs at 

Knocknasheeoge. 

Trawmore Psammite Member: This is the highest 

stratigraphic horizon seen in the study area. The lower contact 

is mot exposed, the maximum thickness exposed being 20 - 30m. 

The unit is very similar to the Gubbatoor psammite in appearance, 

sometimes being darker weathering and more micaceous in nature, 

but generally showing identical features. On the south side of 

Trawmore Bay [GR 645 636] the psammite contains graded pebble 

beds with quartz clasts which can reach maximum dimensions of 

50x20x10mm. 

2.1.2.2 Lithologies to the north of the Renvyle - Bofin 

slide 
The sequence of lithologies to the north of the RBS, the 

Kylemore Formation (Morris & Tanner 1977), is much more 

homogeneous than that which lies to the south. The Kylemore 

Formation lacks good marker horizons and is often poorly exposed. 

The evaluation of the large scale structures developed in these 

lithologies could not be performed with the same degree of detail 

as could be achieved in the southern area. 

The Kylemore Formation consists of a sequence of interbedded 

psammites, semipelites and pelites. The thickness of the bedding 

varies from 1 - 2m thick psammites with wispy, 10 - 20mm 

semipelite partings seen on the north coast of the Renvyle 

peninsula, to massive pelites and semipelites with 10 - 20cm 

psammite bands at Mweelbeg (the western tip of Renvyle). To the 

east of Eagle’s Nest school [GR 666 626) grit bands up to 100mm 

thick are present in a sequence of banded semipelites and 

psammites. These grit bands, now strongly lineated, consist of 

rounded quartz clasts up to 50x20x10mm which rarely develop as



Figure 2.10: Typical field appearance of schistose Kylemore 
Formation at [GR 703 628]. Notebook is 210 X 150mm. 
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Figure 2.11: Amphibolite sheet in Kylemore Formation psammites and 
semipelites at [GR 756 604]. Compass is 175mm long. 
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fining upwards sequences. These show the Kylemore Formation to 

upward facing, although locally inverted. 

The field appearance of the Kylemore Formation is variable, 

and largely dependent on metamorphic grade, as, unlike the 

lithologies south of the RBS, the Kylemore Formation shows a 

range of metamorphic grades. Adjacent to the Dawros - 

Currywongaun - Doughruagh igneous complex the Kylemore Formation 

lithologies show sillimanite - bearing migmatitic assemblages and 

are typically massive, dark weathering, gneisses and hornfelses, 

often with only a ‘ghost’ foliation (Figure 2.9). Feldspar 

porphyroblasts are common in these gneissic and _hornfelsic 

lithologies, and can be used to delineate the aureole effects of 

the Dawros - Currywongaun - Doughruagh igneous complex (Tanner & 

Shackleton 1979, Leake, Tanner & Senior 1981). Away from the 

igneous bodies the metamorphic grade falls, with the bulk of the 

sequence showing garnet/staurolite grades and being schistose in 

appearance. These _ schistose lithologies are commonly grey/brown 

weathering (Figure 2.10) although they show increasingly green 

weathering colour in the NW Renvyle area as chloritic micas 

replace earlier  biotites. The variation in metamorphic 

assemblages across the area is discussed in {Chapter 4}. 

Thin (100 - 200mm) transgressive sheets of amphibolite 

crosscut the Kylemore Formation (Figure 2.11) in the area around 

the igneous bodies. These sheets often show poorly developed 

fabrics of similar orientation to those in the metasediments. 

The contact relations of the sheets are generally sharp, although 

deformed (Figure 2.11), with apparent syn - migmatitic sheets 

being locally developed. 

mee Igneous bodies and their contact relations 

2.2.1 The Dawros Peridotite 

2.2.1.1 Introduction: The Dawros peridotite outcrops over 

an area of <lkm? on the Dawrosmore peninsula (Figure 2.12) 

and lies at the western end of the chain of basic and ultrabasic 

bodies, which form the Dawros - Currywongaun - Doughruagh 

complex. 

In the Irish Geological Survey memoir (Kinahan et al.
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1878) the peridotite is described as ’a large irregular tract of 

ophite’ (serpentinite) with associated talcose and hornblendic 

lithologies. The body is described as having a sill - like form 

and lying on the 'bedding’ of the schists and is interpreted - 

as a doleritic / tuffose intrusion now altered to serpentinite. 

Wager (1932, 1939) considered the relation of the Dawros - 

Currywongaun - Doughruagh igneous complex to the ultramafic 

intrusions in south Connemara concluding that the two groups of 

ultrabasic intrusions, although superficially similar were 

intruded at different times and not related. Wager (1939) 

suggests that the intrusions in the north of Connemara are pre - 

Silurian in age as_ no similar bodies are evident in the (non - 

metamorphic) Silurian sequence. 

Ingold (1937) studied the Dawros - Currywongaun - Doughruagh 

area and discussed the peridotite and its relations to the 

gabbroic intrusions. She suggests that the peridotite has a sill 

- like form, dipping under the metasediments to the N/NNE at 

60-80° with local ’detached’ masses of serpentinised 

peridotite occurring around the main outcrop. Some gabbroic 

lithologies were noted within the peridotite, although no 

localities are given and these zones are not recorded on the map 

of the area. Ingold interprets the Dawros peridotite as the 

early differentiate of the magma which produced the Currywongaun 

- Doughruagh intrusions. 

Rothstein (1954, 1956, 1958, 1961, 1964, 1972, 1983) made a 

detailed study of the peridotite and its environs, covering the 

petrology and petrogenetic evolution of the body. Rothstein 

states that the present form of the peridotite is lensoid, being 

approx 160m (500ft) thick and a maximum of 1280m (4000ft) across, 

with a rim of massive harzburgite and dunite and a central zone Oe 

of layered dunite and pyroxenite. The contacts between the 

peridotite and the metasediments are described as sharp with 

local preservation of hornfelses. The unaltered peridotite has 

feldspar free, Ol - Opx - Cpx - Cr Spl, ultrabasic, assemblages 

which show primary igneous cumulate layering, with evidence of 

density stratification and ’wedge bedding’. A_ fractionation 

sequence is evident in the peridotite enabling the establishment 

of an internal stratigraphy for the body. This fractionation 

sequence (Rothstein 1954, 1957, 1961) shows a variation from
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basal assemblages of Ol + Opx, through Ol + Opx + Cpx and Ol + 

Opx + Cpx + Spl zones, to Ol + Cpx lithologies in the highest 

exposed levels of intrusion. The sequence is compared (Rothstein 

1958, 1961) with experimental work on Fo - Fa - Di - Qtz systems 

and Rothstein concludes that the assemblages developed in the 

peridotite would result from the fractional crystallization of a 

silica - saturated basaltic melt under conditions of high water 

pressure. 

The gabbroic material noted by Ingold is recorded by Rothstein 

(1954, 1957) (Figure 2.13) who recognized the existence of 

fragments of ultrabasic material within the gabbroic areas 

suggesting that the gabbro is intrusive into the peridotite and 

represents a later magmatic event. 

The peridotite shows evidence of post crystallization 

deformation (Rothstein 1957). The growth of hypersthene in the 

deformation fabrics suggests that this deformation occurred 

whilst the body was. still at an elevated temperature, possibly 

during sub-solidus cooling. This deformation may also have 

resulted in the removal of the higher, more fractionated, parts 

of the body. 

Rothstein concludes that the peridotite represents a 

Syn-orogenic magmatic cumulate which has been deformed, possibly 

during ‘emplacement in to higher crustal levels’ and 

subsequently underwent serpentinitic and talcose alteration. 

Leake (1964b) notes the occurrence of feldspar, now 

saussuritised and sericitised, within the peridotite and suggests 

that the gabbroic material represents a continuation of the 

fractionation sequence, forming the upper part of the intrusion. 

The fragments of peridotite noted by Rothstein are interpreted by 

Leake (1964b) as igneous layers in the gabbro. Leake (1964b, 

1970b) suggests that the Dawros and Currywongaun - Doughruagh 

bodies represent a single magma body which has been tectonically 

disrupted during its crystallization. Leake notes that all the 

intrusions ‘possess hornfelsed, desilicated pelitic envelopes 

Proving that they (the ultrabasic bodies) were intruded in a hot 

state’. Leake (1958, 1970b) correlates, on petrological and 

geochemical grounds, the Dawros - Currywongaun - Doughruagh 

complex with the south Connemara ultrabasics, considering the two 

groups of intrusions to belong to one magma series.



Figure 2,13: Lithological maps of the Dawros peridotite area; 
a, Ingold (1937), 
b, Rothstein (1957), 
c, Leake (1970) (schematic profile section) 
d, Bennett & Gibb (1983) 
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In a_ study of the Currywongaun - Doughruagh intrusion Kanaris 

- Sotirion & Angus (1976) noted the existence of peridotite 

bodies, similar in appearance and composition to the Dawros 

peridotite, which occur either as xenoliths in the gabbros or are 

cross-cut by gabbroic material. These relations suggest that the 

gabbroic bodies postdate the peridotites, although compositional 

data (Kanaris - Sotirion & Angus 1976, Angus, Middleton & 

Kanaris -—- Sotiriou 1980), show the peridotites and gabbros lie on 

a common differentiation trend {4.2}. Kanaris - Sotiriou & Angus 

(1976) suggest that the peridotite represents the early, basal 

cumulate products of a large, syn-tectonic, magma chamber which 

was tectonically disrupted during crystallization with the 

peridotite being emplaced to its current location. 

Bennett & Gibb (1983) remapped the peridotite area to 

determine the lithological sequence and structure of the body and 

its metasedimentary envelope. Coupled with this work was a 

geochemical investigation which aimed to determine variation in 

Mg / Fe partitioning between coexisting Ol and Opx across the 

outcrop and so clarify the younging directions within the 

sequence. The gabbro is interpreted by Bennett & Gibb as being 

transgressive through the peridotite layering although the 

layering within the gabbro is concordant with that in the 

peridotite. The gabbro is considered to be syntectonic, and was 

probably injected during Dz into the largely crystallized 

peridotite. The contacts of the body with the metasediments are 

described as mylonitic due to ‘extensive shear along the 

peridotite margins’ during Dz and Ds. 

2.2.1.2 Lithological sequence 

2.2.1.2.1 Previous work: Previous investigations of the 

peridotite (eg, Rothstein 1954, 1957, Leake 1964, 1970b, Bennett 

& Gibb 1983) agree that the body represents a fractionated 

sequence of igneous cumulate lithologies which show greater or 

lesser amounts of alteration. Rothstein interprets the 

mineralogical layering within the peridotite as being primary 

igneous in nature with features typical of a cumulate origin. 

Leake (1964b) and Bennett & Gibb (1983) suggest that the layering 

may not be entirely a primary igneous feature and may be due to 

deformation (and metamorphism) during the crystallization of the



35 

Figure 2.14: Generalized lithological sequences in the Dawros 
peridotite. 

Rothstein {1957} Leake (1964) Bennett & Gibb (1983) This work. 
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body. Bennett & Gibb provide no evidence to support this 

suggestion and use the chemical variation between layers, which 

they interpret as primary, as a means of determining the way - up 

of the body. 

Rothstein (1954, 1957) subdivided the peridotite body into a 

series of units representing an igneous fractionation sequence 

(Figure 2.14) from a dunitic base through a sequence of 

harzburgites, showing a trend of increasing Fe in pyroxene, a 

transition zone of chrome - spinel bearing wherlitic lithologies - 

to the higher parts of the sequence which are lherzolitic in 

nature. 

Leake (1964, 1970b), provides no section through the body, 

using Rothstein’s stratigraphy as a basis for his work, although 

he does add the gabbro to the top of the sequence above the 

lherzolites, thus extending the fractionation sequence (Figure 

2.14). 

Bennett & Gibb (1983) use the Rothstein sequence as a basis 

for remapping and_ cryptic layering determination through 

geochemical analysis. The results of this work (Figure 2.14) 

confirm Rothstein’s sequence to be essentially correct, although 

the relation of the gabbro to this sequence remains a contentious 

issue. 

2.2.1.2.2 Lithologies 

2.2.1.2.2.1 Massive lithologies: These are best developed 

in the SW corner of the peridotite (Figure 2.13), although 

patches of massive lithologies are evident along the margins, and 

represent the ’marginal facies’ of Rothstein and Leake, and the 

basal parts of Bennett & Gibb’s sequence. Two main lithological 

types are evident in this part of the body, harzburgites and 

orthopyroxenites. 

Massive Harzburgites: These lithologies are generally found 

in low - lying flat areas as scattered smooth weathering pale 

green/grey outcrops. The lithology is fine grained (1 - 2mm) and 

serpentine rich, with scattered yellow/brown irregular pyroxene 

grains up to 10mm (Figure 2.15). A steeply dipping, NNE/SSW 

striking, spaced (5 - 10mm) foliation is developed, locally
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Figure 2.15: Massive Harzburgite cross cut by upright 
foliation associated with calcite veins [GR 693 588]. 
Lens cap is 49mm diameter. 

Figure 2.16: Field appearance of the massive pyroxenite 
[GR 693 590] showing large sub to euhedral laths of 
bronzitic orthopyroxene, most evident below and right of 
the lens cap. Lens cap is 49mm diameter. 
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associated with veins of fibrous pale grey serpentinite which 

occasionally contain calcite as a core to the vein. This 

foliation is observed to crosscut a flatter lying, more patchily 

developed, planar fabric which is again associated with 

serpentinisation effects. 

Massive Pyroxenites: This lithology is best exposed in a 

low irregular hill [GR 693 590] as blocky, brown weathering 

outcrops, consisting of a mesh of coarse grained tabular laths of 

bronzitic pyroxene (Figure 2.16). The grain size is variable 

from 5 - 50mm with 10 - 20 mm being most common. A foliation is 

variably developed, with talc - carbonate veins and rare fibrous 

serpentinite veins occurring parallel to the foliation. The 

contact of the massive pyroxenite material with the massive 

harzburgite is exposed in a low crag at [GR 692 589] and shows 

the pyroxenite overlying the harzburgite above a sharp contact. 

Lensoid pods of the pyroxenite up to 1m are developed in the 

underlying harzburgite. This boundary represents an original 

igneous contact. The boundary of the massive pyroxenite with the 

layered series is not exposed. 

The euhedral laths seen in outcrop. are. enstatitic 

orthopyroxenite and form up to 80% of the total rock. 

2.2.1.2.2.2 Layered sequence 

The layered peridotite lithologies make up the bulk of the body. 

Despite the thinly layered nature of these lithologies it is 

possible to subdivide them into a series of units, because the 

sequence shows a progressive change in composition and mineralogy 

from base to top. The units chosen are based on the subdivisions 

mapped in the field backed up by thin section work to confirm 

mineralogies in areas where serpentinisation or poor exposure 

made it difficult to define the boundaries between units. 

Three units are defined: 

(i) harzburgite, a sequence of Ol - Opx bearing lithologies; 

(ii) transition zone, a sequence of mixed Ol - Opx - Cpx bearing 

lithologies, with variable concentrations of chrome spinel; 

(iii) Therzolite, a sequence of Ol - Cpx lithologies often spinel 

bearing. 

The relations of these lithological groups to the previous
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subdivisions are shown in Figure 2.14. 

The following descriptions of the layered lithologies use the 

terminology of Irvine (1982). 

Harzburgite: This sequence of lithologies crops out over 

much of the area and shows a high degree of variability. The 

best preserved igneous mineralogies and textures are seen in the 

western part of the body although the layering in this area is 

often irregular and laterally discontinuous. Well developed 

layering is evident in the area around [GR 698 591] where patchy 

but good outcrop exists. 

The lithology consists of irregular, planar, modally interbanded, 

pale green/grey, olivine rich units and brown/rust coloured 

pyroxene rich units. The banding commonly occurs on a 100 - 

150mm _ scale, although both thicker and thinner bands are evident. 

The contacts between the units can be sharp or transitional in 

nature the former being more common. Where transitional 

boundaries are seen [GR 697 591] the dunite unit becomes 

increasingly pyroxene rich, grading into the adjacent pyroxene 

band. Both normal and reverse grading is developed. The 

layering is often irregular in form, with laterally persistent 

units showing wedging and variable thicknesses, a feature noted 

by Rothstein (1957) as an original feature, and by Leake (1964) 

as a tectonic effect. 

Mineralogically this unit is typified by forsteritic olivine 

and enstatite assemblages, developed as anhedral, equigranular 

crystals up to 2mm in size. Rare, scattered, irregular spinel 

grains are evident in the higher parts of the harzburgite zone, 

but not in the lower zone. Serpentinisation variably replaces 

the original igneous mineralogy. 

Transition zone: This unit is developed between the 

harzburgites and lherzolites. In outcrop the layering features 

are similar to those described in the previous section, 

consisting of planar, locally irregular, bands of olivine rich 

and pyroxene rich assemblages. The main feature which 

distinguishes this band from the harzburgitic lithologies is the 

development of pale brown spinel grains (rounded, 3 - 15mm size). 

The spinel occurs either in discrete, often multiple, 2 -— 25mm
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thick bands or distributed within the main layering with local 

concentrations in the olivine rich units. The association of 

spinel within the layering is best seen in the North West of the 

body where spinels up to 30mm _ are _ developed’ within 

discontinuously layered harzburgitic lithologies. The spinel 

bands can be used as marker horizons, with one particular unit 

being traceable across much of the eastern area of the 

peridotite. 

Lherzolite: The tIherzolitic lithologies overlie the 

transition zone, the contact between the two zones being 

transitional over 5 - 10m as the pyroxene content changes from 

orthopyroxene to clinopyroxene dominated. The weathering colour 

of the lherzolite reflects this change, becoming increasingly 

blue - grey in hue, against the greener weathering Opx 

lithologies. The layering is similar in appearance to that seen 

in the other layered zones, with irregular thickness (Figure 

2.17) and parallel layers being evident. Cross stratification of 

the layers is seen at [GR 692 588] (Figure 2.18 and 2.19), 

dunitic and pyroxene rich units being truncated to form troughs 

into which the overlying layers are draped. These features are 

typical of those produced by the action of magmatic currents on 

cumulate material (eg, Irvine 1974, 1982), and indicate that the 

peridotite is right way up at this locally. The significance of 

such features is discussed later. Graded layers, like those in 

the transition zone are also developed. 

2.2.1.2.2.3  Gabbro: The gabbroic lithologies crop out as a 

NNW/SSE trending ridge in the centre of the body. Lithologically 

the gabbro consists of a variably foliated, locally layered, pale 

~- green weathering rock (Figure 2.20) with local inclusions of 

more basic material (Figure 2.21). The layered portions of the 

gabbro consist of thin (10 - 20mm) layers of pale cream 

weathering feldspathic material interlaminated with similar 

thicknesses of green weathering mafic layers. This layering 

probably represents a primary igneous texture, similar to those 

seen in the nearby Creggaun gabbro (Boyle, McCarthy & Stewart 

1987), as the tectonic foliation can locally be seen to crosscut 

this lamination.
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Figure 2.17: Irregular phase layering in layered 
Lherzolite cut by spaced §3 foliation [GR 697 591]. 
Lens cap is 49mm diameter. 

   



Figure 2.18: 
{GR 695 587]. 

  
Figure 2.19: 

nature of the 

  

Cross bedding within layered Lherzolite at 

Lens cap is 49mm diameter. 

Line drawing of Figure 2.18 showing the 

cross bedding. 
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Figure 2.20: Foliated metagabbro at [GR 696 592]. Clothes 
peg is 74mm long. 

ST s 

Figure 2.21: 

of feldspar free material [GR 697 591]. Lens cap is 49mm 
diameter. 

Metagabbro with containing angular fragments 

  

43



44 

Figure 2.22: Contact between foliated metagabbro and rusty 
weathering peridotite at [GR 696 590] showing thin, glassy 
irregular serpentinised zone between the two lithologies. 
Lens cap is 49mm diameter. 
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The contact of the gabbro and the surrounding peridotite is 

poorly exposed, relations being evident in only two places, [GR 

696 589] and [GR 696 590]. At the first locality the actual 

contact is not exposed although it can be traced into a 1-2m 

exposure gap. The gabbroic lithologies occur in a steep slope 

with the crest of the slope consisting of lherzolitic peridotite, 

the gabbro underlying the peridotite in this area. At [GR 696 

590] the contact itself is exposed, with the gabbro overlying the 

peridotite, the contact being a thin (10 - 50mm), N - § striking, 

E dipping, irregular layer of glassy serpentinite (Figure 2.22). 

The layering within the peridotite is absent within 1 - 2m of the 

contact although a strong foliation fabric, showing lineated 

fibrous serpentinite growth, lies subparallel to the contact 

zone. The gabbro is strongly foliated parallel to the contact 

zone. The layering within the gabbro also runs parallel or 

subparallel to the contact. 

The original nature of this contact is not clear although the 

irregularity of the zone even in its present deformed state, 

suggests an original irregular igneous contact. This evidence, 

along with the existence of fragments of peridotitic material as 

angular blocks within the gabbro, suggest that the gabbro is 

intrusive into the peridotite, with subsequent deformation 

partially obscuring the original contact relations. 

2.2.2 Gabbroic lithologies 

The petrology, petrogenetic evolution and structure of the 

Currywongaun - Doughruagh gabbros are well documented (Ingold 

1937, Leake 1964b, 1970b, Kanaris - Sotiriou & Angus 1976, Boyle 

et al. 1987). The complex consists of anorthosite - norite - 

pyroxenite lithologies, typically containing highly calcic 

feldspar ( >Anso), with subordinate acid gneiss and 

pegmatitic lithologies. Primary igneous layering is present in 

the gabbros, most evidently in Currywongaun, and along with 

cryptic variation data provides evidence for the way up and 

structure of the body. 

2.2.3 Ultrabasic Pods and Sheets: Small ( <30m), lenticular 

pods of ultrabasic material are developed within the Kylemore 

Formation (Figure 2.12). These pods appear to define an horizon
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within the Kylemore Formation and have been previously 

interpreted (Kennedy 1984) as olistolithic material, the present 

pod - like form of the ultrabasic bodies being a tectonic 

modification of original sedimentary clasts. 

On the north coast of the Renvyle peninsula a series of 

variably serpentinised ultrabasic pods are developed within the 

schistose Kylemore Formation. At Garraun [GR 729 628] a pod of 

ultrabasic material with Ol - Opx assemblages is developed in 

semi-pelitic schistose Kylemore Formation. Along strike to the 

west a series of serpentinised pods of similar material are 

evident. The serpentinised material typically shows talc - 

carbonate assemblages with tremolitic amphiboles and rare relict 

pyroxenes. Similar assemblages are noted by Cruse (1963) in the 

zone of the Renvyle - Bofin slide on Inishbofin. 

Inland, similar pods are evident [GR 713 605 & 749 610], but 

they are generally poorly exposed with their contacts with the 

Kylemore Formation being unclear. In the wall of the corrie NNE 

of Doughruagh [GR 761 601] a pod approx 30m long is developed 

within a series of platey psammitic schists, the margins of this 

pod consisting of a 1 - 2m zone of strongly foliated talc schist. 

This schistosity becomes less well developed away from the pod 

margins, being absent 5m from the contact. Within the pod a fine 

grained  serpentinitic assemblage is developed, with local 

preservation of phase layering like that seen in the Dawros 

peridotite. The talc schist zone ’wraps’ the pod as does the 

foliation within the metasediments. 

The metasediments around these ultrabasic pods commonly show 

the development of sillimanite bearing assemblages, away from the 

pods the metasediments show garnet - staurolite grades of 

metamorphism. This evidence, coupled with evidence of an 

original sheet-like form to the now pod - like ultrabasic 

material (Figure 2.23), suggests that these pods represent an 

intrusive sheet, now tectonically dismembered.
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Figure 2.23: Structure of the serpentinised peridotitic material 
(stippled) in coastal exposures of Kylemore Formation at [GR 705 
630]. Note that the apparently irregular pods form a folded and 
locally disrupted sheet which lies within the shallowly dipping, 
gently folded (Fs folds) Sz foliation of the 
metasediments. 

 



Addendum to {2.1.2.1.2} 

As noted in {2.1.2.1} the garnet -  staurolite pelite 

lithologies here described as the Roeillaun schist Member of the 

Streamstown Formation have previously been interpreted (Tanner & 

Shackleton 1979) as belonging to the Ballynakill Formation. This 

proposed change has been made for the following reasons. 

The garnet - staurolite pelites found on the south side of the 

F3 Doongill antiform on the south side of Tully Mountain 

{Enclosure 1, 2} are at a_ structural level equivalent to the 

psammites and semipelites of the Dawrosbeg striped psammite and 

the Derryinver psammite Members of the Streamstown Formation. 

The pelitic lithologies on Roeillaun are developed in an F3 

antiformal structure {Enclosure 1, 2} at a structural level 

equivalent to Streamstown Formation lithologies {i.e. 

structurally beneath the Bennabeola Quartzite Formation and above 

the Lakes Marble Formation). 

The contact between the garnet - staurolite pelite lithologies 

and the Dawrosbeg striped psammite on the northern side of the 

Dawrosbeg peninsula (adjacent to Roeillaun) is transitional in 

nature. Lenses of psammitic material up to 300mm in thickness 

and 2 - 3m in lateral extent are present in the garnet - 

staurolite pelites, and increase in frequency towards the 

boundary with the Dawrosbeg striped psammite which locally 

contains thin ( <100mm) partings of garnetiferous pelitic 

material. The across strike transition from garnet - staurolite 

pelites to the Dawrosbeg striped psammite occurs over 10 - 20m in 

the Dawrosbeg area, although on the south side of Tully Mountain 

the (unexposed) contact between pelite and psammitic lithologies 

is much sharper ( <2 - 3m). 

The occurrence of garnet -  staurolite schists apparently 

within the Streamstown Formation in the study area can be 

explained in a number of ways. 

a, The garnet ~- staurolite schists are part of the Ballynakill 

Formation, but in the study area the Lakes Marble Formation, 

which should be found between the Streamstown and Ballynakill 

Formations, is locally absent. This absence may be due to 

faulting or sliding. However, no evidence of fabrics typical of 

such processes are evident. The absence of the Lakes Marble Fm 

could also be due to facies variation such that the Lakes Marble 

Fm is totally absent or is missing characteristic lithologies in
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the part of the study area where the garnet - staurolite schists 

are in contact with Streamstown Fm units. However, the lateral 

persistence of the Lakes Marble Fm within the rest of Connemara 

and the occurrence of the Tonabina Marble Member 

stratigraphically above, but structurally beneath, [GR 661 608] 

the garnet - staurolite schists suggests that the Lakes Marble is 

present in the study area. 

b, The garnet - staurolite schist lithologies do belong to the 

Streamstown Fm and represent a local facies variation. The 

transitional contacts between schists and other Streamstown Fm 

members, together with the structural relations, are consistant 

with this, 

Within the poorly exposed ground around Bunnaboghee Lough 

scattered outcrops of garnet - staurolite pelite are associated 

with lithologies of the Lakes Marble Fm. The paucity of exposure 

makes detailed structural interpretation difficult. The pelites 

may represent either infolded portions of the Streamstown 

Formation within F3 synforms, or portions of the underlying 

Ballynakill Fm lying within the cores of F3 antiforms. No 

clear relations can be determined in this area. 

The evidence of consistent structural position and 

transitional boundaries with the Streamstown Formation have led 

to the inclusion of the garnet -_ staurolite pelites in the 

Streamstown Formation as the Roeillaun Schist Member.
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3.1 Introduction 

The structure .of the Connemara massif has been extensively 

studied (eg, Tanner 1967, Treloar 1982) and a sequence of four 

main deformational stages has been established (Figure 3.1). The 

intensities of the various deformation stages varies greatly 

across the massif, as does the relative timing of deformational 

and metamorphic events. The relations between structural and 

metamorphic events are discussed in chapters 4, 6 and 7. 

The Renvyle - Bofin slide {2.1.1} divides the study area into 

two ‘units’, a southern sequence of Argyll Group (Dalradian) 

lithologies which are in structural continuity with the rest of 

the Connemara massif, and a more enigmatic northern sequence, the 

Kylemore Formation which is associated with the basic and 

ultrabasic bodies of the DCD. The fabrics and _ structures 

developed within the southern and northern units are discussed 

separately in {3.2.1 and 3.2.2} respectively, with the structural 

effects of the igneous bodies considered in {3.2.2.4}. The 

internal structure and contact relations of the igneous bodies 

are considered in {3.4}. The Renvyle - Bofin slide is discussed 

in {3.3}. 

3.2 Structural features and fabrics of the 

Metasedimentary lithologies 

3.2.1 Structures developed in the lithologies south of the 

Renvyle-Bofin slide 

  

3.2.1.1 Planar fabrics: At outcrop, two main schistose 

fabrics are commonly evident, a bedding parallel to subparallel 

penetrative foliation and a spaced steeply dipping fabric. 

The penetrative fabric is defined by strong alignment of platy 

and tabular minerals, flattened grain aggregates and original 

sedimentary clasts which display boudinage in the fabric. Within 

amphibolitic lithologies incipient feldspar / qtz segregations 

are developed parallel to the penetrative foliation, producing 

the ’striping’ described in {2.1.2}. Siliceous ribs are 

developed in the fabric within the marble and _ calcsilicate 

lithologies. The segregation fabrics and foliation are deformed 

around F3 {3.2} folds.
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Figure 3.1: Simplified deformation history for Connemara (after 
Tanner & Shackleton 1979). 

Di: Evident only as fine, often crenulated, MP: fabrics 
within garnet and plagioclase porphyroblasts and rare folds 
{possibly representing sedimentary slump folds) with clear 
relations to later fabrics and folds. 

De: ’Derryclare stage’, major mnappe — like folds with 
probable WNW -—- ESE axial traces, evident only by stratigraphic 

repetition (and facing changes). Minor folds more clearly 

evident, typically tight, with axial planar schistosity, and cut. 
by later crenulation fabrics. The dominant ’regional’ 
penetrative schistosity is axial planar to these folds. 

Strongly developed lineation of boulders, pebbles, clasts and 
mineral segregations (feldspathic spots and _ fibrolitic clots) 
generally eastward plunging, although NNE plunges are developed 
in NW Connemara. 

Ds: ’Glen Coaghan stage’, the dominant fold closures 
developed in the Connemara massif are of Ds age, and are 
most clearly evident where a well defined stratigraphy is 
deformed. No major Fs folds are evident in the Kylemore 
Formation. E - W trending axial planes with variable plunges. A 
crenulation fabric (often resembling a penetrative schistosity in 
the field) is axial planar to these folds. This crenulation 
forms an intersection lineation and folds the Lz lineation. 
The intensity of deformation appears to increase from N to S. 

Da: ’Connemara antiform stage’, large scale, rounded, 
epen structure, with overall eastward plunge ( <25°) with 
local variation. Axial plane dips north at >70°. 

Tectonic slides: Timing generally poorly constrained, can locally 
be traced around F3 structures, although reactivation of the 
structures during Ds is likely.
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Figure 3.2: Segregated S2 fabric in Lakes Marble amphibolite 
(X 29) PPL. 
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Figure 3.3: Segregated Sz fabric in Streamstown Formation 
pelite (X 29) XPL. 
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The penetrative fabrics are variably overprinted by a spaced 

foliation which is axial planar to Fs folding. Fs 

folding is tight and locally isoclinal in form {3.2.1.3} which 

often means that Ss and Sez are parallel or subparallel 

to one another in fold limbs but show good crenulation relations 

in fold hinges. The degree of replacement of the earlier Sz 

fabric by the Ss axial planar foliation is highly dependent 

on the lithologies involved, with pelitic Sz foliation often 

appearing to be totally transposed into the later Ss fabric, 

whereas psammitic and quartzitic lithologies show widely spaced 

Ss partings cross - cutting the penetrative Sz: fabrics. 

In fold limbs a composite fabric is produced with a variably 

spaced fabric running parallel to the penetrative fabric. Within 

many of the quartzitic and psammitic lithologies uneqivocal 

identification of the phase of fabric developed is difficult 

unless folding is present. 

The segregated nature of the earlier penetrative fabric is 

best seen in thin’ sections of pelitic and amphibolitic 

lithologies where biotite or amphibole foliae separate quartz / 

feldspar rich zones (Figures 3.2 and 3.3). In_ pelites the 

penetrative fabric wraps porphyroblasts of garnet and feldspar 

which contain inclusion fabrics. These inclusion trails are best 

developed in garnet porphyroblasts and the variation in the 

nature of the inclusion fabrics and their relation to external 

fabrics are discussed in {3.2.3}. The fabric seen in inclusion 

trails is occasionally preserved within the elongate 

quartzofeldspathic lenses of the penetrative fabric. As the 

penetrative fabric overprints an earlier, now largely obscured, 

fabric it must be considered as an S&S: fabric with the 

included fabric being Si. The dominance of Se in the 

Connemara massif is noted by many workers (e.g. Badley 1976, 

Yardley 1976) although Treloar & McInnes (1981) suggest that the 

dominant fabric is a composite Sz / S3 foliation. 

The crenulation fabric, Ss, is most apparent in Fs 

fold hinges, especially in schistose pelitic lithologies where it 

develops as buckle folds of Sz. In the pelitic lithologies 

the crenulation shows a range in morphologies from gentle rounded 

folds to tight chevron-like forms (Figures 3.4 and 3.5). Within 

these crenulations the biotite defining Sz is often deformed
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Figure 3.4: Gentle Ds  crenulation deforming S:z 
foliation in Streamstown Formation pelite (X 29) PPL. 

  
Figure 3.5: Tight angular Ds crenulations deforming Sz 
in Streamstown Formation pelite (K 29) XPL. 
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Figure 3.6: Equal area stereonet projections of orientation data 
from lithologies south of the Renvyle Bofin Slide; 
a, Foliations (poles, 387 pts). 
b, Mineral lineation (260 pts). 
c, Ps fold axial planes (poles, 96 pts). 
d, Fs fold hinges (96 pts). 

(lower hemisphere projections) 
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in a brittle manner and variably replaced by chlorite. In 

psammitic and quartzitic lithologies the Ss: fabrics are 

poorly defined, the foliation being penetrative in nature and 

resembling Sz.  Treloar (1982) describes a similar lack of 

clear Sz / Ss relations as being the result of the 

transposition of Sz into Ss during Ds. 

3.2.1.2 Linear fabrics: Linear fabrics are commonly 

developed in siliceous lithologies with extensional grain shape 

{qtz rodding) and clast fabrics, and foliation intersection 

lineations showing general E - W azimuths and relatively shallow 

plunges (Figure 3.6). Within other lithologies lineations are 

variably developed, occurring as quartz rodding within siliceous 

ribs and pods in marbles and pelites, and as rare dimensionally 

orientated amphibole needles within amphibolitic units. Fs 

fold hinges within the Bennabeola quartzite often display mullion 

forms parallel to the lineation direction. The linear fabrics 

are parallel to the axes of Fs folds, a feature typical of 

lineations over much of Connemara (Tanner & Shackleton 1979). In 

many of the lithologies the relation between linear fabrics and 

foliations is unclear, but in psammitic units extended and 

flattened clasts can be seen to be deformed around Fs folds, 

showing the extension lineation to be at least partly pre - 

Fs. Interpreting the timing of foliation / bedding 

intersection lineations is dependent on clear identification of 

the foliation fabric involved {3.2.1.1}. 

3.2.1.3 Folds: No F: folds were identified in the 

study area, although it is likely that the intense Se 

fabrics overprint and obscure any earlier folding {3.2.1.1}. 

Previous workers (eg. Yardley 1976, Tanner & Shackleton 1979) 

have suggested that the relic S1 fabrics are not the product 

of deformation but are mimetic after bedding, with Ds 

fabrics representing the earliest deformation. 

Inspite of the intensity of Se fabrics, obvious Fz 

folds are relatively rare. Where evident, e.g. [GR 664 603], 

F2 folds are small scale structures, typically with 

amplitudes of <100mm, with axial planar S2 foliation. Where 

the hinges of F2 folds can be seen they are highly
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Figure 3.7: Fe eye closures deformed by upright Fs 
folds in the Gubbatoor Psammite Member of the Lakes Marble 
Formation [GR 664 603]. Lens cap is 49mm diameter. 
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Figure 3.8: Typical Fs folding in the Tonabina Marble Member 
of the Lakes Marble Formation [GR 643 635]. Lens cap is 49mm 
diameter. 
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Figure 3.9: Typical Fs folding in the Gubbatoor Psammite 
Member of the Lakes Marble Formation [GR 644 633]. Notebook is 
210 x 150mm. 

  
Figure 3.10: Fs folds of boudinaged F:2 closures of 

amphibolite within the Tonabina Marble Member of the Lakes Marble 
Formation [GR 643 635]. Lens cap is 49mm diameter. 
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curvilinear, with the fold axis changing direction by up to 

120°. More often Fz folds are evident as ’eye’ and 

doubly verging structures (Figure 3.7). The Lz extension 

lineation {3.2.1.2} bisects the hinge angle of the curvilinear 

folds. 

F3 folds, clearly identifiable by their deformation of 

Se fabrics, are the most commonly developed folds in the 

study area. These folds show steeply dipping axial planes 

(Figure 3.6) and variable, though generally shallow, plunges 

(Figure 3.6). Folds on all scales show hinge line culmination 

and depression features. The vergence of minor F3 folds 

defines large scale structures, such as the Tully Mountain 

Synform. Way up evidence within the metasediments show the 

Fs folds to be downward and north facing. Typical fold 

forms are tight to isoclinal in nature, resembling similar folds 

(class 2 folds Ramsay & Huber 1987) although hybrid type 3/lc 

folds are reported as the common fold style in other areas of 

Connemara (e.g. Badley 1976, Yardley 1976). The detailed fold 

morphology is variable and controlled by lithology, the best 

developed folding being evident in marble and psammitic units 

(Figures 3.8 and 3.9). More pelitic units show only rare folds 

preserved in quartz veins. Where Fz folds are deformed by 

F3, a range of interference patterns are produced (Figure 

3.10). 

Kink bands, locally producing box folds, cut across the Fs3 

structures. These kinks may be related to the Ds 

deformation although no direct evidence for large scale Fa 

structures was detected in the study area. The dominant 

structural effects of Fs folding are related to the 

development of the Connemara Antiform (Tanner & Shackleton 1979), 

the hinge of which lies to the south of the study area. The 

formation of the Connemara Antiform led to a tilting of the study 

area to the north by up to 70° (Figure 3.11). The removal 

of this tilting rotates the Fs structures to a shallow 

orientation similar to that shown by Morris & Tanner (1977), with 

the folds in the study area having subhorizontal axial planes and 

facing north. The _ structural evolution of the study area, and 

its relation to the rest of Connemara are discussed in section 

{3.5}.
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Figure 3.11: Cross section of the Bennabeola area (From Tanner & 
Shackleton 1979) showing the northward tilting of the study area 
due to the Fa Connemara Antiform (CA). 
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3.2.2 Structures developed in the lithologies north of the 

Renvyle - Bofin slide (the Kylemore Formation) 

3.2.2.1 Planar Fabrics: The foliation fabrics developed 

within the Kylemore Fm are very similar to those seen in 

lithologies to the south of the RBS {3.2.1.1}, with two 

foliations being evident in the field. The earlier of these 

fabrics is penetrative, parallel to bedding and often associated 

with an incipient compositional layering in pelitic lithologies. 

This fabric shows an orientation similar to the fabrics in the 

lithologies to the south of the RBS (Figure 3.12). Along with 

the compositional layering, an alignment of platey and tabular 

minerals and flattened grain aggregates define the foliation. 

Where original sedimentary clasts are present they show 

flattening in the penetrative foliation. Penetrative fabrics are 

deformed around the hinges of Fs: folds. 

A spaced second foliation, axial planar to the Fs folds 

(Figure 3.12), crenulates and locally obscures the penetrative 

fabric. The nature of the crenulation fabric is somewhat 

variable, ranging from gentle warps of the penetrative fabric 

(Figure 3.13) to tight chevron-like folding (Figure 3.14). Axial 

planar foliations can locally obscure the penetrative fabric, a 

feature best seen within pelitic lithologies. 

In thin section the penetrative fabric can be seen to be a 

replacement of an earlier fabric, which is preserved as inclusion 

trails within porphyroblasts {3.2.3} and in scattered relicts 

throughout the bulk of the rock (Figure 3.15). The penetrative 

foliation is, like the penetrative fabrics developed to the south 

of the RBS, an Se fabric, with the crenulation being S3 

in age. Despite the high strains inferred for the Dez 

deformation (Kelly & Max 1979) pre - Dz fabrics are often 

preserved; a feature also noted by Ferguson (1984). 

3.2.2.2 Linear fabrics: As in the lithologies to the south 

of the RBS, strong linear fabrics are present in the Kylemore Fm. 

These linear fabrics are typically defined by ’rodded’ quartz 

grain aggregates and vein bodies (Figure 3.16), and by scattered 

dimensionally orientated amphiboles in amphibolitic units.
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Figure 3.12: Equal area stereonet projections of orientation data 
from the Kylemore Formation; 
a, Sz foliation, regional metamorphic lithologies (Poles, 
386 pts). 
b, Ss crenulation, regional metamorphic lithologies (poles, 
247 pts). 
c, Foliation, aureole lithologies (poles, 401 pts). 
d, Mineral lineation, aureole lithologies (215 pts). 
e, Mineral lineation, regional metamorphic lithologies (143 pts). 

  s 
(lower hemisphere projections)
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(Figure 3.12 cont) 
f, Fold (Fs) axial planes, all area (poles, 160 pts). 
g, Fold (Fs) hinges, all area (160 pts). 

   
Figure 3.13: Penetrative Sz foliation deformed by upright 
Ds crenulation (X 29) PPL. 

 



Figure 3.14: Angular Ds crenulation deforming Sz 
foliation in Kylemore Formation pelite (K 29) PPL. 
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Figure 3.15: Relic Si fabrics preserved within segregated 
S2 foliation which is crenulated by upright Fs 
microfolds (X 56) PPL. 
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Figure 3.16: Lineated Kylemore Formation at [GR 688 606]. 
cap is 49mm diameter. 
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Figure 3.17: Fs fold deforming S2 foliation and Lez 
lineation [GR 692 604]. Lens cap is 49mm diameter. 
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Figure 3.18: Crenulated Sz fabrics in pelitic Kylemore 
Formation [GR 687 611]. Lens cap is 49mm diameter. 

p wee? - “ Deke ys pains mya , - so i 

  
Figure 3.19: Ds kink band cutting across Fa fold [GR 
681 632]. Lens cap is 49mm diameter. 
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These fabrics fall into two groups which have different 

orientations (Figure 3.12), an E - W trending, relatively shallow 

plunging set which is possibly associated with the RBS {3.3}, and 

a more steeply plunging N - S trending group which is developed 

through out the study area, although more evident in the 

lithologies adjacent to the DCD igneous bodies. The time 

relations of the two groups of linear fabrics are often unclear, 

with no clear overprinting relations between the two orientations 

having been observed. The scatter in orientations of the N-S set 

(Figure 3.12) suggests that their orientation has been affected 

by the Fs fold events. The E-W trending set of lineations 

trend parallel to the Fs: fold hinges. 

3.2.2.3 Folds: As in the metasedimentary sequence lying to 

the south of the RBS the dominant folding in the Kylemore Fm can 

be ascribed to Ds. Bast - West striking and variably 

plunging Fs folds with axial planar S3 deform the 

Se and linear fabrics (Figures 3.12 and 3.17). Within 

pelitic units of the Kylemore Fm, Fs: folding is evident as a 

strong crenulation of the earlier fabrics and compositional 

banding (Figure 3.18). Where psammitic bands are developed they 

are tightly folded, the folds locally being almost isoclinal in 

form. Way up and younging evidence is sparse within the Kylemore 

Fm {2.1.2.2} although where present it shows the Fs folds to 

be upward and southward facing. Lithologies are locally inverted 

on the overturned limbs of Fs folds, 

Some evidence of pre Fs folding is developed at [GR 729 

628] where eye structures and doubly verging folds are deformed 

in the Fs structures. 

Post - Fs structures consist of kink bands, often showing 

brittle deformation, which cut across earlier fabrics and folds 

(Figure 3.19). No large scale F4 structures were detected, 

although the overall north tilting of the study area due to the 

development of the Connemara Antiform {3.2.1.3} is clearly 

evident. 

3.2.2.4 Fabric changes adjacent to igneous bodies: The 

foliation and linear fabrics developed in the Kylemore Fm show 

substantial modification within the contact aureole around the
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Figure 3.20: Irregular granitic veins and_= structureless 
migmatitic patches in Kylemore Formation migmatites [GR 703 594]. 

  
Figure 3.21: Irregular disharmonic folding in Kylemore Formation 
migmatites [GR 701 593]. Lens cap is 49mm diameter. 

 



DCD. The main changes in fabrics can be ascribed to the thermal 

effects of the DCD, although the presense of the igneous material | 

has a significant effect on the local structural style. 

The dominant planar fabric within the Kylemore Fm, S82, is 

associated with a compositional banding {3.2.2.1} which is 

overprinted by hornfelsic textures at the margins of the DCD. 

Within the hornfelsic lithologies the phyllosilicate minerals 

which typically define planar fabrics, biotite and muscovite, are 

developed in random orientations in the foliae and _ locally 

replaced by sillimanite {Chapter 4}. This random regrowth of 

minerals within an initially planar fabric becomes increasingly 

strong closer to the igneous bodies, with the development of 

large (upto 20mm) porphyroblastic feldspar (typically 

Anas-so) grains (producing the andesine porphyroblast schist 

of Tanner & Shackleton 1979). Granoblastic textures are often 

developed within 20 - 30m of the contacts with the larger 

gabbroic bodies, although the development of hornfelsic lithogies 

at the peridotite contacts is less common {3.4.1.4}. Migmatitic 

lithologies are common at the contacts with gabbroic bodies; 

Kylemore Fm lithologies being cut by irregular granitic veins and 

structureless nebulitic patches (Figure 3.20). In the migmatitic 

areas, Sz fabrics are often irregularly folded, with the 

folding typically being disharmonic, with a wide range in 

amplitude, wavelength and axial planar orientation (Figure 3.21). 

Bennett & Gibb (1983) described the complex nature of folding 

within the contact aureole of the Creggaun gabbro as being due to 

interference between several fold phases, tracing large scale 

‘regional’ Fa folds through the migmatitic lithologies. 

However, such large scale interference structures cannot be 

identified elsewhere in the study area. 

The small scale structures developed in the migmatitic 

lithologies are often highly complex, showing evidence of 

multiple fold phases and disrupted folds. At [GR 701 593] a 

disrupted amphibolitic sheet occurs within convolutely folded 

migmatitic semipelites (Figure 3.22). In the semipelitic 

lithologies isolated fold hinges, typically showing multiple fold 

relations, are ‘floating’ within a variably foliated feldspar 

porphyroblastic psammitic migmatite. The amphibolitic unit shows 

evidence of less ductile behaviour, being a series of angular
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Figure 3.22: Disrupted amphibolite sheet. (brown weathering) 
within convolutely folded migmatites (pale weathering) [GR 701 
593]. Hammer is 360mm long. 

  
Figure 3.23: Poorly foliated migmatitic fabrics swinging into 
strongly foliated ductile shear zone [GR 598 586]. Lens cap is 
49mm diameter. 
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Figure 3.24: Typical mylonitic fabric developed in aureole 
lithologies [GR 696 593]. Foliae of biotite, prismatic 
sillimanite and  (fibrolite wrapping garnet and _ feldspar 
porphyroclasts (X 29) PPL. 

  
Figure 3.25: Mylonitic fabric developed in reactivated ductile 
shear zone [GR 704 588]. Note the dominant phyllosilicate is 
chlorite, the absence of sillimanite, and the dusty appearance of 
altered feldspar porphyroclasts (K 29) PPL. 
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blocks which sit within the migmatitic lithologies. The 
relations between deformation and migmatite development are often 
unclear, with both pre and post deformational migmatite veining 
being developed along with localised structureless migmatitic 
lithologies which cross cut folding. This work interprets the 
complexity of structure in the contact zone migmatitic 
lithologies as being due to deformation synchronous with the 
development of the migmatites. Under such circumstances a 
variety of deformation / migmatisation relationships can develop 
(McLellen 1983) and the mechanical behaviour of the deforming 
lithologies is controlled by the percentage of melt present 
resulting in complex relations in the structures produced, 
A strong N-S lineation is developed in the bulk of hornfelsic and 
migmatitic lithologies, often obscuring the foliation. This 
lineation is developed within the convolutely folded migmatites. 
Detailed mapping by Dr A.P. Boyle (pers. comm) in the well 
exposed aureole of the Creggaun gabbro has revealed that the 
convolute foliation is locally reoriented into 1-2m zones of 
flat-lying regular mylonitic fabrics (Figure 3.23) which are 
commonly cross cut by granitic migmatite veins. These zones run 
E-W across the area and_ swing into steep N-S zones of similar 
regular mylonitic fabric. One such flat lying zone separates 
migmatitic and gabbroic lithologies from serpentinised peridotite 
lithologies [GR 705 590] {3.4.1.4}. The lineation fabric is 
strongly developed within these regular zones as are eye closures 
and doubly verging folds. These were interpreted by Bennett & 
Gibb as being due to interference between Fz and F3 
folds, but are here interpreted as sheath folds formed during 
progressive simple shear. The small scale fabrics within the 
regularly foliated units are typically mylonitic, with ribbon 
aggregates of quartz and porphyroclastic feldspar, and with 
garnet grains wrapped by an anastomosing fabric of 
Phyllosilicates and_ sillimanite (Figure 3.24). In some of the 
zones the mylonitisation shows evidence of development during 
retrogression, having strongly altered feldspars and chloritised 
micas within the fabric (Figure 3.25). In the intervening 
convolutely folded lithologies hornfelsic fabrics dominate. 
The contact zone fabrics are discussed further in {3.4.1.4 and 
3.4.2} and in the addendum at the end of the chapter (after page 
104).



72 

3.2.3 Fabrics within porphyroblastic minerals 

As noted in {3.2.1.1 and 3.2.2.1} an early fabric (S:1) is 

preserved within garnet and feldspar porphyroblasts which are 

wrapped by the dominant Sz3 foliation. Within feldspar 

porphyroblasts the included fabric, S:, is typically 

straight and at a high angle to the Sz fabric (Figure 3.26). 

The feldspar grains lie within the quartzofeldspathic domains of 

the segregated S: and are wrapped by anastomosing 

Phyllosilicate  foliae. Feldspar and quartz grains appear 

truncated where they abut against phyllosilicate rich zones. 

The inclusion fabrics seen in garnet porphyroblasts are more 

complex than those seen in feldspars, ranging from straight to 

spiral and crenulated trails. Inclusions within garnet 

porphyroblasts developed adjacent to the DCD are typically 

rounded and xenoblastic. These fabrics are not attributable to 

syntectonic development of porphyroblasts and are discussed in 

{Chapter 4}. The inclusion fabrics which show syntectonic 

origins can be interpreted as a developmental sequence (Figure 

3.27). 

The crenulated inclusion fabrics are not readily explicable by 

standard models for the development of syntectonic porphyroblasts 

which involve rotation of porphyroblast relative to matrix (e.g. 

Spry 1963, Powell & Treagus 1967, 1970), although rare spiral 

trails are developed (Figure 3.28) which can be considered in 

terms of rotational models. The models of syndeformational 

porphyroblast formation proposed by Bell & Rubenach (1983) (with 

modifications by Bell 1985, 1986 and Bell, Rubenach & Fleming 

1986) in which a developing porphyroblast overgrows an actively 

deforming foliated matrix, better explain the fabrics seen. 

Bell & Rubenach define six stages in the development of a 

segregated foliation from an _ original fabric via a crenulation 

cleavage (Figure 3.29). In this model the porphyroblasts do not 

rotate relative to the matrix, inclusion trails are produced by 

extremely rapid porphyroblast growth (relative to the strain 

rate) preserving ’snapshots’ of individual stages in the 

foliation development. 

Bell & Rubenach’s model is based on the strain field produced
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Figure 3.26: Relict Si: fabrics within feldspar grains within 
a segregated Sz foliation (X 56) PPL. 

  
Figure 3.27: Inclusion fabrics within garnet porphyroblasts from 
the Roeillaun Schist Member of the Streamstown Formation (NB. all 
sections cut perpendicular to the external Sz fabric). 
a, Straight inclusion trails of opaque minerals (largely 
ilmenite), quartz and feldspar within rounded, anhedral garnet 
porphyroblast (X 56) PPL. 

 



(Figure 3.27 cont) 
b, Continuous crenulated trails of quartz, feldspar and opaque 
Minerals (X 56) PPL. 

_~ “oe 

  
c, Crenulated trail showing loss of quartz and feldspar within 
crenulation hinges, although tabular opaque minerals are 
preserved in these zones (X 29) PPL. 
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(Figure 3.27 cont) 
d, Crenulated hinges only locally preserved, with inclusion free 
garnet domains developed between the remaining hinges (X 56) PPL. 

  
e, Inclusion zones of quartz and feldspar, with no apparent 
preservation of crenulation hinges, separated by inclusion free 
garnet. domains (X 56) PPL. 

a oi Sear 

 



Figure 3.28: Apparent rotational trail in a garnet porphyroblast 
from the Kylemore Formation (X 56) PPL. 

= 5 2 

  
Figure 3.29: The progressive modification of an original 
foliation through a crenulation cleavage to a new penetrative 
foliation (from Bell 1985). 1, Uncrenulated original foliation; 
2, Crenulated foliation; 3, Differentiated crenulation cleavage 
with continuity across the crenulation; 4, Differentiated 
crenulation cleavage with new phyllosilicates along the 
crenulation; 5, Differentiated layering due to the destruction of 

crenulation hinges by further deformation; 6, Homogenised 
cleavage. 
Note the similarity in form of stages 1 to 5 to the inclusion 
trails shown in Figure 3.27 a to e. 
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Figure 3.30: Tabular garnet porphyroblast from Kylemore Fm pelite 
(X 56) PPL. 

wan 

  
Figure 3.3la: Morris & Tanners’ (1977) correlation of the Renvyle 
- Bofin Slide across the Fa Connemara Antiform. 
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Figure 3.31 (continued) 
b, Tanner & Shackleton’s (1979) correlation of the Renvyle - Bofin 
Slide across the Fe Connemara Antiform. 

DA     —s— Tectonic slide 

>8 FS fold closure 

c, Pre Fs orientation of the Renvyle - Bofin Slide (from 
Morris & Tanner 1977). 
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during the deformation being hetrogeneous; deformation being 

partitioned into domains of low strain (primarily shortening 

strains) wrapped by anastomosing high strain zones (with a large 

shear component to the strain). As deformation proceeds the 

strain field does not remain constant, but shifts such that 

intial low strain zones can receive high strains. In high strain 

zones phyllosilicate minerals are more readily able to absorb the 

high shear strains, whereas other minerals (Qtz, Pl, Grt) will 

develop large dislocation densities and undergo dissolution. As 

a result of this dissolution of rigid lattice minerals the high 

strain zones become enriched in phyllosilicate minerals. The low 

strain zones provide suitable sites for precipitation of the 

dissolved minerals and Bell & Rubenach’ suggest that 

porphyroblastic minerals preferentially nucleate in low strain 

zones. 

However, as the strain field shifts during the deformation, 

the initial low strain nucleation sites of porphyroblasts can 

become subject to high shear _ strains. As ae result, 

porphyroblasts can undergo dissolution as the high strain 

migrates through the porphyroblast. Within pelitic lithologies 

tabular garnet porphyroblasts are common (Figure 3.30), with 

their longest sides lying parallel to the foliation fabrics 

suggesting dissolution. 

The fabrics developed in porphyroblastic minerals, 

particularly in garnets, preserve information on the early strain 

history of the study area, the details of which are considered in 

{3.5}. 

3.3 The Renvyle — Bofin slide 

3.3.1 Previous work: The Irish geological survey (Kinahan 

et al. 1878) noted the existence of a zone of disruption, the 

Kylemore valley fault, running E-W along the Kylemore valley and 

along the axis of the Dawros peninsula. This fault separates 

well stratified lithologies to the south from a more homogeneous 

northern series, within which the Dawros - Currywongaun - 

Doughruagh igneous complex is developed. The survey considered 

the Kylemore valley fault to be a brittle structure and did not 

correlate it with features seen elsewhere in the Ballynakill
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district. 

Cruse (1963) noted the existence of a tectonised zone on the 

island of Inishbofin, where a fault associated with serpentinitic 

and talc - schist pods is exposed on the coast near Inishbofin 

harbour. Cruse correlated this zone with features on the Renvyle 

peninsula, where a zone of ’ shattering and 

recrystallisation’, best seen around Eagles Nest school [GR 665 

626], runs to the south of Lakes Marble Fm lithologies which 

Cruse interpreted as being in stratigraphic continuity with 

adjacent Kylemore Fm _ semipelites. This tectonic break was 

christened the Renvyle - Bofin slide (RBS) by Cruse (1963). 

Cruse & Leake (1968) postulated that this largely unexposed 

feature dipped steeply to the north and had downthrown the 

northern area late in, or after, the Ds deformation. 

Morris & Tanner (1977) consider the RBS to be a large scale 

feature, reappearing in South Connemara, and _ schematically 

depicted (Figure 3.31) the RBS running across the top of the 

Connemara antiform to outcrop north of the Cashel - Lough 

Wheelaun igneous bodies. This correlation suggests that the 

Kylemore Fm and the lithologies surrounding the igneous bodies in 

the south represent the same stratigraphic unit. Morris & Tanner 

show the slide to be deformed by Fs folds (Figure 3.31) 

implying that the slide developed pre/syn F3 and was 

deformed by that folding. 

Tanner & Shackleton (1979) suggest the RBS runs across the 

Connemara Antiform (CA) to reappear north of the south Connemara 

ultrabasic bodies, correlating the Kylemore Fm with the Cashel Fm 

in the south. Tanner & Shackleton trace the RBS east from the 

limit of Cruse’s area across the Dawros peninsula and through the 

Kylemore valley. The slide cuts out two formations, the 

Streamstown and Lakes Marble Fms on the north limb of the Tully 

Mountain synform. The displacement is considered by Tanner & 

Shackleton to be laterally variable, reaching a maximum adjacent 

to Kylemore Lough and falling away to the east and west, although 

no displacement direction is given. The slide is suggested by 

Tanner & Shackleton to postdate the peak of regional metamorphism 

(late Fs) and to be associated with the development of 

mylonites and blastomylonites in the Kylemore Fm. 

Leake, Tanner, Macintyre & Elias (1984) suggest that the RBS,
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along with other late - post Ds slides, are precursors of 

the Mannin thrust {1.2}. More recently Leake (1986) has 

suggested that the RBS is related, at least in part, to a feature 

in southern Connemara, the Clifden Bay dislocation (a late / post 

Fa feature). Leake considers that these two features 

represent normal faults, downthrowing the north and _ south 

Connemara areas with central Connemara being uplifted. The 

implied mechanism for this movement is the isostatic uplift of 

the ‘low density quartzite - dominated region of the Connemara 

antiform’ and the relative sinking of the denser basic and 

ultrabasic intrusive rich north and south areas. 

In the majority of interpretations the development of the RBS is 

considered to be prior to the formation of the Fs Connemara 

antiform {3.2.1.3 and 3.2.2.3}. Palaeomagnetic studies of the 

development of the Connemara Antiform by Morris & Tanner (1977) 

show the RBS to have had a _ shallow, possibly south dipping 

orientation prior to later Ds folding (Figure 3.31). This 

shallow early orientation is implied by Tatiner & Shackleton 

(1979), who show the RBS to be deformed around the CA. In 

interpreting the nature of the RBS and its regional significance, 

it is important to determine its timing relative to the CA and to 

discern the original orientation of the slide. 

In spite of its local and regional significance the RBS remains a 

contentious feature; its timing, movement sense and relation to 

the regional structure being unclear. The following section 

{3.3.2} describes the lithological, structural and textural 

features developed around the _ slide; the significance of these 

features is discussed in {3.5}. 

3.3.2 Field observations: The path of the RBS through the 

study area is shown on Figure 3.32. The slide zone itself is 

largely unexposed lying in a shallow gully for much of its 

length. Adjacent to the slide the stratigraphic sequence is 

often highly attenuated, with the Bennabeola Quartzite Fm, which 

reaches a maximum thickness of »>250m in the core of the Tully 

Mountain synform, typically being reduced to <20m. The slide 

runs parallel / subparallel to the foliation and lithological 

boundaries for much of its course, generally juxtaposing the 

Bennabeola Quartzite Fm with Kylemore Fm schistose pelites and
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Figure 3.32: The path of the Renvyle — Bofin Slide through the study area. 
1: Kylemore Formation 
2 Bennabeola  Quartzite, Streamstown and Lakes Marble 
Formations 
3: Silurian 

  
Figure 3.33: The Renvyle - Bofin Slide exposed at Derryinver [GR 683 599} (photograph looking NW). The pale weathering Bennabeola Quartzite Formation to the south (left of Photograph) is separated from flaggy feldspar porphyroblast semipelites of the Kylemore Formation (right of Picture) by a zone of phyHonitic material which shows brittle disruption. Hammer is 360mm long. 
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semipelites. However, in the Derryinver area and to the north of 

Tully Mountain the slide cuts down through the Streamstown and 

Lakes Marble Fms to place the Kylemore Fm against the Lakes 

Marble Fm for the remainder of its (largely unexposed) course 

(Figure 3.32). This placing of the RBS between the Lakes Marble 

Fm and Kylemore Fm contradicts the interpretation by Cruse (1963) 

of this boundary as a stratigraphic passage. The actual contact 

is poorly exposed, but fabrics typical of the slide zone 

(chloritised phyllitic lithologies, brittle disruption of ductile 

fabrics) are best developed to the north of the Lakes Marble Fm 

lithologies, suggesting the RBS to lie between them and the 

Kylemore Fm. The metamorphic grades of the lithologies adjacent 

to the RBS are similar across much of the northwestern part of 

the study area, although where the Kylemore Fm is associated with 

the DCD the slide juxtaposes contact aureole sillimanite - 

bearing migmatitic Kylemore Fm with regional garnet - staurolite 

grade lithologies to the south {Chapters 4, 5}. The aureole 

effects of the syn - Dz DCD are not evident in the 

lithologies to the south of the RBS suggesting that the slide 

developed after the intrusion and cooling of the igneous bodies. 

The timing of the RBS can be constrained more tightly by 

consideration of the relations of structures and fabrics in the 

lithologies on either side of the slide. 

The slide itseJf is exposed in only two places in the study 

area, [GR 683 599 & 692 589]. At [GR 683 599] it is marked by a 

1 - 2m _ thick zone of chloritic phyllite which separates platey 

Bennabeola Quartzite Fm from feldspar porphyroblast rich Kylemore 

Fm semipelite (Figure 3.33). This zone shows evidence of strong 

brittle disruption of an originally ductile feature. Adjacent to 

the phyllitic material the quartzite has a platey appearance with 

a closely spaced foliation and a grain shape lineation being the 

dominant fabrics. Away from the _ slide zone the fabrics are 

less intense, the dominant (S2/3) foliation being widely 

spaced (20 -30 mm) with only localised 1-2m thick zones of platey 

quartzite, a variably developed grain shape lineation, and tight 

to isoclinal Fs fold closures. In the Kylemore Fm the 

lithologies adjacent to the slide consist of flaggy feldspar 

porphyroblastic psammites. The feldspars occur as augen within 

the foliation and are locally associated with a strong E - W
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trending grain shape lineation. This lineation is developed 

within 100m of the slide zone and _ its orientation contrasts 

strongly with the N - § _ linestions recorded elsewhere in the 

Kylemore Fm {3.2.2.2}. It is notable that the mylonitic zones 

adjacent to the slide show no clear evidence of shear criteria 

(e.g. Simpson 1986) through which the movement sense can be 

determined. 

The other exposure of the slide, [GR 692 589], again 

juxtaposes Bennabeola Quartzite Fm against Kylemore Fm, the 

quartzite being highly attenuated with a thickness of 15 - 20m. 

The Streamstown and Lakes Marble Fms in this area also show 

considerable thinning in the zone adjacent to the slide, 

typically reaching thicknesses of only 20 - 30m, compared with 

the typical thicknesses of several hundred metres away from the 

slide. 

In those areas where the slide is unexposed the contact can 

often be located to within 5m, although where the quartzite is 

not adjacent to the slide such precise location is often 

difficult. 

Brittle deformation within lithologies adjacent to the slide 

(Cruse 1963), is not widespread, generally only being developed 

within 5 - 10m of the actual slide zone. The zone around Eagles 

Nest School [GR 665 626], noted by Cruse as being typical of the 

’shattering’ associated with the RBS, contains a series of 

minor ( <5m displacement) brittle faults (Figure 3.32) which 

locally produce the appearance of large scale brittle disruption. 

A gently dipping lineation trending parallel to the trace of the 

slide is variably developed in lithologies adjacent to the RBS. 

The mineral assemblages in lithologies adjacent to the slide 

{4.1} show little evidence of retrogression related to ductile 

deformation, although a chlorite grade overprint is common in 

phyllitic zones and where brittle deformation is developed. 

3.4 Structure and contact relations of the igneous bodies 

3.4.1 The structure of the Dawros Peridotite: Introduction 

Despite the body of work covering the structure of the Dawros



Figure 3.34: Previous interpretations of the structure of the 
Dawros peridotite; 
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Figure 3.35: Equal area stereonet projections of the peridotite 
orientation data (all planes plotted as poles); 
a, Phase layering (131 pis) 
b, Si foliation (153 pts) 
c, Sz foliation (122 pts) 
d, Phase layering (dots, 36 pts) and foliation (triangles, 14 
pts) in gabbroic lithologies. 
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