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CHAPTER SIX 

MODELLING OF THE DONEGAL GRANITES 

6.1 INTRODUCTION 

The geochemistry of the Donegal granites (Chapter 5) shows that the granites 

consist of individual melts which later make up specific granitic plutons. In general, the 

variation in granitic rocks can be produced by one of several processes. These include 

fractional crystallisation, effect of a vapour phase, restite unmixing, magma mixing, 

crustal assimilation and thermo gravitational diffusion. In the Donegal granites crystal 

fractionation appears to be the dominant process that produced the variation of the 

rocks. The variation in the Thorr pluton is regarded as due to accretion from the margin of 

the pluton (Oglethorpe 1987). The variation of Barnesmore resulted from fractional 

crystallisation of a granodioritic magma (G1type ; Dempsey 1987). In the Rosses pluton, 

the decrease of biotite from margin to the centre of the pluton suggests the effects of 

fractional crystallisation. However the exception is probably shown by the Ardara 

granite, where the three units (the outer, intermediate and 'inner units) are not related by 

simple fractionation. A process that may be important is the effect of vapour phase 

fractionation (Whalen 1983) in producing the muscovite granite in the Trawnagh Bay 

pluton. 

This chapter attempts to model the geochemistry of the individu~l plutons of the 

Donegal granites as seen at the present erosion level. The modelling has been carried out 

in three stages. Firstly, the granites will be modelled using the large ion lithophile 

elements (LILE) Ba, Sr and Rb. These elements have been used to determine the 

crystallising proportions of biotite, plagioclase, alkali feldspar and hornblende. 

Secondly the major elements have been used to determine the crystallising proportion of 

the major phases such as plagioclase, alkali feldspar, hornblende and biotite and some of 

the accessory phases such as apatite, ore phases and sphene (Atherton et ~l. 1992). 

Thirdly, REEs have been used to evaluate the roles of th.e various accessory phases. 
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6.2 INTRODUCTION TO MODELLING USED IN THIS CHAPTER. 

6.2.1 LILE Modelling 

The LIL elements Ba, Sr and Rb are of considerable value in determining the type 

and amount of major phase fractionation in intermediate and acid rocks because: 

(a) they are held predominantly in the major phases, 

(b) Kd's for commonly occurring major phases are available, 

(c) each element behaves somewhat differently i thus Rb is taken up 

preferentially by biotite, Ba by biotite and alkali feldspar and Sr by plagioclase and 

alkali feldspar. 

The arrow in the log Sr vs Ba, Ba vs Rb and Rb vs Sr diagrams indicates the net 

change in composition of the liquid for 20% Rayleigh fractionation of the named phase. 

This was calculated using (Rayleigh) fractional crystallisation 

CI/Co = F Da-l where 

Co = concentration of element 'a' in the original melt 

CJ = concentration of element 'a' in residual melt 

Da = bulk distribution coefficient for element a 

F = weight fraction of melt remaining. 

The ranges of Kds used are listed in Table 6.1. 

6.2.2 Major element modelling 

The next step is to use a more sophisticated approach to model the effect of 

fractional crystallisation. For this purpose an arbitrary start and target using 8 major 

element oxides is used to model the precipitated phases. The calculation of the major 

element modelling is determined by the following simple mass balance equation 

(Sanderson and Atherton 1985). 

melt 0 

Mk = (Mk-S01 (I-F) 
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Ba 
Sr 
Rb. 

Hb 
0.044 
0.022 
0.014 

Bi 
6.36 
0.12 
3.26 

Plag 
0.36 
4.4 

0.048 

K-felds 
6.12 
3.87 
0.34 

Table 6.1: Partition. coefficients of. Ba,Sr andRb used inthe LILE modelling. 
After Arth (1976). All values are for rhyolitic rocks. 

___ K-felds __ _ Plagioclase Bi Qu 
La 0.08 0.072 0.08 0.38 0.3 0.3 0.03 0.015 
Ce 0.044 0.046 0.037 0.24 0.27 0.27 0.04 0.014 
Nd 0.025 0.038 0.035 0.17 0.21 0.21 0.04 0.016 
Sm 0.018 0.025 0.025 0.13 0.13 0.013 0.05 0,014 
Eu 1.13 2.6 4.45 2.1 5.42 2.15 0.Q15 0.06 
Gd 0.Q11 0.Q1 0.Q1 0.9 0.125 0.097 0.08 0.Q15 
Tb 0.025 0.033 0.025 0.02 0.033 0.033 0.09 0.017 
Dy 0.006 0.052 0.055 0.086 0.112 0.064 0.1 0.014 
Er 0.006 0.006 0.006 0.084 0.084 0.055 0.12 0,015 
Yb 0.Q12 0.Q15 0.03 0.077 0.09 0.049 0.18 0.017 
Lu 0.006 0.031 0.033 0.062 0.092 0.046 0.19 0.Q15 

References : 

K-Feldspar: Arth (1976), Nash and Crecraft (1985), Mahood &: Hildreth (1983) 
Plagioclase: Arth (1 fJ76) , Nash and Crecraft (1985) I Mahood &: Hildreth (1983) 
Biotite : Arth (1 fJ76) 
Hornblende: Arth (1 fJ76) . 
Quartz : Nash and Creeraft (1985) 
Magnetite : Petford (1990) 
Zircon : Micheal (1983) 
Apatite: Petford (1990) 
Allanite: Mahood and Hildreth (1985) I Brooks at al. (1981) 
Sphene: Hellman and Green (1979) 

Arth (1976): Rhyolites 
Nash and Creeraft (1985): Rhyolites 
Mahood and Hildreth (1983): High silica rhyolites 
Micheal (1983): High silica tuff/rhyolites 
Brooks et al. (1981): Obsidian 
Hellman and Green (l fJ79): Hydrous mafic composition 

Hb , 
1.5 
4.3 
7.8 
5.1 
10 
12 
13 
12 
8.4 
5.S 

Table 6.2 : Partition coefficients used in REE modelling. 

Ap Zr All Mag 
30 7 2594-820 12 
35 10 2278 -635 1.6 
57 5 1620 -463 2.3 
63 11 866 - 205 2.8 
30 20 111 - 81 1 
56 29 250·130 3 
53 38 273 - 71 3.3 
51 108 136 - 45 2.6 
37 336 50· 20 2 
24 564 30 - 8.9 1.5 
20 648 33 - 7.7 1.2 

Sp 
15 
25 
78 

107 
94 
'13 
112 
111 
107 
83 
62 



where 
melt 

Mk = weight % of element oxide k in final melt after fractionation 
o 

Mk = weight % of element oxide k in the initial melt 

F = fraction (0 - 1) of the melt crystallised 

Sk = sum of k-th element oxide in the crystallised fraction. 

6.2.3 REE modelling. 

The third stage is modelling using REEs. The influence of accessory minerals, 

notably apatite, zircon, sphene and allanite has been shown to be crucial in determining 

the REE pattern in silicic rocks (GrQmet and Silver 1983 ; Atherton et a1.1992). The 

mixture of minerals predicted from the major element modelling which includes apatite, 

sphene, magnetite, zircon and allanite was used to calculate the REE profiles of the 

evolved liquids. The partition coefficients for the major phases and the accessory 

minerals are given in Table 6.2. 

6.3 THORR PLUTON 

Field and chemical evidence show that the Thorr pluton is normally but 

asymmetrically zoned; the central part of the pluton consists of granite (s.s.) and grades 

outwards to granodiorite, then to diorite, mainly in the south and southwest (Map 2.5). 

No contacts have been found between these rocks (Pitcher and Berger 1972). Oglethorpe 

(1987) suggested that the accretion from the margin to the centre of the pluton is the 

important process in producing the observed chemical zonation of the Thorr pluton. Thus 

in this section, the Thorr granite will be modelled from the margin (hornblende bearing 

Normal facies) to the centre (hornblende free Normal facies) of the pluton. 

6.3.1 LILE modelling 

Inter elements variation diagrams for the pairs Rb-Sr, Ba-Sr and Ba -Rb for both 

hornblende bearing and hornblende free normal facies are shown in Fig 6.1. In all three 

plots, the hornblende free granite has low Ba and Sr and high Rb compared to the 
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hornblende bearing granite. On a Sr vs Ba plot (Fig 6.1a), the trend shown by the granite 

from both facies is consistent with the crystallisation of some combination of alkali 

feldspar, biotite and plagioclase. Thus the crystallisation options are plagioclase + 

alkali feldspar and plagioclase + alkali feldspar + biotite. 

On a Ba vs Rb plot (Fig 6.1a), indicates that the plagioclase and hornblende are 

important in the early magmatic evolution of the rocks from the hornblende bearing 

facies. As the granite evolved to the hornblende free facies, alkali feldspar and biotite 

became more important. 

On a Rb vs Sr plot (Fig 6.tc) calculated Rayleigh fractionation vectors for single 

mineral phases imply that the crystallisation of alkali feldspar + plagioclase + 

hornblende is responsible for evolving the liquid from hornblende-bearing to hornblende

free granites, with feldspars becoming more important at acid compositions. 

The conclusions that can be drawn from LILE modelling of the Thorr pluton are: 

(1) Plagioclase, hornblende and minor biotite are important in the evolution of the 

hornblende bearing normal facies and (2) Plagioclase, alkali feldspar and perhaps 

biotite are important in the hornblende free normal facies. 

6.3.2 Major element modelling 

In this section the normal facies will be modelled from the margin to the centre of 

the pluton in two stages; (1) quartz diorite to granodiorite (hornblende bearing normal 

facies) and (2) granodiorite to granite (hornblende free normal facies). The results of both 

stages and the difference between the target composition and the target model are shown 

in Tables 6.3 and 6.4 respectively. The mineral compositions used in this modelling are 

taken from the microprobe analyses of the starting sample (Oglethorpe 1987). The 

mineral mix in' the first stage is plagioclase, alkali feldspar, biotite, hornblende, 

magnetite, apatite and sphene at 50% fractionation (Table 6.3). 

The mineral mix of the second stage is plagioclase, alkali feldspar, biotite, 

hornblende, quartz, magnetite, apatite and sphene at 24% fractionation (Table 6.4). The 

results indicate that the plagioclase, alkali feldspar, biotite and hornblende 
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precipitation are important in the first stage whereas in the second stage alkali feldspar 

become more important and hornblende and plagioclase less so. 

6.3.3 REE modelling 

As with the major elements, the REE modelling of the Thorr pluton has been done 

in the same two stages. The REE profiles of the observed start and target compositions 

used in the modelling, together with the calculated melt profile are shown the Fig 6.2 

and Fig 6.3 respectively. The mineral mixtures of both stages are very similar to the 

major element modelling (Table 6.5). 

6.3.4 Discussion 

Summary of the major and REE modelling is given in Table 6.5. The results show 

that in the first stage (hornblende bearing normal facies) plagioclase, biotite, alkali 

feldspar and hornblende are dominant while in the second stage plagioclase, alkali 

feldspar and biotite are dominant. Oglethorpe (1987) modelled the Thorr granite in five 

stages from the margin to the centre of the pluton. He showed that the biotite is 

important in the late stage of the hornblende bearing normal facies and that the 

proportion of hornblende decreases with fractionation. 

Since all the Thorr granites have> 75% normative An+ Ab+ O!+ Qz, their bulk 

compositions can be represented reasonably accurately on a tetrahedral An-Ab-Or-Qz 

plot (Fig 6.4). Calculated normative composition of rocks from hornblende bearing and 

hornblende free normal facies were plotted on this diagram. It shows that the bulk of 

Thorr crystallised high in the plagioclase volume. Later crystallisation drove the liquid 

towards the plagioclase-alkali feldspar surface. At this stage alkali feldspar started to 

crystallised. 
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FIGURE 6.1: Inter element variation diagrams for LIL elements Ba,Rb and Sr of 
the normal facies of Thorr pluton. Mineral vectors indicate the net change in 
composition of the initial liquid after 20% Rayleigh fractionation of the named 
phase. 



Start composition 

Rock typ~ Quartz diorite 

Si02 61.97 
Ti02 0.76 
AI203 17.51 
Fe(tot) 4.32 
MgO 2.76 
CaO 4.17 
Na20 3.5 
K20 3.8 
Total 98.79 

PI: 48.7 
Ksp: 16 
Bi: 17.8 
Hb: 14 

Target composition 
(TC) 

granodiorite 

69.54 
0.46 
15.2 
2.2 
1.06 
2.1 

3.62 
4.31 

98.49 

Ap: 1 
Sp: 1.5 
Mag: 1 

% precipitation: 50% 

Target model 
(TM) 

69.68 
0.21 
16.29 
1.52 
2.09 
2.8 

2.55 
3.28 

98.42 

Different 
(TM-TC) 

0.14 
-0.25 
1.09 
-0.68 
1.03 
0.7 

-1.07 
-1.03 

TABLE 6.3: Summary results obtained from the major element 
modelling from diorite to granodiorite (Hornblende bearing normal 
facies of the Thorr pluton. Whole rock and mineral composition are 
taken from Oglethorpe (1987). 

Start composition Target composition 
(TC) 

Rock type. granodiorite granite 

Si02 70.64 74.05 
Ti02 0.4 0.29 
AI203 14.26 13.96 
Fe(tot) 2.11 1.14 
MgO 0.93 0.46 
cae 1.85 1.18 
Na20 3.13 3.52 
K20 5.22 5.18 
Total 98.54 99.78 

Mineral extract proportion 

PI : 37 
Ksp: 36.1 
Bi: 16 
Hb: 1.5 
Qu: 6.6 
Mag: 1 
Ap: 0.8 
Sp: 1 

% precipitation: 24% 

Target model Different 
(TM) (TM-TC) 

73.99 -0.06 
0.24 -0.05 
13.06 -0.9 
1.41 0.27 
0.6 0.14 
1.45 , 0.27 
3.01 -0.51 
4.65 -0.53 

98.41 

TABLE 6.4: Summary results obtained from the major element . 
modelling from granodiorite to granite (hornblende free normal 
facies) of the Thorr pluton. Whole rock and mineral composition 
are taken from Oglethorpe (1987). 



Start Target Target model Bulk Min Prop 
TH361 TH9 Kd 

quartz diorite Granodiorite 

La 28.4 17.47 16.26 4.4 PI 47.38 
Ce 64.8 41.66 41.31 4.26 Kf 16.10 
Nd 8.4 14 18.47 4.35 Bi 18.57 
Sm 31.6 2.68 2.58 4.19 Hb 12 
Eu 1.62 0.56 0.54 5.4 Zr 0.22 
Gd 4.3 2.05 2.05 3.75 All 0.03 
Dy 3.51 1.48 1.55 4.24 Sp 2 
Er 2.19 0.83 0.87 4.26 Ap 2.6 
Vb 1.59 0.8 0.93 3.71 Mag 1.1 
Lu 0.25 0.1 0.14 3.07 

% precipitation: 21% 

1000 
o TH36I 
• TH9 
o Model 

Q) ..... . - 100 I-< 
"'0 
!:: 
0 

...c: u 

......... 
~ u 
0 
~ 10 

La Ce. Pr Nd Sm Eu Gd Tb Oy Ho I;r Tr:n Vb Lu 

FIGURE 6.2: Summary of the REE modelling of the quartz diorite to grano
diorite of the Thorr pluton. At the top is the summary of start and target 
compositions, target model, amount of mineral precipitate (%) and bulk Kd 
of the REE used in the modelling. % precipitation is the percentage precipitated 
to move the start composition to the target model. Below is the graphical 
presentation of the modelling. 



Start Target Target model Bulk Min Prop 
TH9 THl Kd 

granodiorite granite 

La 17.47 11.67 11.93 3.99 PI 37 
Ce 41.66 32.87 29.55 3.7 Kf 36.2 
Nd 14 9.2 10.12 3.56 Bi 16.32 
Sm 2.68 1.84 2.09 2.96 Hb 1.5 
Eu 0.56 0.37 0.39 3.87 Zr 0.15 
Gd 2.05 1.44 1.8 2.05 All 0.13 
Oy 1.48 1.13 1.28 2.18 Sp 1 
Er 0.83 0.8 0.77 2.22 Ap 0.8 
Yb 0.8 0.75 0.69 2.16 Mg 0.9 
Lu 0.1 0.11 0.09 1.98 

% precipitation : 1 2% 

100 

o TH9 
50 • THl 

o Model 
<lJ .... ·c 

"'d 
~ 
0 

...c: 
u 10 '-. 
~ 
U 
0 
~ 5 

La Ce Pr Nd 8m Eu Gd Tb Dy Ho Er Tm Yb Lu 

FIGURE 6.3: Summary of the REE modelling of the granodiorite to granite of 
the Thorr pluton. At the top is the summary of start and target compositions, 
target model, amount mineral precipitate (%) and bulk Kd of the REE used in 
the modelling. % precipitation is the percentage precipitated to move the start 
composition to the target model. Below is the graphical presentation of the 
modelling. 



Major element modelling 

PI KF Bi Hbl atz Mag Ap Sp % ppt 

Stage 1 48.7 16 17.8 14 0 1 1 1.5 50% 
Stage 2 37 36.1 16 1.5 6.6 1 0.8 1 24% 

REE modelling 

PI KF Bi Hbl atz Zr All Sp Ap Mag % ppt 

Stage 1 47.4 16.1 18.6 12 0 0.22 0.03 2 2.6 1.1 21% 
Stage 2 37 36.2 16.3 1.5 6 0.15 0.13 1 0.8 0.9 12% 

TABLE 6.5: Summary of (a) major elements and (b) REE modelling of the 
Thorr pluton. Stage 1 : hornblende bearing normal facies and stage 2 : 
hornblende free normal facies. 
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FIGURE 6.4: Normative Ab-Or-An-Qz tetrahedral diagram for the 
Thorr granite. Phase boundaries from Presnall and Bateman (1973). 



6.4 ROSSES PLUTON 

The geochemistry of the Rosses granites indicates that there is a distinct 

chemical break at the G2 - G3 contact. It also appears that G3 is more basic than G2 

which does not support the idea of continuous evolution from G1 to G4. The Harker plots 

show that each of the units of the Rosses granite overlap in Si02 content. Rosses granites 

will be modelled in two parts (1) Intra units (each unit separately), (2) Inter units. 

6.4.1 Intra unit modelling 

6.4.1.1 LILE modelling 

Inter element variation diagrams for the pairs Rb-Sr, Ba-Sr and Ba-Rb are 

shown in Fig 6.5. All the units show a similar trend on all plots. On a Sr vs Ba plot (Fig 

6.5a) there is a good positive correlation. The sequence of decreasing Ba and Sr values is 

micro granite - porphyry dykes - G1- G3 - G2 and G4. Rayleigh fractionation vectors for 

single mineral phases imply that the crystallisation of alkali feldspar, plagioclase and 

biotite may have controlled the trends in all units. The same minerals may have 

controlled the trends shown on a Ba vs Rb (Fig 6.5b) plot. 

On a Rb vs Sr (Fig 6.5c) plot, plagioclase and alkali feldspar are important in 

controlling the trends in all units. 

6.4.1.2 Major element modelling 

The results of major element modelling are shown in Tables 6.6 to 6.11. Each unit 

has been modelled from its most basic to most felsic rock. The mineral compositions used 

are from the microprobe analyses (Appendix 4) . The results are : 

(1) The micro granite sheet has been modelled from 69.92% to 75.4% Si02. The model 

target composition can be achieved at 72% fractionation and the mineral mix is 

plagioclase, biotite, alkali feldspar and magnetite (Table 6.6). 

(2) G1 has been modelled from 70.2 % to 74.3% Si02. The model target composition 

can be achieved at 27% fractionation and the mineral extract is plagioclase, alkali 

feldspar, biotite. quartz and magnetite (Table 6.7). 
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(3) G2 has been modelled from 71.4% to 76.5% Si02. The model target composition 

can be achieved at 36% fractionation and the mineral extract is plagioclase, alkali 

feldspar, biotite, quartz, and magnetite (Table 6.8). 

(4) The porphyries have been modelled from 70.1% to 72.82% Si02 The model target 

composition can be achieved at 15% fractionation and the mineral extract is plagioclase, 

alkali feldspar, biotite and magnetite (Table 6.9). 

(5) G3 has been modelled from 72.8 % to 75.6 % Si02. The model target composition 

can be achieved at 16% fractionation and the mineral extract is plagioclase, alkali 

feldspar, biotite, quartz and magnetite (Table 6.10). 

(6) G4 has been modelled from 73.7 % to 76.6 % Si02. The model target composition 

can be achieved at 21% fractionation and the mineral extract is plagioclase, alkali 

feldspar, biotite and quartz (Table 6.11). 

6.4.1.3 REE modelling 

The REE in the Rosses pluton have been modelled in three stages, from the basic 

to the most felsic rocks of G1, G2 and G3. The REE profiles of the start and target 

compositions used in the modelling, together with the calculated melt profile are shown 

graphically in Fig 6.6, Fig 6.7, Fig 6.8 and are summarised in Table 6.12a. 

G1 has been modelled from ROSll (Si02= 70.05%) to ROS12 (Si02 = 71.66%). The 

mineral mix plagioclase, alkali feldspar, biotite, quartz and magnetite, allanite, 

apatite and zircon at 23% fractionation is required to produce the calculated REE profile 

(Fig 6.6). 

G2 has been modelled from ROSS (Si02 = 72.29%) to ROS15 (Si02 = 75.26%). The 

mineral mix plagioclase, alkali feldspar, biotite, quartz, magnetite, allanite, apatite 

and zircon at 45 % fractionation is required to produce the calculated REE profiles (Fig 

6.7). 

G3 has been modelled from ROS18 (72.83%) to ROS20 (73.34%). The mineral mix 

of the REE modelling of the G3 namely plagioclase, alkali feldspar, biotite, quartz, 

magnetite, allanite, apatite, and zircon at 16% fractionation is required to produce the 
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calculated REE profile (Fig 6.8). 

6.4.2 Inter units modelling 

Inter unit modelling of the Rosses granite are divided into two paths, (I) 

Microgranite to Gl to GZ and (Z) Porphyry dyke to G3 to G4. The samples for both paths 

were selected using the Ba vs Sr plot (see Fig 5.11) and are shown in Figure 6.9. The 

location of the samples is shown in a small map in Fig 6.9. Note that in the first path 

(microgranite to Gl to GZ), sample ROS7 is not in line with other samples. However, it 

was included in the modelling because it has the highest Ba and Sr contents compared to 

other G2 samples. Each path was modelled using the major elements and the results are: 

The first path is modelled in three stages: 

Stage 1 has been modelled from 69.9% (microgranite sheet) to 72.6% Si02 (G1). 

The model target composition can be achieved at 22% fr~ctionation and the mineral mix 

is plagioclase (50%), alkali feldspar (30.4%), biotite (17%), quartz (2%) and magnetite 

(0.6%). 

Stage 2 has been modelled from 72.6% (G1) to 73.3%(G2) SiOZ. The model target 

composition can be achieved at 7% fractionation and the mineral mix is plagioclase 

(47%), alkali feldspar (33.Z%), biotite (15%), quartz (4%) and magnetite (0.8%). 

Stage 3 has been modelled from 73.3%(GZ} to 74.02% (G2) SiOZ. The model target 

composition can be achieved at 6% fractionation and the mineral mix is plagioclase 

(45.9%), alkali feldspar (35.7%), biotite (13%), quartz (5%) and magnetite (0.4%). 

The second path is modelled in four stages; 

Stage 1 has been modelled from 71.6% (porphyry dyke) to 72.8% (G3) SiOZ. The 

model target composition can be achieved at 9% fractionation and the mineral mix is 

plagioclase (44.5%), alkali feldspar (36.7%), biotite (18%) and magnetite (0.4%). 

Stage 2 has been modelled from 72.8% (G3) to 73.3% (G3) SiOZ. The model target 

? composition can be achieved at 5% fractionation and the mineral mix is plagioclase 

(46%), alkali feldspar (35.7%), biotite (15%), quartz (3%) and magnetite (0.3%). 
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Stage 3 has been modelled from 73.3% (G3) to 73.4% (G3) Si02. The model target 

composition can be achieved at 1% fractionation and the mineral mix is plagioclase 

(46.3%), alkali feldspar (35.4%), biotite (15%), quartz (3.8%) and magnetite (0.3%). 

Stage 4 has been modelled from 73.4% (G3) to 74.9% (G4) Si02. The model target 

composition can be achieved at 9% fractionation and the mineral mix is plagioclase 

(41%), alkali feldspar (41.1%), biotite (11%), quartz (6%) and magnetite (0.9%). 

6.4.3 Discussion 

Major, LILE and REE modelling of the Rosses granites indicate that the evolution 

of each unit is controlled by the same minerals viz plagioclase, alkali feldspar and 

biotite but in different proportions. A summary of the major element modelling is given in 

Table 6.12a. In general, it shows no systematic decrease or increase the role of a given 

mineral through the whole sequence microgranite - G1 -G2 - porphyry - G3 and G4. 

However, biotite and quartz proportions show two separates but similar trends. Thus the 

role of biotite decreases in importance through the sequence microgranite (19%) to G1 

(18%) to G2 (14%). It then becomes more important in the porphyry dykes (19%) but again 

less so in G3 (15.5%) and in G4 (12%). On the other hand, the role of quartz is important in 

controlling the rock composition through the sequence of micro granite (0%) to G1 (2%) to 

G2 (6%). It then becomes unimportant in the porphyry (0%) but increases in importance in 

G3 (2%) and finally in G4 (5%). 

A summary of the inter unit modelling is shown in Table 6.12b. Two paths have 

been modelled namely (1) micro granite to G1 to G2 and (2) porphyry to G3 to G4. The 

modelling is divided into two paths because 'G2' cannot fractionate to 'G3' type magmas 

as the latter is more basic (see section 5.2.2.1 and 5.2.2.2). In the first path plagioclase 

and biotite decrease whereas alkali feldspar and quartz increase from stage 1 to 2 to 3. In 

the second stage plagioclase and alkali feldspar do not show any trend whereas quartz 

increases and biotite decreases from stage 1 to 2 to 3 to 4. 

The results seem to support Mercy's suggestion (1960b) that the evolution of the 

Rosses pluton involved two cycles i.e. microgranite to G1 to G2 and porphyry /G3 to G4. 
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Rock type 

Si02 
Ti02 
AI203 
Fe(tot) 
MgO 
CaD 
Na20 
K20 
Total 

Start composition Target composition 
(TC) 

Granite Granite 

69.92 75.4 
0.27 0.08 
15.36 13.24 
2.02 0.64 
1.38 0.16 
1.88 0.56 
4.56 4.4 
4.23 5.1 
99.62 99.58 

Mineral extract proportion 

Bi: 19 
PI: 50.9 
Ksp ; 30 
Qu: 0 
Mag: 0.1 

% precipitation; 72% 

Target model 
(TM) 

75.39 
0.14 
12.97 
1.19 
1.09 
1.17 
4.78 
3.49 

100.22 

Different 
(TM-TC) 

-0.01 
0.06 
-0.27 
0.55 
0.93 
0.61 
0.38 
-1.61 

TABLE 6.6 : Summary results obtained from the major element 
modelling of the microgranite sheets of Rosses pluton. Mineral data 
from Gl rock (Appendix 4). 

Start composition Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rock type Granite Granite 

Si02 70.2 74.3 74.4 0.1 
Ti02 0.3 0.14 0.17 0.03 
AI203 15 13 13.36 0.36 
Fe(tot) 2.2 1.2 0.93 -0.27 
MgO 0.71 0.39 0.43 0.04 
CaD 1.1 0.89 0.81 -0.08 
Na20 4 4 4.18 0.18 
K20 5.1 4.6 4.07 -0.53 
Total 98.61 98.52 98.35 

Mineral extract proportion 

Bi: 18 % precipitation: 27% 
PI:39 
Ksp; 39 
Qu; 2 
Mag: 2 

TABLE 6.7 : Summary results obtained from the major element 
modelling of Gl of the Rosses pluton. Mineral data from Gl rock 
(Appendix 4). 



Start composition . Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rock type Granite Granite 

Si02 71.4 76.5 76.43 -0.07 
Ti02 0.25 0.17 0.15 -0.02 
AI203 14.6 12.3 12.3 0 
Fe(tot) 1.8 1.1 0.87 -0.23 
MgO 0.76 0.35 0.57 0.22 
CaO 1.4 1.1 1.32 0.22 
Na20 4.2 4.2 4.13 -0.07 
K20 4.3 4.6 3.45 -1.15 
Total 98.71 100.32 99.22 

Mineral extract proportion 

8i: 14 
PI: 44.6 % precipitation: 36% 
Ksp: 35 
Qu: 6 
Mag: 0.4 

TABLE 6.8: Summary results obtained from the major element 
modelling of G2 of the Rosses pluton. Mineral data from G2 of the 
Rosses granite (Appendix 4). 

Rock type 

Si02 
Ti02 
AI203 
Fe(tot) 
MgO 
cae 
Na20 
K20 
Total 

Start composition 

Granite 

70.10 
0.35 
15.00 
2.50 
1.00 
1.70 
4.20 
4.50 

99.35 

Target composition 
(TC) 

Granite 

72.82 
0.16 
13.50 
1.90 
0.75 
2.00 
4.40 
4.00 

99.53 

Mineral extract proportion 

8i: 19 
PI : 39 
Ksp : 38 
Mag: 2 

% precipitation: 15% 

Target model 
(TM) . 

72.61 
0.29 
13.98 
1.89 
0.82 
1.52 
4.28 
3.90 

99.29 

Different 
(TM-rC) 

-0.21 
0.13 
0.48 
-0.01 
0.07 
-0.48 
-0.12 
-0.1 

TABLE 6.9 : Summary results obtained from the major element 
modelling of the porphyry dykes of the Rosses pluton. Mineral data from 
the porphyry of the Rosses granite (Appendix 4). 



Start composition Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rosk type granite granite 

Si02 72.82 75.6 75.52 -0.08 
Ti02 0.17 0.05 0.1 0.05 
AI203 14.21 14.1 13.09 -1.01 
Fe(tot) 1.32 0.54 0.65 0.11 
MgO 1 0.1 0.94 0.84 
CaO 0.97 0.4 0.68 0.28 
Na20 3.98 4.1 4.45 0.35 
K20 4.55 4.4 4.09 -0.31 
Total 99.02 99.29 99.52 

Mineral extract proportion 

Bi: 15.5 % precipitation : 16% 
PI : 45 
Ksp: 32 
Qu: 2 
Mag: 0.5 

TABLE 6.10: Summary results obtained from the major element 
modelling of G3 of the Rosses pluton. Mineral data from G3 
rock (Appendix 4). 

Start composition 'Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rosk type granite granite 

Si02 73.7 ' 76.6 76.58 -0.02 
Ti02 0.11 0.1 0.04 -0.06 
AI203 14.6 13.7 13.41 -0.29 
Fe(tot) 0.97 0.39 0.57 0.18 
MgO 0.26 0.3 0.07 -0.23 
CaO 0.51 0.46 0.14 -0.32 
Na20 3.9 3.4 3.88 0.48 
K20 4.6 4.6 3.76 -0.84 
Total 98.65 99.55 98.45 

Mineral extract proportion 

Bi: 12 
PI :40 % precipitation: 21 % 
Ksp : 43 
Qu: 5 

TABLE 6.11: Summary results obtained from the major element 
modelling of G4 of the Rosses pluton. Mineral data from G4 rock 
(Appendix 4). 



Start Target Target model Bulk Min prop 
ROS11 ROS12 Kd 
granite granite 

La 30.18 23.58 18.99 2.77 PI 38.03 
Ce 60.52 44.69 40.79 2.51 Kf 39 Nd 23.09 16.7 17.58 2.04 Bi 19 
Sm 3.81 3.04 3.49 1.33 Qu 1.76 Eu 0.72 0.55 0.53 2.23 All 0.09 
Gd 2.55 2.3 2.78 0.68 Ap 0.7 Oy 1.68 1.66 1.80 0.74 Zr 0.12 
Er 0.73 0.78 0.77 0.82 Mag 1.3 Yb 0.72 0.7 0.72 1.01 
Lu 0.1 0.09 0.10 1.05 

% precipitation: 23% 
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FIGURE 6.6: Summary of the REE modelling of Gl from Rosses pluton. 
At the top is the summary of start and target compositions, target model, amount 
of mineral precipitate (%) and bulk Kd of the REE used in the modelling. 
% precipitation is the percentage precipitated to move the start composition to 
the target model. Below is the graphical presentation of the modelling. 



Start Target Target model Bulk Min Prop 
ROSS ROS1S Kd 

Granite Granite 

La 16.17 7.12 6.55 2.S1 PI 44.03 
Ce 32.27 17.1 15.9 2.18 Kf 33.2 
Nd 14.45 6.1 7.13 2.18 Bi 14 
Sm 3.61 1.99 2.08 1.92 Q.u 5.8 
Eu 0.46 0.28 0.25 2.01 All 0.05 
Gd 3.3 2.08 2.4 1.53 Ap 2.4, 
Dy 2.91 2.45 2.34 1.37 Zr 0.08 
Er 1.62 1.49 1.43 1.22 Mag 0.44 
Yb 1.45 1.6 1.39 1.07 
Lu 0.2 0.2 0.2 1.04 

% precipitation: 45% 
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FIGURE 6.7: Summary of the REE modelling of G2 from Rosses pluton. 
At the top is the summary of start and target compositions, target model, 
amount of mineral precipitate (%) and bulk Kd of the REE used in the modelling. 
j;/ precipitation is the percentage precipitated to move the start composition 
to the target model. Below is the graphical presentation of the modelling. 



La 
Ce 
Nd 
Sm 
Eu 
Gd 
Oy 
Er 
Yb 
Lu 

Start Target Target model Bulk 
ROS18 ROS20 Kd 
granite granite 

25.16 17.8 19.32 2.51 
45.1 39.1 36.69 2.18 
17.3 14.97 14.07 2.18 
3.04 2.8 2.58 1.93 
0.6 0.51 0.5 2.01 
2.1 2 1.91 1.53 

1.66 1.62 1.56 1.37 
0.87 0.92 0.84 1.22 
0.85 0.92 0.84 1.07 
0.07 0.13 0.07 1.05 

% precipitation: 16% 

La Ce Pr Nd Sm Eu Gd Tb Oy Ho Er Tm Yb Lu 

Min Prop 

PI 44.47 
Kf 31 
Bi 14.5 
Qu 7 
All 0.05 
Ap 1.4 
Zr 0.08 
Mag 0.5 

o ROS18 
• ROS20 
o Model 

• ~- , " -. • Y" ' __ '.. "-

FIGURE 6.8: Summary of the REB modelling of G3 from Rosses pluton. 
At the top is the summary of start and target compositions, target model, 
amount of mineral precipitate (%) and bulk Kd of the REE used in the modelling. 
% precipitation is the percentage precipitated to move the start composition to 
the target model. Below is the graphical presentation of the modelling. 
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FIGURE 6.10a: Normative Ab-Or-An-Qz tetrahedral diagram for the 
Rosses granite (Microgranite .. Gl .. G2). Phase boundaries from. 
Presnall and Bateman (1973). 
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Rosses granite (porphyry - G3 - G4). Phase boundaries from Presnall 
and Bateman (1973). 



Major elements modelling 

Units PI Ksp Bi Qu Mag %ppt 

Microgranite 50.9 30 +19 0 0.1 72% 
G1 39 39 18 :t 2 27% 
G2 44.S 35 14 0.4 3S% 
Porphyry 39 38 19 

~t 
2 15% 

G3 45 32 +15.5 0.5 1S% 
G4 40 43 12 5 0 21% 

REE modelling 

Units PI Ksp BI Qu Mag All Ap Zr %ppt 

G1 38.3 39 19 1.76 1.3 0.09 0.7 0.12 23% 
G2 44.03 33.2 14 5.8 0.55 0.05 2.4 0.08 45% 
G3 44.47 31 14.5 7 0.5 0.05 1.4 0.08 16% 

TABLE 6.12a: Summary results of major and RE element modelling of the 
Rosses pluton. Note that in the major element modelling, biotite and quartz 
show decreasing and increasing trend respectively from microgranite to 
Gl to G3 and from porphyry to G3 to G4 (arrows). 

STEPS Plag K-Felds Quartz Biotite MagnetitE % ppt 

PATH 1 

M'granlte (ROS31) to G1 (ROS4) 50 30.4 2 17 0".6 22% 

G1 (ROS4) to G2 (ROS7) 47 33.2 4 15 0.8 7% 

G2(ROS7) to G2 (ROSS) 45.9 35.7 5 13 0.4 6% 

PATH 2 

Porphyry (ROS3) to G3(ROS1S) 44.9 3S.7 0 1S 0.4 9% 

G3(ROS18) to G3 (ROS20) 46 35.7 3 . 15 0.3 5% 

G3(ROS20) to G3 (ROSS) 46.3 35.4 3.S 14.5 0.3 1% 

G3(ROSS) to G4 (ROS10B) 41 41.1 6 11 0.9 9% 

f h . . t delling ofthe Rosses Table 6.12b: Summary results 0 t e Inter urn . rna 

granite. 



Mercy (1960b) suggested two cycles of differentiation at depth from magmas with 

compositions of the average microgranite and porphyry. The first cycle involved the 

differentiation of a biotite micro granite to form G1 and then G2 .The second cycle of 

differentiation involved the porphyries to G3 and G4. This radically different to Hall's 

model (1966c) in which he suggested that the changes in composition required to produce 

the Rosses Gl to G4 series resulted from continuous assimilation of the Thorr granodiorite 

at a depth of 30 km unlikely. 

On a tetrahedral An-Ab-Or-Qz plot of the Rosses granites, two paths can be 

distinguished i.e. (i) microgranite-Gl and G2 (Fig 6.10a) and (ii) G3-porphyry-G4 (Fig 

6.10b). The micrograriite of (i) started precipitation in the plagioclase volume, but 

quickly included alkali feldspar as the plagiochlse-alkali feldspar surface was reached. 

The porphyry dykes of the second path plot higher in the plagioclase volume compared 

to those of the first path. The crystallisation started at the plagioclase-quartz surface 

and at this time both plagioclase, minor quartz and alkali feldspar crystallised as 

phenocrysts. Further crystallisation would have moved the liquid away from the 

plagioclase-quartz surface towards the plagioclase-alkali feldspar surface. At this stage 

plagioclase precipitated along with alkali feldspar and final crystallisation involved 

quartz. 

6.S ARDARA PLUTON 

The geochemistry of the Ardara pluton (see section 5.2.3) indicates that the 

outer, intermediate and inner units are not related by simple crystal fractionation. Thus, 

each unit of the Ardara granite will be modelled separately. 

6.5.1 LILE modelling 

Inter element variation diagrams for the pairs Rb-$r, Ba-Sr and Ba-Rb are shown 

in Fig 6.11. The Sr vs Ba (Fig 6.11a) diagram shows that all units in Ardara pluton have 

restricted Sr and Ba contents compared to the other Donegal granites. The general trend 

shown by the Ardara rocks in this plot is consistent with minor fractionation of 
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hornblende and biotite. On a Ba vs Rb plot (Fig 6.11b), the outer unit has higher Rb value 

than the intermediate and inner units. This is odd considering that the outer unit of the 

Ardara pluton is the most basic of the Ardara rocks. On a Rb vs Sr plot (Fig 6.11c), the 

general trend of the Ardara granites is consistent with fractionation of alkali feldspar 

and biotite. 

6.5.2 Major element modelling 

The Outer, intermediate and inner units have been modelled separately. The 

results are shown in Tables 6.13 to 6.15. Each unit has been modelled from its most basic to 

most felsic rock. The results are : 

(1) Outer unit. This stage has been modelled from 60.6% to 63.2 % Si02. The target 

composition can be achieved by 22% fractionation and the mineral mix is plagioclase, 

biotite, hornblende, alkali feldspar, apatite, magnetite and sphene (Table 6.13). 

(2) Intermediate unit. This stage has been modelled from 62.6 % to 68.6 % Si02. The 

target composition can be achieved by 36% fractionation and the mineral mix is 

plagioclase, biotite, alkali feldspar, hornblende, magnetite, apatite and sphene (Table 

6.14). 

(3) Inner unit. This stage has been modelled from 68.6 % to 72.18 % Si02. The target 

composition can be achieved by 24% fractionation and the mineral mix is plagioclase, 

biotite, alkali feldspar, hornblende, magnetite, apatite and sphene (Table 6.15). 

6.5.3 REE modelling 

As in major elements modelling, the REEs have been modelled in the outer, 

intermediate and inner units. 

In the outer unit, the start sample (ARD1F) is taken from the outer margin and 

the target sample (ARD 1E) is from the inner margin. nle mineral mixes from major 

element modelling plus 0.14% allanite and 0.19% zircon at 16% fractionation are required 

to produce the calculated REE profiles shown in Fig 6.12. 

In the intermediate unit; the start sample is ARD2 ( 69.18 % Si02) and the target 
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sample is ARD4 (69.47 % Si02). The mineral mixes from major element modelling plus 

0.14% allanite and 0.19% zircon at 3% fractionation are required to produce the 

calculated REE profiles shown in Fig 6.13. The amount of magnetite is less in the REB 

modelling compared to the major element modelling. 

In the inner unit, the start sample is ARD13 (69.3 Si02) and the target sample is 

ARD 11 (72.18 Si02). The mineral mixes from major elements modelling plus 0.05% 

allanite and 0.24% zircon at 22% fractionation are required to produce the calculated 

REE profiles shown in Fig 6.14 

To further investigate the relationship between each unit, the differentiation 

index (Fig 6.15) and RblSr (Fig 6.16) values of the traverse samples of each unit were 

plotted against the distance from the margin to the centre of the pluton (see Fig 5.21). The 

mineral proportion and remaining liquid proportion (F) results obtained from the REE 

modelling (see Fig 6.12, 6.13 and 6.14) were used to model RblSr value of the target 

sample. These were compared to the actual values in Fig 6.16. The results are summarised 

below. 

Outer unit 

The changes observed from the outer margin (contact with the country rocks) to the inner 

margin (contact with the intermediate unit) of the outer unit are : 

(1) Si02 and OI decrease from the outer margin to the inner margin; 61.85% to 61.68% 

and 70.6 to 67.1 respectively. Thus the outer unit of Ardara granite is finely reversely 

zoned. 

(2) RblSr ratio decreases from the outer margin to the inner margin; 0.39 to 0.17. 

(3) Modelled RblSr value is 0.17. 

Intermediate unit 

The changes observed from the outer margin (contact with the outer unit) to the inner 

margin (contact with the inner unit) of the intermediate unit are : 

(1) RblSr decreases and Si02 and DI increase from the outer to inner margin. Thus in 

terms of Si02 and DI, the intermediate unit of the Ardara granite is normally zoned. 

(2) The gap observed in the intermediate unit is marked by the sudden increase of DI 
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and Si02 (see also Fig 5.21; section 5.2.3.3.). 

(3) Modelled Rb/Sr values are 0.08 (before the gap) and 0.04 (after the gap). 

Inner unit. 

The change observed from the outer margin (contact with the intermediate unit) to the 

centre of the inner unit are: 

(1) Si02, DI and Rb/Sr increase to the centre of the unit. Thus the inner unit is 

normally zoned which is in contrast to the outer unit. 

(2) Modelled Rb/Sr value is 0.04. 

6.5.4 I>isCllssion 

The summary of the major and REE modelling within the units is given in Table 

6.16. Although all the units show a similar trend in the LILE plots, the mineral 

precipitates. from the major element modelling are significantly different in the three 

units. The difference is obvious when comparing the inner unit to both the outer and 

intermediate units. Thus the amount of plagioclase (62%) precipitated in the inner unit is 

higher compared to both outer and intermediate units (53 and 50% respectively). The 

amount of hornblende precipitated is high in the outer and low in the intermediate to 

inner units. The amount of alkali feldspar precipitated in the inner unit (14.5%) is lower 

than that in the intermediate unit (15.5%). These results are opposite to what would be 

expected in a simple dosed evolving granite system. 

By using mass balance Yarr (1991), showed that the outer and intermediate units 

are closely related and that it is possible to generate an intermediate composition from an 

outer unit type parent magma. Yarr's results give an average of 65% plagioclase 

precipitated in order to move the liquid from the composition of the outer unit magma to 

that of the intermediate unit type magma. However, tests of Yarr's model using an 

average Sr for the outer unit of 513 ppm and KdSr Plag = 4.4 (Arth 1976), if 65% 

plagioclase was precipitated by fractional crystallisation, the average of Sr in the 

intermediate unit would be 156 ppm. It is 591 ppm. Furthermore the Rb/Sr ratio for the 

outer unit is higher than the intermediate unit, the opposite of what would be expected if 

133 



1000 -r--- - --------------, 

(a) 

Sr 100-

Bi Hb 

/\ 
10 

Ksp PI 
"' 

10 100 1000 10000 

Ba 
1000 

A~ (b) 

~ 
Hb 

Ba 100- !\PI 
BI 

Ksp 

10 , 
10 100 1000 

Rb 
1000 

(c) 

<> Outer unit 

\) 0 Intermediate unit 

Rb 100- PX: A Inner unit 

Ksp 
Bi A 

10;--~~~~~~Tr-, -~~~~~~ 

10 100 1000 

Sr 

FIGURE 6.11: Inter element variation diagrams for LIL elements Ba, Rb and Sr 
of the Ardara granite. Mineral vectors indicate the net change in composition of 
the initial liquid after 20% Rayleigh fractionation of the named phase. 



Start composition Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rock type ~ ~ 

Si02 60.57 63.22 63.23 0.01 
Ti02 0.91 0.84 0.77 -0.07 
AI203 17.82 16.65 17.44 0.79 
Fe(tot) 4.84 4.35 3.87 -0.48 
MgO 3.28 2.76 3.19 0.43 
GaO 4.06 2.97 3.51 0.54 
Na20 4.52 4.1 4.53 0.43 
K20 3.47 4.15 3.48 0.67 
Total 99.47 99.04 100.02 

Mineral extract proportion 

PI: 52.5 Ap : 0.5 % precipitation : 22% 

Si: 20.5 Mag: 1.5 
Hbl :14 Sph: 2 
Ksp : 9 

TABLE 6.13 : Summary results obtained from the major element 
modelling of the outer unit of Ardara pluton. Mineral data from 
the outer unit rock (Appendix 4). 

Start composition Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rock type ~ Granodiorite 

Si02 62.6 68.55 68.52 -0.03 
Ti02 0.7 0.38 0.33 -0.05 
AI203 16.8 15.58 15.34 -0.24 
Fe(tot) 4.2 2.62 2.33 -0.29 
MgO 2.6 1.85 2.27 0.42 
GaO 3.6 2.09 2.54 0.45 
Na20 4.3 4.51 4.29 -0.22 
K20 3.4 3.75 2.92 -0.83 
Total 98.2 99.33 98.54 

Mineral extract proportion 

PI : 50 Hb: 11 
Si: 19.5 Ap: 0.5 
Ksp : 15.5 Sp: 2 
Mag: 1.5 

% precipitation : 36% 

TABLE 6.14: Summary results obtained from the major element 
modelling of intermediate unit of the Ardara pluton. Mineral data from 
the intermediate unit rock (Appendix 4). 



Start composition Target composition 
(TC) 

Rock type Granodiorite Granodiorite 

Si02 
Ti02 
AI203 
Fe(tot) 
MgO 
CaO 
Na20 
K20 
Total 

68,6 72,18 
0,3 0,13 
16,2 14,79 

2 0,9 
1 0,86 

2,5 1,2 
5,5 5,61 
2,9 3,45 
99 . 99,12 

Mineral extract proportion 

PI:62.4 
Bi: 19,5 
Ksp: 14,5 
Mag: 1,5 
Hb: 1 
Ap: 0,4 
Sp: 1 

% precipitation : 24 % 

Target model 
(TM) 

72,26 
0,15 
14,93 

1.1 
0,69 
1.92 
5,6 

2,62 
99,27 

Different 
(TM-TC) 

0,08 
0,02 
0,14 
0,2 

-0,17 
0,72 
-0,01 
-0,83 

TABLE 6.15 : Summary results obtained from the major element 
modelling of the inner unit of the Ardara pluton. Mineral data 
from the inner unit rock (Appendix 4). 



Start Target Target model Bulk Min Prop 
ARD1F ARD1E Kd 
QMZD QMZD 

La 67.58 38.28 37.43 4.39 PI 52.75 
Ce 156 71.9 86.97 4.35 Kf 9.22 
Nd 59.5 28.8 29.53 5.02 Bi 20.5 
Sm 9.66 5.16 4.74 . 5.08 Hbl 13 
Eu 1.69 1.21 0.94 4.35 Mag 1.5 
Gd 6.28 3.75 3.1 5.05 All 0.14 
Dy 4.65 2.56 2.35 4.93 Sp 2.2 
Er 2.53 1.14 1.27 4.95 Ap O.S 
Yb 2.19 1.23 1.23 4.31 Zr 0.19 
Lu 0.26 0.15 0.17 3.57 

% precipitation : 16% 
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FIGURE 6.12 : Summary of the REE modelling of the Outer unit, of the Ardara 
pluton. At the top is the summary of start and target compositions, target model 
amount of mineral precipitate (%) and bulk Kd of the REE used in the modelling. 
(x) precipitation is the percentage precipitated to move the start composition 
to the target model. Below is the graphical presentation of the modelling. 



Start Target Target model Bulk Min Prop 
ARD2 ARD4 Kd 

granodiorite granodiorite 

La 15.37 15.17 13.89 4.33 PI 49.68 
Ce 34.8 32.3 31.55 4.22 Kf 18 
Nd 15 15.66 13.42 4.65 Bi 18.09 
Sm 3.36 3.17 3.02 4.52 Hbl 10 
Eu 0.69 0.75 0.63 3.95 Mag 0.5 
Gd 2.05 2.38 1.85 4.38 All 0.14 
Dy 1.69 1.53 1.53 4.19 Sp 1.9 
Er 1.14 0.8 1.03 4.26 Ap 0.5 
Yb 0.72 0.72 0.66 3.76 Zr 0.19 
Lu 0.1 0.1 0.09 3.21 

% precipitation: 3% 

100 

o Ard2 

50 • Ard4 
o Model 

<lJ ..... 
. -I-< 

"0 
C 
0 

...c: 
u 

.......... 10 
~ 
u 
0 
~ 5 

La Ce Pr Nd 8m Eu Gd Tb Oy Ho Er Tm Yb Lu 

FIGURE 6.13: Summary of the REE modelling of the intermediate unit, of 
the Ardara pluton. At the top is the summary of start and target compositions, 
target model, amount of mineral precipitate (%) and bulk Kd of the REE used 
in the modelling. % precipitation is the percentage precipitated to move the 
start composition to the target model.Below is the graphical presentation of 
the modelling. 



Start Target Target model Bulk Min Prop 
ARD13 ARD11 Kd 

granodiorite granite 

La 15.36 14.98 12.52 1.82 PI 62.51 
Ce 33.2 28.1 27.7 1.73 Kf 14.5 
Nd 14.6 10.8 11.88 1.83 Bi 19.5 
Sm 2.48 1.78 2.08 1.7 Hbl 1 
Eu 0.66 0.51 0.46 2.5 Mag 1.1 
Gd 1.8 1.48 1.42 1.96 All 0.05 
Dy 1.47 0.65 1.27 1.58 Sp 0.7 
Er 0.89 0.13 0.69 1.99 Ap 0.4 
Yb 0.61 0.4 0.44 2.28 Zr 0.24 
Lu 0.06 0.04 0.04 2.56 

% precipitation: 22% 

La Ce Pr Nd 8m Eu Gd Tb Dy Ho Er Tm Vb Lu 

FIGURE 6.14: Summary of the REE modelling of the inner unit of the Ardara 
pluton. At the top is the summary of start and target compositions, target modet 
amount of mineral precipitate (%) and bulk Kd of the REE used in the modelling 
% precipitation is the percentage precipitated to move the start composition to 
the target model. Below is the graphical presentation of the modelling. 
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5.21). 
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Major elements modelling 

PI Ksp Bi Hbl Ap Mag Sph % ppt 

Outer 52.5 9 20.5 14 0.5 1.5 2 22% 
Intermediate 50 15.5 19.5 11 0.5 1.5 2 36% 
Inner 62.4 14.5 19.5 1 0.4 1.5 1 24% 

REE modelling 

PI Ksp Bi Hbl Ap Mag Sph All Zr % ppt 

Outer 52.75 9.22 20.5 13 0.5 1.5 2.2 0.14 0.19 16% 
Intermediate 49.68 18 18.09 11 0.5 0.5 1.9 0.14 0.19 3% 
Inner 62.51 14.5 19.5 1 0.4 1 .1 0.7 0.05 0.24 22% 

Table 6.16: Summary results of major and RE element modelling of the Ardara 
pluton. 
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both units are related by a simple fractionation involving plagioclase. 

On a RblSr vs Si02 plot (see Fig 5.19a; section 5.2.3.2), RblSr ratios generally 

decrease from the outer to intermediate and inner units i.e it does not show the systematic 

increase that would be expected in a normally zoned pluton where zoning is related to a in 

situ fractional crystallisation inwards from the walls (e.g. Tindle and Pearce 1981 ; 

Tindle 1982). Thus modelling and RblSr data indicate that the units of Ardara granite 

are not related by a simple fractional crystallisation. This is supported by Harker trace 

element plots, where most of the data is scattered and does not show any trend, between 

units (see Fig 5.18). The style of zoning within the three units is also different, thus the 

outer unit is reversely zoned and the inner and intermediate units are normally zoned. 

Such difference in zoning style would have not occurred if each unit was related by 

simple in situ fractional crystallisation. 

The traverse profiles (Fig 5.21, 6.15 and 6.16) indicate that a gap occurs in the 

intermediate unit. The gap is also obvious in the Harker major and trace element plots 

(see Fig 5.16 and 5.18) and occurs at Si02 rocks between 65 % to 67%. It may be a true gap 

and not related to undersampling as Hall (1966d) analyses also indicate a similar gap. 

On a tetrahedral An-Ab-Or-Qz plot (Fig 6.17) the outer and intermediate unit 

magmas started to crystallise in the plagioclase volume whereas the inner unit magma 

crystallised lower, nearer to the alkali feldspar-plagioclase surface. This reflects the 

• higher An of plagioclase in the outer and intermediate units but the plots do not indicate 

a single coherent liquid lineage. 

6.6 FANAD PLUTON 

Major and trace elements geochemistry indicates that the Fanad pluton consists of 

three separate units or facies namely Rosguill quartz monzodiorite to granodiorite, 

Melmore quartz monzodiorite and Fanad peninsula quartz monzodiorite. The latter can be 

divided according to the Ba content into low Ba Fanad peninsula and high Ba Fanad 

peninsula (Map 5.1). Thus the Fanad granites will be modelled separately viz. (1) 

Rosguill, (b) Melmore, (c) Low Sa Fanad pe~insula and (d) high Ba Fanad peninsula. 
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6.6.1 LILE modelling 

Inter elements variation diagrams for the pairs Rb-Sr, Ba-Sr and Ba-Rb are 

shown in Fig 6.18. On a Sr vs Ba plot (Fig 6.18a) the Melmore, low Ba Fanad Peninsula 

and Rosguill rocks have a similar trend. The fractionation vectors indicate that the trend 

is strongly controlled by hornblende and plagioclase. A different trend is shown by the 

rocks from the high Ba Fanad peninsula and this trend is strongly controlled by 

plagioclase. On a Ba vs Rb plot (Fig 6.18b), rocks from the high and low Ba Fanad 

Peninsula have a similar trend which is strongly controlled by plagioclase. The trend 

from the Rosguill rocks is controlled by hornblende and plagioclase. On a Rb vs Sr plot 

(Fig 6.18c), a similar trend is shown by the rocks from Melmore, high and low Ba Fanad 

Peninsula which appear to be controlled by the crystallisation of the plagioclase and 

minor hornblende. On the other hand the minor trend of the Rosguill rocks is controlled by 

hornblende and minor biotite. In conclusion, the LILE modelling shows that the evolution 

of the Fanad granite is strongly controlled by hornblende and plagioclase. 

6.6.2 Major element modelling 

The results of major element modelling are shown in Tables 6.17 to 6.20. They are. 

(1) High Ba Fanad peninsula. This unit has been modelled from a sample with 
, 

58.4% Si02 to one with 61.93 % Si02. The target can be achieved by 34% fractionation 

and a mineral mix of plagioclase, biotite, alkali feldspar, hornblende, magnetite and 

sphene (Table 6.17) . 

(2) Low Ba Fanad peninsula This unit has been modelled from a sample with 57.3 % 

Si02 to one with 64.37 % Si02. The target can be achieved by 24 % fractionation and a 

mineral mix of plagioclase, biotite, alkali feldspar, hornblende, magnetite and sphene 

(Table 6.18). 

(3) Rosguill quartz' monzodiorite-iranodigrite. This unit has been modelled from a 

sample with 58.6 % Si02 to one with 62.04 % Si02. The target can be achieved by 29% 

fractionation and a mineral mix of plagioclase, biotite, alkali feldspar, hornblende, 
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apatite and sphene (Table 6.19). 

(4) Melmore qyartz monzodiorite. This unit has been modelled from a sample with 

55.44 % Si02 to one with 56.85 % Si02. The target can be achieved by 11% fractionation 

and a mineral mix of plagioclase, biotite, alkali feldspar, hornblende, apatite and 

magnetite Table 6.20. 

6.6.3 REE modelling 

The REE modelling of the Fanad granite is restricted to two units, namely low Ba 

Fanad peninsula and Rosguill. 

Low Ba Fanad peninsula. The Low Ba Fanad peninsula rocks have been modelled 

from a sample with 57.3% Si02 to one with 64.86% Si02 , cf major element modelling. 

The mineral mixes from the major element modelling plus 0.16 % allanite, 0.18% apatite 

. and 0.16% zircon at 11 % fractionation are required to produce the calculated REE 

profiles shown in Fig 6.19. 

Rosiuill .The Rosguill rocks have been modelled from a sample with 60.42% 

Si02 to one with 64.86% Si02. The mineral mixes from major element modelling plus 

0.09% allanite and 0.4% zircon at 27% fractionation are required to produce the 

calculated REE profiles shown in Fig 6.20. 

6.6.4 Discussion 

The summary of the major and REE element modelling of the Fanad pluton is 

given in Table 6.21. Major, LIL and RE elements modelling shows the importance of 

precipitation of plagioclase and hornblende in each unit of the Fanad granite. The high 

Ba Fanad peninsula requires the highest amount of plagioclase and hornblende 

precipitation compared to the other units. The low Ba Fanad peninsula modelling 

indicates low plagioclase and high alkali feldspar precipitation. The modelling results 

of the high and low Ba Fanad peninsula suggest that the former may represent a 

cumulate; this is supported by high positive Eu anomalies shown by the rocks from this 

unit (see section 5.3.4.3). The modelling results of the Fanad granite suggest that the 
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FIGURE 6.18: Inter element variation diagrams for LIL elements Ba, Rb and Sr 
of the Fanad granite. Mineral vectors indicate the net change in composition of 
the initial liquid after 20% Rayleigh fractionation of the named phase. 



:il 

Start composition Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rock type Q\J/ZO Q\J/ZO 

5102 58.4 61.93 61.96 0.12 
TI02 0.8 0.64 0.74 -0.17 
AI203 19.01 17.78 18.86 0.11 
Fe(tot) 5.55 4.23 4.32 0.7 
MgO 3.33 2.72 2.88 0.73 
cae 4.22 2.58 2.89 0.7 
Na20 4.55 4.25 4.65 -0.3 
K20 3.05 4.27 ·3.26 -1.28 
Total 98.91 98.4 99.56 

Mineral extract proportion 

Bi: 15 Hbl: 25 % precipitation: 34% 
PI: 52.8 Mag: 0.1 
Ksp: 7 Sph: 0.1 

TABLE 6.17 : Summary results obtained from the major element 
modelling of the rocks from high Ba Fanad peninsula, Fanad pluton. 
Mineral data from the Fanad peninsula rock (Appendix 4). QMZD : 
quartz monzodiorite, GDR : Granodiorite. 

Rock type 

8102 
TI02 
AI203 
Fe(tot) 
MgO 
CaQ. 
Na20 
K20 
Total 

Start composition Target composition 
(TC) 

QMZO QMZD 

57.3 64.37 
0.98 0.57 
17.49 15.23 
6.29 3.92 
3.38 3.49 
4.47 3.74 
3.95 4.09 

3 3.37 
96.86 98.78 

Mineral extract proportion 

Bi: 14.3 
PI: 43.5 
Ksp: 17 
Qu: 0.1 
Mag: 3 
Hbl : 21.1 
Sph: 1 

% precipitation : 45% 

Target model 
(TM) 

64.31 
0.45 
16.71 
3.36 
2.68 
3.02 
3.87 
1.87 

96.27 

Different 
(TM - TC) 

-0.06 
-0.12 
1.48 
-0.56 
-0.81 
-0.72 
-0.22 
-1.5 

TABLE 6.18 : Summary results obtained from the major element 
modelling of the rocks from low Ba Fanad peninsula, Fanad pluton. 
Mineral data from the Fanad peninsula rock (Appendix 4). QMZD 
Quartz monzodiorite. 



Start composition Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rock type ClM2D granodiorite 

Si02 58.61 62.04 62.16 0.03 
Ti02 0.91 0.67 0.6 0.1 
AI203 18.2 18.11 18 1.08 
Fe(tot) 5.63 4.24 4.94 0.09 
MgO 3.34 2.26 2.99 0.16 
CaO 4.75 3.21 3.91 0.31 
Na20 4.37 4.67 4.37 0.4 
K20 2.83 3.83 2.55 -1.01 
Total 98.64 99.03 99.52 

Mineral extract proportion 

8i: 18 Hbl: 19 
PI :49 Ap: 1 
Ksp: 9 Sph: 1 

% precipitation: 29% 

TABLE 6.19: Summary results obtained from the major element 
modelling of the quartz monzodiorite (QMZD) to granodiorite of 
Rosguill, Fanad pluton. Mineral data from the Rosguill rock 
(Appendix 4). ' 

Rock type 

Si02 
TI02 
AI203 
Fe(tot) 
MgO 
cae 
Na20 
K20 
Total 

Start composition Target composition 
(TC) 

ClM2D ClM2D 

55.44 56.85 
0.87 0.88 

20.09 19.17 
6.09 5.6 
3.23 3.04 
5.02 3.87 
4.82 4.45 
2.8 3.52 

98.36 97.38 

Minerai extract proportion 

PI: 51 
Bi : 16 
Hbl :23 
Ksp: 9.5 
Ap: 0.5 
Mag :0.8 

% precipitation : 11 % 

Target model 
(TM) 

56.77 
0.81 

20.48 
5.38 
2.9 

4.66 
4.99 
2.79 

98.78 

Different 
TM·Te 

·0.06 
-0.12 
1.48 
-0.56 
-0.81 
-0.72 
-0.22 
·1.5 

TABLE 6.20: Summary results obtained from the major element 
modelling of the rocks from Melmore, Fanad pluton. QMZD : Quartz 
monzodiorite. Mineral data from the Melmore rock (Appendix 4). 



Start Target Target model Bulk Min Prop 
FAN13 FAN10 kd 
QMZD QMZD 

La 41.68 26.56 31.6 4.87 PI 43.18 
Ce 89.8 58.9 68.31 4.62 Kf 16.92 
Nd 41 25.91 26.7 4.94 Bi 14.9 
Sm 6.36 4.05 4.06 4.88 Hb 20 
Eu 1.79 1.07 1.19 5.42 Mag 3 
Gd 4.35 2.98 2.68 4.24 All 0.16 
Dy 2.79 1.77 1.69 4.93 Sp 1.5 
Er 1.06 0.68 0.66 4.84 Ap 0.18 
Yb 1.07 0.75 0.75 4.07 Zr 0.16 
Lu 0.11 0.08 0.08 3.29 

% precipitation : 1 1 % 
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FIGURE 6.19: Summary of the REE modelling of the low Ba Fanad peninsula, 
:Fanad pluton. At the top is the summary of start and target compositions, 
target model, amount of mineral precipitate (%) and bulk Kd of the REE used 
in the modelling. % precipitation is the percentage precipitated to move the start 
composition to the target model.Below is the graphical presentation of the 
modelling. 



Start Target Target model Bulk 
FAN 23 FAN 29 kd 
QMZO Granodiorite 

La 76.07 50.6 49.96 4.87 
Ce 137 97.5 88.07 4.52 
Nd 49.1 29.9 29.38 4.94 
Sm 6.65 3.43 3.72 4.00 
Eu 2.1 1.21 1.34 5.42 
Gd 3.64 1.95 2.01 4.32 
Oy 2.38 0.95 1.02 4.93 
Er 1.83 0.52 0.59 4.71 
Yb 0.96 0.29 0.24 4.07 
Lu 0.13 0.05 0.04 3.6 

% precipitation : 27% 

La Ce Pr Nd Sm E u Gd Tb Oy Ho Er Tm Yb Lu 

Min Prop 

PI 48.01 
Kf 10.79 
Bi 18.1 
Hb 20 
Mag 0.5 
All 
Sp 
Ap 
Zr 

0.09 
0.6 
0.8 
0.4 

o FAN23 
• FAN29 
o Model 

FIGURE 6.20: Summary of the REE modelling of the rocks from the Rosguill 
of the Fanad pluton. At the top is the summary of start and target compositions, 
target model, amount of mineral precipitate (%) and bulk Kd of the REE used 
in the modelling. % precipitation is the percentage precipitated to move the 
start composition to the target model. Below is the graphical presentation of 
the modelling. 



Major element modelling 

PI Bi Ksp Hbl Mag Ap Sp % ppt 

High BaFanad 52.8 15 7 25 0.1 0 0.1 34% 
Low Ba Fanad 43.5 14.3 17 21.1 3 0 1 45% 
Rosguill 49 18 9 19 0 1 1 29% 
Melmore 51 16 9.5 23 0.8 0.5 0 11% 

REE modelling 

PI Bi Ksp Hbl Mag Ap Sp All Zr % ppt 

Low Ba Fanad 43.14 14.9 16.92 20 3 0.18 1.5 0.16 0.16 11% 
Rosguill 48.01 21 10.79 17 0.5 0.8 0.6 0.09 0.4 27% 

TABLE 6.21 : Summary of major element and REE modelling of the 
Fanad pluton. 
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different units of this granite (Melmore, Fanad peninsula and Rosguill) represent 

separate magma batches. 

Plots of samples representative of Rosguill, Melmore and Fanad peninsula on a 

tetrahedral An-Ab-Or-Qz plot are shown in Fig 6.21. All three units overlap. 

Precipitation starts in the high plagioclase volume and it would appear that extensive 

plagioclase crystallisation occurred. Hornblende and magnetite also crystallised at this 

stage. Further crystallisation moved the liquid towards the quartz liquid surface. 

6.7 MAIN DONEGAL PLUTON. 

The Main Donegal granite consists of two main lithologies namely dark bands 

(trondhjemite) and light bands (granodiorite-granite), which may have a different 

origin (chapter 5). The latter probably represent a continental trondhjemite that has 

tholeiitic to calc alkali affinities while the light bands magma which are similar to the 

other Donegal granite magmas (high-K calc alkali). Thus in this section, trondhjemite 

(dark bands) and granodiorite - granite (light bands) will be modelled separately. 

6.7.1 LlL modelling 

Inter elements variation diagrams for the pairs Rb-Sr, Ba-Sr and Ba-Rb are 

shown in Fig 6.22. On a Sr vs Ba plot (Fig 6.22a), the trondhjemite has lower Ba than the 

1 

granodiorite-granite. Both trondhjemite and granodiorite-granite evolved on a different 

path in this diagram and the fractionation vector indicates that trondhjemite evolution 

is strongly controlled by the plagioclase whereas the evolution of granodiorite to granite 

is controlled by some combination of alkali feldspar, plagioclase and biotite. On a Ba vs 

Rb plot (Fig 6.22b), both trondhjemite and granodiorite-granite show a similar trend. 

Both trends are controlled by plagioclase with hornblende. On a Rb vs Sr plot (Fig 6.22c), 

both trondhjemite and granodiorite-granite show a similar trend controlled by 

plagioclase and hornblende. 

In conclusion the LILE modelling shows that the plagioclase (+ hornblende) are 

the most important phases in the evolution of the trondhjemite whereas plagioclase, 
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biotite and perhaps alkali feldspar contoUed the trend shown by the granodiorite -

granite. 

6.7.2 Major element modelling 

The results of major element modelling are shown in Table 6.22 and 6.23 

respectively. The mineral mix of the major element modelling of the dark bands is 

plagioclase, alkali feldspar, biotite and quartz and the light bands is plagioclase, 

alkali feldspar, biotite, magnetite and quartz. The model target of the dark band can be 

achieved by 20% fractionation whereas the light band requires 47% fractionation. 

6.8.3 REE modelling 

The REE modelling of the Main Donegal granite has been modelled from the 

granodiorite to the granite of the light bands. The REE profiles of the observed start and 

target compositions used in the modelling, together with the calculated melt profile are 

shown in Fig 6.23. The mineral mix isthe same as in the major element modelling plus 

0.75% apatite, 0.12 allanite and 0.2% zircon and 47% precipitation is required to produce 

the calculated REE profiles. 

6.8.4 Discussion 

The results of the major and REE modelling of the Main Donegal granite are given 

in Table 6.24. The results of major elements modelling show that the amount of 

plagioclase (56%) is relatively low in the light band model compared to the dark band 

(77%). On the other hand the amount of alkali feldspar precipitation in the dark band 

model is low compared to the light band granodiorite-granite (1 to 24.9%). This is 

consistent with the modal composition of the dark band trondhjemite which has <1% 

alkali feldspar. Modal biotite and quartz are higher in the dark band trondhjemite. The 

major elements modelling supports the tILE modelling which shows that the plagioclase 

is the most important phase in the evolution of the dark band trondhjemite whereas 

plagioclase and alkali feldspar are important in controlling the evolution of the light 
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FIGURE 6.22: Inter element variation diagrams for LIL elements Ba, Rb and Sr 
of the Main Donegal granite. Mineral vectors indicate the net change in composition 
of the initial liquid after 20% Rayleigh fractionation of the named phase. 



Start composition Target composition Target model TM-TC 
(TC) (TM) 

Rock type granodiorite granite 

5102 67.76 74.65 74.23 -0.42 
Ti02 0.27 0.12 0.01 -0.11 
AI203 15.83 12.94 12.03 -0.91 
Fe(tot) 2.24 0.88 0.84 -0.04 
MgO 0.76 0.72 0.33 -0.39 
CaO 1.74 0.96 1.05 0.09 
Na20 4.5 3.43 3.89 0.46 
K20 4.05 5.12 2.72 ,-2.4 
Total 97.15 98.82 95.1 

Mineral extract proportion 

PI : 56 
Kf : 24.9 % precipitation: 47% 
Bi : 16 
Qu:3 
Mag: 0.1 

Table 6.22: Summary results obtained from the major element 
modelling of the light band of the Main Donegal granite. Mineral 
data from the granodiorite of the light band (Appendix 4). 

Rock type 

8102 
Ti02 
AI203 
F e(tot) 
MgO 
cae 
Na20 
K20 
Total 

Start composition Target composition 
DON25 (TC) 

trondhjemite trondhjemite 

68.99 71.24 
0.32 0.25 
15.83 14.93 
2.8 2.02 
1.32 1.19 
2.62 2.85 
5.64 5.58 
2.4 1.17 

99.92 99.23 

Mineral extract proportion 

PI: 77 
BI: 20 
Qu: 5 

Ksp: 1 

% precipitation : 20% 

Target model (TM - TC) 
(TM) 

71.19 -0.05 
0.26 0.01 
14.58 -0.35 
2.47 0.45 
1.29 0.1 
2.48 -0.37 
5.33 -0.25 
2.48 1.31 

100.08 

Table 6.23: Summary results obtained from the major element 
modelling of the dark band of the Main Donegal granite. Mineral 
data from the trondhjemite rock of the Main Donegal (Appendix 4). 



Start Target Target model Bulk Min Prop 
DON 1 DONS Kd 

granodiorite granite 

La 49.07 14.27 11.45 3.43 PI 55 
Ce 93.4 28.2 26.73 3.09 Kf 24.6 
Nd 28.2 10.3 11.84 2.45 Bi 16.21 
Sm 4.66 2.28 3.26 1.59 Zr 0.2 
Eu 
Gd 
Dy 
Er 
Yb 
Lu 

l 

1001 
--i 

1 

-I 
! 

0.78 
2.58 
1.84 
1.46 
0.84 
0.11 

0.34 0.37 
1.52 2.01 
1.5 2.04 

1.07 1.395 
0.69 0.65 
0.09 0.08 

% precipitation: 45% 

'J 
"
" 

2.24 
0.69 
0.83 
1.08 
1.43 
1.55 

All 0.12 
Qu 3 
Ap 0.75 
Mag 0.12 

o OONI 
.OONS 
o Model 

1 I I -..,--- I I I~ I I I 

La Ce Pr Nd Sm Eu Gel Tb Dy He Er Tm Yb Lu 

FIGURE 6.23: Summary of the REE modelling of the light band of the Main 
Donegal pluton. At the top is the summary of start and target compositions, 
target model, amount of mineral precipitate (%) and bulk Kd of the REE used in 
the modelling. % precipitation is the percentage precipitated to move the start 
composition to the target model.Below is the graphical presentation of the 
modelling. 



Major 'elements modelling 

Light band 
Dark band 

REE modelling 

Light band 

PI 

56 
77 

PI 

55 

Ksp 

24.9 
1 

Ksp 

Bi 

16 
20 

Bi 

24.6 16.21 

au 

3 
5 

au 

3 

Mag % ppt 

0.1 
o 

Ap 

47% 
20% 

Mag All Zr 

0.75 0.12 0.12 0.2 

% ppt 

45% 

TABLE 6.24: Summary results of major and RE element modelling of the Main 
Donegal granite. 
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~lain Donegal granite . Phase boundaries from Presnall and Bateman 
(1973). 



band rocks. 

On a tetrahedral An-Ab-Or-Qz plot (Fig 6.24) the dark band trondhjemite and 

the light band granodiorite-granite plot in different fields. The trondhjemite plots in the 

plagioclase volume nearer to the Ab apex and extends towards the plagioclase-quartz 

surface. The granodiorite-granite lies in the lower plagioclase volume, and presumably 

crystallised to eventually reach the plagioclase-alkali feldspar surface. Quartz is also 

involved in the final crystallisation. 

The results of the modelling of the Main Donegal granites confirm the difference 

between the light and the dark bands which likely originated from a different sources 

from that of the light band. 

6.S TRAWENAGH BAY PLUTON. 

The major and trace element geochemistry suggests that the biotite granite from 

the Trawenagh Bay and granodiorite and granite from Main Donegal plutons have a 

common origin, supporting Pitcher and Read's (1959) suggestion that the Trawenagh Bay 

biotite granite represents a magma displaced from Main Donegal (granodiorite and 

granite or light band) and which was intruded in the final stage of the emplacement of 

the Main Donegal granite. The Trawenagh Bay pluton consists of two main types of 

granite i.e. biotite granite and muscovite granite. The latter is more felsic and has 

\ 

crystallised as the final magmatic stage of the parental biotite granite magma. 

In this section the Trawenagh Bay granite will be modelled in two stages (1) the 

most basic rock from the light bands of the Main Donegal granite to the biotite granite of 

the Trawenagh Bay (to confirm or reject the Pitcher and Read model) and (2) the biotite 

granite to the muscovite granite. 

6.S.1 LILE Modelling 

Inter element variation diagrams for the pairs Rb-Sr, Ba-Sr and Ba-Rb for the 

Trawenagh Bay granite and the granodiorite-granite (light bands) of the Main Donegal 

granite are shown in Fig 6.25. The muscovite granite of the Trawenagh Bay has very low 
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Ba (below detection limit), thus no Ba data points for the granite are shown (Fig 6.25a & 

b). 

In general, in all three plots (Fig 6.23) both biotite granite and the rocks from the 

light bands plot in the same field which suggests that they have common a origin. On a 

Rb vs Sr plot (Fig 6.25c), the muscovite granite has lower Sr but slightly higher Rb 

compared to the biotite granite. On a Sr vs Ba plot (Fig 6.25a), the trend shown by the 

biotite granite and the rocks from the light bands of the Main Donegal granites is 

consistent with the removal of biotite and alkali feldspar with perhaps minor 

plagioclase whereas on a Ba vs Rb plot (Fig 6.25b), the trend can be produced by the 

removal of alkali feldspar and plagioclase. 

On a Rb vs Sr plot (Fig 6.25c) plot, The evolution of biotite granite to muscovite 

granite is strongly controlled by fractionation of plagioclase and alkali feldspar. This is 

supported by the major and REE modelling. The limited trend of the biotite granite and 

the rocks from the light bands of the Main Donegal granites is consistent with the 

removal of plagioclase. 

In conclusion, the LILE modelling of the Trawenagh Bay granite shows that the 

plagioclase, alkali feldspar and biotite are important phases in the evolution of the 

granite. 

6.8.2 Major element modelling 

In the first stage for modelling the granodiorite of the Main Donegal granite to 

the biotite granite of Trawenagh Bay, granodiorite (DONI) with Si02 = 67.76%, was 

selected from the light bands of the Main Donegal granite as a start composition for the 

modelling. This is the most basic rock of the light band and is more likely to represent 

the source composition: The target is the biotite granite sample (TRA 5) with Si02 = 
71.87%. The results are shown in Table 6.25. The target composition can be achieved by 

25% fractionation and the mineral mix is plagioclase, alkali feldspar, biotite and 

magnetite. 

The second stage involves modelling from the evolution of the Trawenagh Bay 

140 



biotite granite to muscovite granite. The results are shown in Table 6.26. The target 

composition can be achieved by 23% fractionation with a mineral mix of plagioclase, 

alkali feldspar, biotite, quartz and magnetite. 

6.8.3 REE modelling 

The same start and the target samples used in the major element modelling were 

also used in the REE modelling. The results for the modelling of granodiorite of the Main 

Donegal granite to the biotite granite of the Trawenagh Bay are shown in Fig 6.26. The 

mineral mix is plagioclase, alkali feldspar, biotite, zircon, allanite, apatite and 

magnetite. 

Results of the modelling of the biotite granite to the muscovite granite of the 

Trawenagh Bay are shown in the Fig 6.27. The mineral mixes are similar to the major 

element modelling plus 0.35% allanite, and 0.4% apatite with 48% fractionation. 

6.8.4 Discussion 

On all three LILE plots, the biotite granite of the Trawenagh Bay and the light 

band rocks from the Main Donegal granite plot ih the same field and with the trend 

which is controlled by the same mineral proportions of plagioclase, alkali feldspar and 

biotite. This may suggest that the granites are co-genetic. This is supported by the fact 
j 

that both granites plot in the same field in all major and trace element Harker diagrams 

(see section 5.2.6). A summary of the major and REE modelling of the Trawenagh Bay 

pluton and the light band of the Main Donegal granite are shown in Table 6.27. The 

results are consistent with the LILE modelling where plagioclase, alkali feldspar and 

biotite are mportant. 

The chemical data (section 5.2.6) indicates that the muscovite granite is highly 

evolved granite. Modelling indicates that the crystallisation of plagioclase and alkali 

feldspar (Fig 6.25cl plus apatite, allanite and zircon for the fractionation of the 

muscovite granite magma from th~ biotite granite. 

On a tetrahedral An-Ab-Or-Qz plot (Fig 6.21), biotite granite magma 
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FIGURE 6.25 : Inter element variation diagram for LIL elements Ba, Rb and Sf 
of the biotite and muscovite granites of the Trawenagh Bay pluton and the 
granodiorite-granite (light bands) of the Main Donegal granite. Mineral vector 
indicates the net chance in composition of the initial liquid after 20% Rayleigh 
fractionation of the named phase. 



Start composition Target composition .. Target model Different 
(TC) (TM) (TM-TC) 

Rock type Granodiorite granite 

SiC2 67.76 71.87 71.75 -0.12 
Ti02 0.27 0.18 0.16 -0.02 
AI203 1'5.83 14.37 13.9 -0.47 
Fe(tot) 2.24 1.48 1.6 0.12 
MgO 0.76 0.76 0.3 -0.46 
cae . 1.74 1.32 1.03 -0.29 
Na20 4.5 4.4 4.63 0.23 
K20 4.05 4.5 3.45 -1.05 
Total 97.15 98.88 96.82 

Minerai extract proportion 

PI: 52.9 
BI: 19 % precipitation : 25% 
Ksp: 28 
Mag: 0.1 

TABLE 6.25: Summary results obtained from the major element 
modelling of the granodiorite (light band) of the Main Donegal 
granite to the biotite granite of the Trawenagh Bay granite. 
Mineral data from the granodiorite of the Main Donegal granite. 
(Appendix 4). 

Start composition Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rock type granite granite 

SI02 71.78 75.46 75.42 -0.04 
Ti02 0.18 0.04 0.12 0.08 
AI203 14.37 13.35 12.23 -1.12 
Fe(tot) 1.48 0.29 0.9 0.61 
MgO 0.76 0.26 0.74 0.48 
cae 1.32 0.39 0.98 . 0.59 
Na20 4.4 5.44 4.11 -1.33 
K20 4.5 3.87 3.66 -0.12 
Total 98.79 99.1 98.16 

Mineral extract proportion 

PI : 51 
BI: 10 % precipitation : 23% 
Ksp: 37.4 
Qu: 0.8 
Mag: 0.8 

TABLE 6.26: Summary result obtained from the major element 
modelling of the biotite granite to muscovite granite of the 

. Trawenagh Bay pluton. Mineral data from the biotite granite 
Appendix 4) 



La 
Ce 
Nd 
Sm 
Eu 
Gd 
Dy 
Er 
Vb 
Lu 

Start Target Target model Bulk Min Prop 
DON1 TRA5 Kd 

granodiorite Bi granite 

49.07 22 20.19 4.98 PI 51.79 
93.4 47.86 43.29 4.45 Kf 28 
28.2 16.39 16.56 3.39 Bi 19 
4.66 2.78 3.67 2.08 Zr 0.3 
0.78 0.59 0.58 2.32 All 0.18 
2.58 1.78 2.72 0.78 Ap 0.66 
1.84 1.58 1.85 0.98 Mag 0.07 
1.46 0.78 1.33 1.42 
0.84 0.64 0.67 1.99 
0.11 0.09 0.08 2.21 

% precipitation: 20% 
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FIGURE 6.26: Summary of the REE modelling of the granodiorite (DONI) from 
the Main Donegal granite to the biotite granite (TRA 5) of the Trawenagh Bay 
granite. At the top is the summary of start and target compositions, target model, 
amount of mineral precipitate (%) and bulk Kd of the REE used in the modelling. 
% precipitation is the percentage precipitated to move the start composition to 
the targe t model. Below is the graphical presentation of the modelling. 



La 
Ce 
Nd 
Sm 
Eu 
Gd 
Oy 
Er 
Yb 
Lu 

100 

ilJ 
.~ 10 
I-; 

"'0 
C o ..c: 
u 

......... 
~ 
u 

Start 
TRA6 

granite 

20.76 
39.76 
14.79 
2.56 
0.55 
1.99 
1.48 
0.89 
0.87 
0.12 

Target Target model Bulk 
TRA3 Kd 

granite 

6.97 3.97 3.25 
11.6 12.65 2.56 
5.48 6.92 20.4 
2.86 2.3 1.15 
0.03 0.031 4.9 
2.74 2.7 0.82 
3.25 2.11 0.52 
1.3 1.47 0.32 

2.14 1.53 0.23 
0.24 0.21 0.21 

% precipitation : 48% 

o 
~ 1 -+----------------~~--------------------
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Min Prop 

PI 51.6 
Kf 37.5 
Bi 10.00 
All 0.35 
Ap 0.40 
Mag 0.50 

o TRA6 
• TRA3 
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FIGURE 6.27: Summary of the REE modelling of biotite granite to muscovite 
granite of the Trawenagh Bay pluton. At the top is the summary of start and 
target compositions, target model, amount mineral precipitate (%) and bulk Kd 
of the REE used in the modelling . % precipitation is the percentage precipitated 
to move the start composition to the target model. Below is the graphical 
presentation of the modelling. 



Major elements modelling 

Units PI Ksp 

Granodiorite to Bi granite 52.9 28 
Bi granite to Mu granite 51 37.4 

REE modelling 

Units PI Ksp 

Granodiorite to Bi granite 51.79 28 
Bi granite to Mu granite 51 .6 37.5 

Bi 

19 
10 

BI 

19 
10 

Qu 

o 
0.8 

au 

o 
o 

Mag % ppt 

0.1 25% 
0.8 23% 

Ap Mag All Zr 

0.66 0.07 0.18 0.3 
0.4 0.5 0.35 0 

TABLE 6.27: Summary results of major and RE element modelling of the 
Trawenagh Bay granite. Granodiorite samples are from the light band of 
the Main Donegal granite. 

% ppt 

20% 
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precipitation started in the lower plagioclase volume, and later reached the 

plagioclase-alkali feldspar surface. Final crystallisation also involved quartz. 

Precipitation of muscovite granite took place near/at the cotectic where plagioclase, 

quartz and alkali feldspar crystallised simultaneously. 

6.9 BARNES MORE PLUTON 

The Barnesmore granites generally define a single linear trend on a bivariate plot 

(major and trace elements; see section 5.2.7) supporting the suggestion that the 

Bamesmore granites are comagmatic and that the magmas have undergone fractionation. 

Dempsey (1987) suggested that fractional crystallisation of a granodioritic magma (Gl 

type) was the dominant process in the production of the geochemical variation in the 

Bamesmore complex. In this section the units of the Bamesmore granite will be modelled 

separately. 

6.9.1 LILE modelling 

Inter elements variation diagrams for the pairs Rb-Sr, Ba-Sr and Ba-Rb are 

shown in Fig 6.29. All three plots of Barnesmore granite show a clear evolution trend 

from G1 to G2 to G3. On a Sr vs Ba plot (Fig 6.29a), the Barnesmore rocks show a good 

trend of decreasing Ba and Sr which is strongly controlled by alkali feldspar, perhaps 

with minor biotite and plagioclase. On a Ba vs Rb plot (Fig 6.29b), Ba decreases from 763 

ppm in G1 to 6 ppm in G3 over Rb range of 159 to 416 ppm. The trend for all units is 

controlled by fractionation of biotite and alkali feldspar. On a Rb vs Sr plot (Fig 6.29c), 

Rb slightly increases and Sr decreases from G1 to G3. The trends for all units are 

compatible with liquid evolution by extraction of plagioclase and alkali feldspar. In 

conclusion, the LILE modelling shows that plagioclase, alkali feldspar and biotite are 

important in determining the overall trend of the units of the Bamesmore granite. 

6.9.2 Major element modelling 

The three main units of the pluton have been modelled separately namely : (1) 
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Gl, (2) G2 and (3) G3. The results are shown in Tables 6.28 to 6.30. All analyses for the 

modelling (whole rock and mineral compositions) are taken from Dempsey (1987). The . 

results are : 

(1) Gl has been modelled from a sample containing 71.79 Si02 to one with 75.79 % 

Si02. The target composition can be achieved by 20 % fractionation with a mineral mix of 

. 
plagioclase, alkali feldspar, biotite, quartz, and magnetite (Table 6.28). 

(2) G2 has been modelled from G2 basic facies (72.23 % Si02) to G2 porphyritic facies 

(76.49 % Si02). The target composition can be achieved by 23 % fractionation with a 

mineral mix of plagioclase, alkali feldspar, biotite, quartz, and magnetite (Table 6.29). 

(3) G3 has been modelled from the most basic (75 % Si02) to the most felsic (76.8 % 

Si02) sample in the unit. The target composition can be achieved by 9 % fractionation 

with a mineral mix of plagioclase, alkali feldspar, biotite, quartz, and magnetite (Table 

6.30). 

6.9.3 REE modelling 

The REE of the Bamesmore granite has been modelled for two units i.e (1) G2 and 

(2) G3. All REE analyses are taken from Dempsey (1987). For the evolution of G2 the 

mineral mixes are similar to the major element modelling plus 1.23% apatite, 0.14% 

allanite and 0.13% zircon and 36% fractionation is required to produce the calculated REE 

profiles shown in Fig 6.30. For the evolution of G3, mineral mixes are similar to the major 

element modelling plus 0.2% apatite, 0.12 allanite and 0.13% zircon and 24% 

fractionation is required to produce the calculated REE profiles as shown in Fig 6.31. 

6.9.4 Discussion. 

A summary of the major and REE modelling is given in Table 6.31. In the major 

element modelling, a clear decrease in biotite and increases in alkali feldspar and quartz 

precipitated from Gl to G2 to G3 suggest that they are comagmatic and have undergone 

fractionation. The good correlation and sequential variation in the LILE plots supports 

the fact that the Bamesmore rocks are comagmatic. 
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On a tetrahedral An-Ab-Or-Qz plot (Fig 6.32), precipitation of the Barnesmore 

magma started in the lower plagioclase volume, and later reached the plagioclase

alkali feldspar surface. Final crystallisation also involved quartz, probably on the 

cotectic. 
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FIGURE 6.29: Inter element variation diagrams for LIL elements Ba, Rb and Sr 
of the Barnesmore granite. Mineral vectors indicates the net change in composition 
of the initial liquid after 20% Rayleigh fractionation of the named phase. 



Rock type 

Si02 
Ti02 
AI203 
Fe(tot) 
MgO 
CaO 
Na20 
K20 
Total 

Start composition Target composition 
(TC) 

Granite Granite 

71.79 75.79 
0.28 0.16 
14.59 13.44 

1.8 0.88 
0.83 0.5 
1.27 0.33 
4.05 4.4 
4.52 4.05 

99.13 99.55 

Mineral extract proportion 

PI :40 
Bi : 20 
Qu: 10 
Mag: 1 
Ksp: 29 

% precipitation : 20 % 

Target model 
(TM) 

75.25 
0.16 
13.59 
1.05 
0.56 
1.06 
4.36 
3.92 
99.95 

Different 
(TM-Te) 

-0.54 
0 

0.15 
0.17 
0.06 
0.73 
-0.04 
-0.13 

TABLE 6.28: Summary results obtained from the major element 
modelling of the GI, Barnesmore pluton.Whole rock and mineral data 
are taken from Dempsey (1987). 

Rock type 

Si02 
Ti02 
AI203 
Fe(tot) 
MgO 
CaO 
Na20 
K20 
Total 

Start' composition Target composition 
(TC) 

Granite Granite 

72.23 76.49 
0.27 0.12 
14.75 13.13 
1.85 0.87 
0.59 0.2 
1.08 0.52 
4.16 4.06 
4.45 4.83 

99.38 100.22 

Mineral extract proportion 

PI: 53.1 
Bi: 15 
Qu: 10 
Mag: 0.9 
Ksp: 21 

% precipitation : 23 % 

Target model 
(TM) 

76.35 
0.18 
13.25 
1.25 
0.34 
0.57 
4.32 
4.17 

100.43 

Different 
(TM-TC) 

-0.14 
0.06 
0.12 
0.38 
0.14 
0.05 
0.26 
-0.66 

TABLE 6.29 : Summary results obtained from the major element 
modelling of the G2, Barnesmore pluton. Whole rock and mineral 
analyses are taken from Dempsey (1987). 



Start composition Target composition Target model Different 
(TC) (TM) (TM-TC) 

Rock type granite granite 

Si02 75 76.78 76.74 -0.04· 
Ti02 0.07 0.04 0.04 0 
AI203 14.17 13.38 13.5 0.12 
Fe(tot) 0.57 0.59 0.37 -0.22 
MgO 0.11 0.13 0.04 0.09 
cae 0.56 0.37 0.34 -0.03 
Na20 4.42 4.48 4.49 0.01 
K20 4.98 4.51 4.82 0.31 
Total 99.88 100.28 100.34 

Mineral extract proportion 

PI: 53.1 
8i:9 % precipitation : 9% 
Qu:7 
Mag: 0.7 
Ksp : 32.2 

TABLE 6.30 : Summary results obtained from the major element 
modelling of the G3, Barnesmore pluton. Whole rock and mineral 
are taken from Dempsey (1987). 



Start Target Target model Bulk 
G2/52 G2/90 Kd 
granite granite 

La 15.4 11.48 13.15 2.37 
Ce 26 21.43 24.13 2.2 
Nd 10.7 5.53 6.13 2.64 
Sm 2 1.03 1.11 2.46 
Eu 0.36 0.21 0.21 2.83 
Gd 1.7 0.9 0.86 2.58 
Dy 1.43 0.86 0.95 1.96 
Er 0.92 0.56 0.67 1.75 
Yb 1.32 0.99 1.04 1.61 
Lu 0.22 0.19 0.2 1.58 

% precipitation : 36% 

100 

50 

5 

-- - -I - --, -- -I - - 1- - -1 I I I I I 

La Ce Pr Nd 8m Eu Gd Tb Oy Ho Er Tm Yb Lu 

Min Prop 

PI 42 
Ksp 30.1 
Bi 17 
Qu 10 
Mag 1.5 
Ap 1.23 
All 0.14 
Zr 0.13 

G2/52 

• G2/90 
Model 

FIGURE 6.30: Summary of the REE modelling of G2 of the Bamesmore 
pluton. At the top is the summary of start and target compositions, target model, 
amount of mineral precipitate (%) and bulk Kd of the REE used in the modelling. 
% precipitation is the percentage precipitated to move the start composition to 
the target model.Below is the graphical presentation of the modelling. 



Start Target Target model Bulk 
G3/Z15 G3/186 Kd 
granite granite 

La 7.50 6.57 8.66 1.65 
Ce 11.53 11.76 10.39 1.43 
Nd 3.50 3.08 3.4 1.49 
Sm 0.68 . 0.59 0.64 1.25 
Eu 0.07 0.06 0.072 2.53 
Gd 0.55 0.53 0.56 1.49 
Oy 0.69 0.57 0.62 1.004 
Er 0.41 0.47 0.404 1.05 
Yb 0.90 1.24 0.85 1.156 
Lu 0.20 0.26 0.161 1.21 

% precipitation: 24% 

La Ce Pr Nd Sm Eu Gel Tb Oy Ho Er Tm Vb Lu 

Min Prop 

PI 45 
Ksp 32 
Bi 11.23 
Qu 12 
Mag 0.2 
Ap 1.03 
All 0.12 
Zr 0.13 

\ G3/215 
• G3/186 
I' Model 

FIGURE 6.31: Summary of the I~EE modelling of G3 of the Barnesmore pluton 
At the top is the summary of start and target compositions, target model, amount 
of mineral precipitate (%) and bulk Kd of the REE used in the modelling. % 
precipitation is the percentage precipitated to move the start composition to 
the target model. Below is the graphical presentation of the modelling. 



Major element modelling 

PI Ksp Bi au 

G1 43 29 20 7 

G2 42 30 15 12 

G3 45.1 32.2 9 13 

REE modelling 

PI Ksp Bi au 

G2 
G3 

42 30.1 17 10 
45 32 11.23 12 

Mag % ppt 

1 20% 

0.9 23% 

0.7 9% 

Mag Ap All Zr % ppt 

1.5 1.23 0.14 0.13 36% 
0.2 1.03 0.12 0.13 24% 

TABLE 6.31: Summary results of major and RE element modelling of the 
Barnesmore pluton. 
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CHAPTER SEVEN 

AGE AND TECTONIC SETTING OF THE DONEGAL GRANITES. 

7.1 INTRODUCTION. 

During the Caledonian orogeny, the British Isles was intruded by abundant 

granitic bodies. These are known as Caledonian granites and include those studied here. 

Several models have been suggested to explain the tectonic setting of the Caledonian 

granites, these include subduction (Thirwall 1981) , post-collision uplift (Pitcher 1983) 

and strike slip faulting (Leake 1990). The main aim of this chapter is to discuss the 

tectonic setting of the Donegal granites. However because the Donegal granites are part 

of the Caledonian granites, any suggestion on the tectonic setting of the latter must be 

taken into account when studying the Donegal granites. This chapter will also discuss the 

isotopic age of the Donegal granites. 

7.2 AN OUTLINE OF CALEDONIAN OROGENY 

Major Paleozoic orogenies are recorded along both coasts of the North Atlantic. 

Among them, the Caledonian orogeny (Upper Silurian to Lower Devonian) is widespread 

in the British Isles, Scandinavia and eastern Greenland. 

During the Early Ordovician, a major early Paleozoic ocean, Iapetus was 

bordered by the Baltica and Laurentia continents (Map 7.1). During this time, the British 

Isles was divided into two parts. The southern part together with the adjacent part of 

continental Europe formed the eastern Avalonia microcontinent whereas the northern 

part was associated with the Laurentia craton (Map 7.1). The Iapetus ocean eventually 

closed in Ordovician and early Silurian times and the position of the Iapetus suture can be 

traced along the Solway line (Map 7.2). Collision occurred between two continental 

masses, Laurentia and Baltica on one hand and a microcontinent, A valonia on the ?ther 

hand (Map 7.1). By considering the published data from Britain, Greenland, Scandinavia 

and Newfoundland, Soper et al.(1992) showed that western and eastern Avalonia and 

Baltica docked Sinistrally against Laurentia in Silurian times. 

The evidence of the closure of Iapetus ocean is given by McKerrow and Soper (1989) , , 
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viz 

(1) The presence of distinct Ordovician faunas on either side of the orogen. 

(2) The occurrence of early Paleozoic ophiolitic rocks at Ballantrae, southwest Scotland 

(Stone 1984) and Tyrone, Ireland (Hutton et al. 1985). 

A chart summarizing the chronology of Late Caledonian events including the 

formation of the Iapetus suture in the British Isles is shown in Figure 7.1 (after Watson 

1984). 

7.3 AGE OF THE DONEGAL GRANITES 

The work on the geochronology of the Donegal granites began when Brown (1968) 

reported K-Ar mineral ages for mica and hornblende separates from Thorr, Ardara, 

Rosses and Main Donegal granites in the range 365 ± 8 Myr to 412 ± 8 Myr. These dates 

indicate that the granites belong to the 'Younger' granites of Read (1961). Leggo et 

a1.(1969) published the first whole rock Rb-Sr isochron on rocks from Thorr, Main 

Donegal, Trawenagh Bay and Rosses plutons. A single isochron was drawn through the 

granite data set which defined an age of 470 ± 1 Myr, suggesting that Donegal granites 

are intermediate between the 'Older' and 'Younger' granites of Read (1961). 

In contrast to Leggo et aI. (1969), Long (1978) reported a reconnaissance Rb-Sr date 

on the Donegal batholith of 405. ± 7 Myr. This result was supported by the work of Fitch 

and Miller (1980) who published an 40Ar - 39Ar muscovite age from the Main Donegal 

granite of 400 ± 2 Myr. Subsequently Halliday et al. (1980) presented individual Rb-Sr 

isochrons for Ardara, Rosses, Trawenagh Bay and Mai.n Donegal granites (405 ± 5 ,404 ± 3, 

405 ± 3 and 388 ± 3 respectively). The later works of Long (1978), Fitch and Miller (1980), 

Halliday et al. (1980) showed that the Donegal granites are related to the 'Younger' 

granites of Read (1961), and that the previous date determined by Leggo et a!. (1969) was 

in error. 

The work of O'Connor et al.(1982) using the Rb-Sr method suggested that the 

Thorr granite was emplaced around 418 ± 26 Myr and the Main Donegal granite has an 

emplacement age of 407 ± 23 Myr. More recent work by O'Connor et a1. (1987) suggests t hat 

146 



EARLY DEVONIAN 

/ 

---- - - - -'" 

MAP 7.1: Geotectonic model for the early devonian, after collision' 
between Baltica and Laurentia with Cadomian terranes (after Soper and 

Hutton 1984 ; Soper 1987). 
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MAP 7.2 : Outcrops of Lower Paleozoic volcanic and related rocks in the 
British Isles and some of the major lineaments. Note the location of the 
Iapetus suture (Solway line) (after Moseley 1982). 
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FIGURE 7.1 : Chart summarizing the chronology of the late Caledonian 
events (after Watson 1984). 



the Barnesmore granite was emplaced around 397 ± 7 Myr and Fanad around 402 ± 10 Myr. 

Dempsey (1987) gives slightly an older age for Barnesmore (417 ± 6 Myr) compared to 

that of O'Connor et a1. (1987). The various isotopic ages from the Donegal granites are 

summarised in Table 7.1. 

The isotopic ages from the Donegal granites indicate that they are part of the 

Caledonian granites, emplaced in a relatively short time span between 392 to 418 Ma and 

can be classified as 'Newer' granites according to Read's classification. Moreover, the 

results do not show a real difference in intrusion age as shown by the field relations of the 

granites (see Chapter 2). Pankhurst and Sutherland (1982) suggested that long cooling, 

reheating and contamination processes a.re factors which may have complicated the' 

radiometric dating of the Donegal granites. However, Oglethorpe (1987) has shown that 

factors such as contamination did not play an important role in granite petrogenesis in 

Donegal. On the other hand, Atherton and Boyle (1994) concluded the tight age grouping 

with no real difference in age was probably because the granites were formed at more or 

less at the same depth and there was no time for differential uplift. 

7.4 OCCURRENCE OF THE CALEDONIAN GRANITES 

The distribution of the Caledonian granites in the British Isles is shown in Map 

7.3. In Ireland, the Caledonian granites occur north and south of the Iapetus suture. 

Pankhurst and Sutherland (1982) have divided the granites into 2 groups according to 

whether they occur in the metamorphic or non-metamorphic belt (Map 7.4). The first 

group occurs in the Dalradian metamorphic belt. These are comparable to those in the 

Scottish Highlands and include Donegal, Mayo and Galway granites. The second group , 

occurs in the non-metamorphic belt and includes the Newry, Tyrone and Leinster granites. 

In Scotland, the Caledonian granites occur widely in the Grampian Highlands, 

north of the Highland Boundary Fault (Map 7.5). Here, the granites can be divided into 

three groups. 

(1) The granites from the NE Highlands: These include Cairngorm, Monadliath, Ben 

Rinnes, Peterhead and Ardclach plutons. They a~e mainly peraluminous, dominated by a 
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INTRUSIONS LOCATION METHOD AGE 

Donegal Complex Thorr,Main Granite, Rb - Sr (WR) 487 ± 5 

Donegal Complex 

Thorr 

Thorr 

Thorr 

Ardara 

Ardara 

Ar dara 

Ross e s 
Rosses 
Rosses 

Rosses 

Main Donegal 

Main Donegal 

Main Donegal 

Main Donegal 

Main Donegal 

Main Donegal 

Main Donegal 

Trawenagh Bay 

Fanad 
Fanad 

Barnesmore 
Barnesmore 
Barnesmore 

List of Source : 

Trawenagh Bay & Rosses 

65 0 yds E of Gweebarra 
Bridge 
Owe nator river , nea r 
Lough Agher 
Torialite,aplite , granite 

Ardara-Clooney road 
(Hornfels at contact) 
Outer monzodiorit e , 
Cl oon e y 

Greisen,Sheskinarone 
Greisen,Lough Nabrack 
Garnetiferou s MG, 
south of Dungloe 
G3, G4 & aplite 

Pelitic raft,Barnesbeg 
gap . 
Mica hornfels , N of 
Losset. 
Granite,l mile SSE of 
New Bridge 
Pegmatitic granite,NE 
of Sand Lough 
Pegmatitic granite,NE 
of Sand Lough 

Light main granite, 
dark main granite & 
aplite. 

Aplite phase 

G1,G2,G3 & aplite 
G1 , G2,G2 porphyritic 
& G3 

Rb - Sr (WR) 

K-Ar (Mu) 

K- Ar (Bi) 
K- Ar (RbI) 
Rb -Sr (WR) 

K-Ar (Bi) 

K-Ar (Bi) 
K- Ar (Hbl ) 
Rb -S r (WR ) 

K- Ar (Mu) 
K-Ar (Mu) 
K-Ar (Mu) 

Rb - Sr (WR) 

K-Ar (Bi) 
K-Ar (Mu) 
K-Ar (Mu) 

K- Ar (Mu) 

K- Ar (Mu) 

405 ± 7 

391 ± 8 

390 ± 7 
392 ± 8 
418 ± 8 

414 ± 8 

394 ± 8 
392 ± 7 
405 ± 5 

404 ± 8 
384 ± 8 
382 ± 6 

404 ± 3 

357 ± 8 
382 ± 8 
384 ± 7 

378 ± 7 

372 ± 6 

Rb-Sr(WR,Bi, 388 ± 3 
Mu,Ksp,Plg, 
Apa) 
Rb -S r (WR) 407 ± 23 

Rb - Sr (WR) 405 ± 3 

Rb-Sr (WR) 
Rb-Sr (WR) 

Rb-Sr (WR) 
Rb - Sr (WR) 
Rb - Sr (WR) 

403 t 10 
402 t 10 

394 t 8 
397 t 7 
412 ± 6 

1. R.S. J.Lambert ( i n Pitcher and Berger 1972 , p91) 
2. Brown et al. (1968) 
3. Leggo et al. (1969) 
4 . Long (1978) 
5. Halliday et al. (1980) 
6 . Fitch and Miller (1980) 
7. O'Connor et al. (1982) 
8. O'Connor et al. (1985) 
9. O'Connor et al. (1987) 
10.Dempse y (1987) 

WR - Whol e Rock 
Mu - Muscovite 
Bi - Biotite 
Ksp - K- Feldspar 
PIg - Plagioclase 
Apa - Apatite 
MG - Microgranite 

SOURCE 

6 

3 

4 

1 

2 
2 
7 

1 

2 
2 
5 

1 
2 
2 

5 

1 
1 
1 

2 

2 

5 

7 

5 

8 
9 

8 
9 
10 

TABLE 7.1: Table showing the geochronological work that has been 
done on the Donegal granites. 



pink biotite granite facies' rarely associated with appinitic bodies and have tendency to 

'A' type characteristics (Harrison and Hutchison 1987; Stephen and Halliday 1984). 

(2) The granites from SW Highlands region consist of Etive, Strath Ossian, 

Ballachulish, Glen Coe, Ben Nevis, Rannoch Moor and Kilmelford. These are mainly 

made up of granodioritic to dioritic rocks. 

(3) The granites from S Highlands and the Midland Valley: these include the plutons of 

Garabal Hill, Arrochar and Distinkhorn. 

Caledonian granites of Scotland also occur in the Lower Paleozoic rocks of the 

Southern Uplands. They include Loch Doon, Mull of Galloway, Cairnsmore of Fleet and 

Criffell plutons. Most of the plutons here tend to be concentrically zoned from diorite at 

the margin to granite at the centre. 

7.4.1 Division of the Caledonian granites 

Several authors have attempted to subdivide the Caledonian granites (Stephens 

and Haliday 1984 ; Brown et al. 1981). Stephens and Halliday (1984) divided the late 

Caledonian granites of Scotland into 3 suites, each of which has distinctive chemical 

characteristics. They are the Cairngorm, Argyll and south of Scotland suites. The 

essential characteristics of these suites are given in Table 7.2. 

(1) The Cairngorm suite lies in the eastern Grampian region and has been divided by 

Harrison and Hutchison (1987) into an early group which includes the Monadliath, 

Lochnagar, Hill of Fare and Kincardine plutons. This group is often associated with 

relatively abundant diorites. A slightly later group not associated with diorites includes 

Ben Rinnes, Moy, Cairngorm and Bennachie. This suite is characterised by highly silicic 

metaluminous compositions and has high Nb, Rb, Th and low Ba and Sr contents. 

(2) The Argyll suite is typically represented by granodiorite and diorite. An 

appinite suite is well developed in this region (SW Highlands), principally occurring as 

small satellite pipes (Wright and Bowes 1979). The granitic plutons in this suite include 

Etive, Ballachulish, Garabal Hill,Ben Nevis and Glen Coe. This suite is calc alkalic 
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Cairngorm suite Argyll suite S of Scotland suitt 

Rock types Mai nly red bio tite granites : Common grandio rites and Commonlv dio rites and 
inte rmed ia te types ra re: diorites: appinites abun- granodio rites : 
fewappinites dam: ho rnblende cha rac- pyroxene typical o f 

te ri sti c of dio rites diorites: appinites in 
the N onl\' . 

Major ox ides Highly silicic me ta luminous Calc-alk alic high Na~O com- Calc-alka lic-
compositions positions 

T race-e lements High Nh . Rb and Th : Very high Sr and Sa: Low La. Ce o Sa. Sr 
low Sa . Sr low Nb. Th . Rb 

Age (Ma ) 408-4 15 41G-t15 390--408 
£Sr +24-+~~ - 7- +58 + 1-+54 
fN d - 8- - \ - 10-+3 -4-+ 1 
b I~O 8·2-]1 · \ 7·2-10·7 7·9-10·4 

TABLE 7.2: Characteristics of late granitic suites of Scotland (after 
Stephens and Halliday 1984) 



with high Na20 and very high Sr, Ba and low Nb,Th and Rb contents. 

(3) The south of Scotland suite consists of several plutons ranging from diorite to 

granite in composition, usually zoned in a concentric manner. The main plutons of this 

suite are Loch Doon, Criffell and Mull of Galloway. This suite is characterised by calc 

alkalic affinity and low La,Ce,Ba and Sr contents. 

Brown et al.(1981) divided the Caledonian granites of the British Isles into 

three groups based on the ages of the granites and their tectonic setting. 

1. A pre-tectonic group mainly dioritic plutons with associated migmatites and 

with isotopic ages exceeding 460Ma. 

2. A post-tectonic, mainly forcefully emplaced group of zoned granodiorites with 

ages ranging from 410 to 460 Ma (pre-mid Silurian). 

3. A post-tectonic , mainly discordant groups of granites and granodiorites with 

ages ranging from 390 to 410 Ma. 

They also showed that the first two groups have many features in common. These 

include lack of prominent gravity anomalies, probably indicating small volumes of 

magma i generally low LIL trace elements abundances which are reminiscent of average 

crustals rocks in the region and variable isotopic characteristics which nevertheless, 

generally include some evidence of a partly crustal derivation. 

In terms of rock type and major and trace elements, the Donegal granites are 

comparable to the Argyll suite of Stephens and Halliday (1984). Thus 

(1) The most common rock type in Donegal is granodiorite with diorite and granite 

occurring in lesser amount. Appinite is mainly associated with Ardara pluton and. 

hornblende is characteristic of the dioritic rocks. 

(2) Major oxides show that the Donegal granites are calc-alkali with high Na20 (3.9 -

6.2%). The Argyll suite is also characterised by being calc alkalic with high Na20. 

(3) The Donegal granites have high Sr and very high Ba (up to 4500 ppm). Fig 7.2(a) 

shows that the Donegal granites have the widest range of Sa content, greater than the 
T 
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three late granites suites of Scotland. The highest Ba is from Fanad pluton which is 

higher than Argyll suite rocks. Fig 7.2(b) shows that the Sr content of the Donegal 

granites is comparable to Argyll suite whereas Cairngorm and South of Scotland suites 

have much lower Sr contents. Fig 7.2(c) shows that the Donegal granites have higher Rb 

compared to the Argyll and S of Scotland suite. The concentration of Rb in Donegal 

granites is very similar to that in the Cairngorm suite. 

(4) Epsilon Nd of Donegal granites ranges from -8.3 to -1.2 Although the range is similar 

to the Cairngorm suite (-8 to -1) it still lies within the range of the Argyll suite (-10 to 

+3). 

In terms of the Brown et a1. (1981) classification of Caledonian granites, the 

Donegal granites fall into group three i.e. post tectonic with ages ranging from 390 -

410Ma. 

7.5 TECTONIC SETTING 

In this section the three models describing the tectonic setting of the Caledonian 

granites will be summarised and a tentative alternative model will be provided. The 

three models are (a) subduction related (ThirlwaU 1981) (b) adiabatic decompression 

during rapid post orogenic uplift (Pitcher 1983,1993) (c) strike slip faulting accompanied 

by uplift (Leake 1990). In addition to these models, a mantle plume model has been 

proposed by Hill et a!. (1990). 

7.5.1 Caledonian granites and subduction related models 

The Iapetus ocean was believed to have closed by the subduction of OCean crust 

(e.g Phillips et a1.1976) during the Caledonian Orogeny. Several models have been 

proposed to explain the occurrence of the Caledonian granites of the British Isles in 

relation to Iapetus subduction. One is a two plate model (e.g.Phillips et a1.1976 ; 

Thirlwall 1981) and the other a three plate model (Soper 1986). 

The two plate model assumes the convergence of two continental plates i.e. 

Eastern Avalonia (which later formed southern Britain and the eastern part of Europe) 
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and Laurentia plate (e.g.Thirlwall 1981) (Map 7.6) in Ordovician or mid-Silurian times 

(Watson 1984). The Caledonian granites and associated volcanic rocks are thought to be 

related to this subduction. Thirlwall (1983) showed that the volcanism in the Scottish 

Highlands and Midland Valley occurred close to 410 Ma. The recognition of tholeiitic, 

calc alkaline and alkaline volcanics together with ophiolitic rocks near Girvan and 

along the Highland Border is interpreted as evidence for the existence of a volcanic arc 

related to the subducted margin. 

The alternative three plate model (Soper and Hutton 1984 i Soper 1986) involves 

Laurentia, Baltica and Armorica plates (Map 7.1). According to this model, Laurentia 

and Baltica converged during Ordovician time so by late Silurian time, Laurentia and 

Baltica were sutured together to form part of the Laurentian supercontinent. This part 

later formed the northern part of the British Isles. Subsequently the Eastern Avalonia 

which formed southern Britain, was accreted on to the southern margin of Laurasia in the 

Devonian. This model involves three late Caledonian magmatic arcs. 

(1) Laurentia - Baltica convergence with westward subduction beneath the Scottish sector 

of the Laurentian margin in the Ordovician and Early Silurian, which generated the 

early members of the late Caledonian granite suite in the Highlands. 

(2) Northward Silurian to Early Devonian subduction at the Solway line which produced 

the younger late Caledonian granites and volcanic rocks north of the Highland Border. 

(3) Northward accretion of the Armorica terrane in the Early Devonian which produced 

intrusive and extrusive magmatism in southern Ireland and the English Midlands. 

However the two models above raise some interpretative problems when 

compared to the other known subduction related granites batholiths e.g. Peninsular Range 

(Silver and Chappell 1988). Among the problems are : 

(1) The distance between the trench and arc in modern examples is normally greater 

than 90 km and is often 150 km or more. The approximate distance of the Scottish 

Highland granite plutons from the Iapetus suture is about 150 to 200 km whereas the 

granite plutons from Southern Uplands are less than 50 km. Thus the two plate model 

may explain the occurrence of the granites in the Scottish Highland but not those in the 
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Southern Uplands. The same difficulty is seen in Ireland where the distance of the 

Galway and Newry plutons is less than 50 km from the Iapetus suture. 

(2) Brown (1991) has pointed out that the plutons also fail to show the progressive 

space-time changes in chemistry which are characteristic of magmatism at a plate 

margin. Marked isotopic, age and trace elements vriations within the subduction related 

granite batholiths, e.g. Peninsular Ranges batholith (Gromet and Silver 1987) are not 

found in the Caledonian granites. 

(3) Another characteristic of Caledonian granites which is different from the 

subduction related batholiths such as the Peninsular Ranges batholith, is the presence 

within the latter of continuous magmatism over a period of at least 45 Ma (85 Ma if the 

extension of the magmatic arc across the Gulf of California is considered), This is in 

contrast with the magmatic history of the Caledonian plutonism which is characterised 

by short periods of intense activity separated by periods of relative quiescence. 

(4) The peninsular Ranges batholith that developed in a subduction environment is 

elongated over a distance of more than 1000 km and is parallel to subducting oceanic crust. 

Such batholiths in this environment usually comprise hundreds of cross cutting plutons 

variable in diameter from 1 to 50 km. whereas the Caledonian granites usually occur as 

separate small plutons, which are not elongated. 

(5) The rock types present in the Caledonian batholith vary from quartz 

monzodiorite to granite (s.s) and do not form a gabbro-granite continuum, typical of the 

subduction environment, 

7.5.2 Adiabatic decompression during post orogenic uplift model. 

In this model, the late Caledonian granitic complexes (440 to 390 Ma) have been 

regarded as post-collision and magma genesis was suggested to be induced by adiabatic 

decompression during rapid post orogenic uplift (e.g.Pitcher 1983). However, the problem 

with this model is that the Highland metamorphic terrain was already deeply eroded 

before the emplacement of Newer granites and the crust was never sufficiently thickened 

enough to induce the rapid uplift and decompression required to produce widespread 
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melting (Soper 1986). 

7.5.3 Srike slip faulting 

The main period of intrusion of Late Caledonian granites (440 to 390 Ma) 

coincided with major strike-slip faulting (e.g. Soper and Hutton 1984) during the closing 

of the Iapetus ocean. Such long continued strike-slip faulting is invariably accompanied 

by uplift, depression and rotation of blocks (Nur and Boccaletti 1989 in Leake 1990), 

compression (Soper et a1.1987), extension (Pankhurst and Sutherland 1982) at different 

locations and times during this episode. 

Leake (1990) postulated that the result of compression would be to depress and 

uplift crustal blocks. Those pushed down into the mantle would provoke partial melting 

of the lower crust while those uplifted would initiate isothermal melting of the mantle 

and lower crust (Leake 1990)(Fig 7.3). Thus both mantle and crustally derived magmas 

would be produced. The existence of active fractures cutting right through the crust would 

serve to channel the intrusive and extrusive magmas up through the crust to active sites 

of extension where granite batholiths would fill the opening spaces (Leake 1990) (Fig. 

7.3). 

The strong correlation between Caledonian granites and strike slip faulting is 

shown by many of the granites. In Ireland, the Leinster batholith was. emplaced along a 

sinistral shear zone (Copper and Bruck 1983) .The Galway granite also occurs along the 

Skird Rock fault, a splay extension of the Southern Uplands fault (Leake 1963). In 

Scotland, Watson (1984) has correlated many of the Caledonian granites (e.g. Helmsdale 

granites) with the Great Glen fault. The emplacement of the Cairngorm granite has been 

suggested to reflect a tensional block fault system conjugate to the Great Glen fault set 

(Watson 1984). Potts et al (1995), showed that the Sound of lona fault is one of many late 

Caledonian faults and postdates the Ross of Mull granite which strongly suggests the 

pOSSibility of the granite being intruded through the fault (Potts I pers. comm). Leake 

(1990) concluded that the faulting and the crustal movements are not coincidently 

temporally related to the Caledonian granites but they are genetically related. 
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FIGURE 7.3 : Postulates of the influence of faulting on granite 
formation and emplacement (after Leake 1990). (A) Initial pre-fracture 
state. (B) Faulting with depression of a crustals block and some uplift. 
(C) Crustal melting due to depression into the mantle and isothermal 
melting due to uplift. Granite magma concentrates along fractures and 
begin to move upwards. (D) Deep fracturing of the crust and mantle '. 
(E) Basic magma aggregates along the faults and intrudes the crust 
causing partial melting; some . basic magma injects as dykes. (F) 
Granite produced by partial melting moves sideways and upwards into 
the fractured zone; volcanic rocks are largely mantle derived but with 
some crustal contamination. (G) Differential uplift brings hot mantle 
blocks against the lower crust by upward and sideways motion thus 
provoking isothermal and other melting. (H) Granite magma gathers 
at fractures. (I) Granite plutons form and move upward, leaving restite. 
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Recently Hutton and Alsop (1996) showed that the Caledonian strike swing and 

related lineaments, including faults (Fig 7.3) controlled the sedimentation, deformation 

and igneous intrusion pattern in Donegal. They also showed that after restoration of the 

34 km sinistral displacement on the Leannan fault system five out of the eight Donegal 

granites would align remarkably along a direction approximately N120 E (Map 7.7). The 

five plutons are Thorr, Rosses, Ardara, Trawenagh Bay and Barnesmore. They suggested 

that the lineament (N120 E) may represent a deep fault, reaching down into the granite 

source regions and which preferentially allowed magmas to be channelled up to the level 

of emplacement. 

7.5.4. The mantle plume model 

A mantle plume model appears to explain successfully a wide range of 

observations relating to both ocean island and flood basalt provinces (e.g. Griffiths and 

Campbell 1990). A plume ascending from the core-mantle boundary consists of a large 

volume head followed by a narrow and possibly long lived conduit. The conduits keep 

supplying mantle material to the ascending head. Upon reaching the upper crust, the 

head will spread and give rise to a disc of hot material predicted to be 1500 to 2500 km 

across and 100 to 200 km thick (Griffiths and Campbell 1990). 

The volume of basaltic material in the plume head (probable temperature of 

13000 C to 15500 C) may initiate partial melting of overlying continental 'crust (Hill et 

al.1992a). Conductive heat transfer into overlying mantle and crust may play an 

important role in the development of continental crust. The relationship between mantle 

plumes and continental tectonics has been reviewed by Hill et aI. (1992a). They suggested 

that probable candidates for a plume head province include Late Caledonian granites 

terrains of Scotland and southeastern Australia. 

Hill et al. (1992a) reviewed the magmatic history of two inferred plume head 

provinces ; Karoo and Yilgam provinces. They showed that both areas have a rather 

similar magmatic history which is summarised below. 

1. Partial melting of the bulk of a rising and spreading mantle plume head resulted 
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in an early period of basaltic volcanism and melting of much hotter material that 

ascended in the axial conduit and produced komatiites. Conduction of heat upwards ~ 

after a delay time of 25 Ma - resulted in the production of crustally derived melts. Heat 

transport by conduction will usually involve a time gap (of a few Ma to several tens of 

Ma) between mafic and felsic magmatism, as heat is conducted from the hot mantle source 

into the overlying crust (Hill et a1.1992b). Thus the time gap between the start of mantle 

derived mafic magmatism (gabbroic rocks) and crustally derived felsic magmatism can be 

explained as being the time taken to conduct sufficient heat from plume head into the 

crust in order to initiate melting (Hill et a1.1992b). 

2. The first anatectic episode in the plume related area produced the early granites 

and volcanic rocks which were voluminous but of brief duration (several million years) as 

a consequence of conduction of heat into the crust. 

3. Continued conduction of heat into the crust resulted in the production of second set 

of anatectic melts having high Si02, K20 and Na20 contents and low mafic mineral 

abundances. This second anatectic melts have been interpreted (Hill et al. 1992a) as 

indicating derivation from originally structurally higher material that underwent 

partial melting at lower temperature and pressures than during the first melting episode. 

4. The youngest granites of the plume related area (High T-felsic magmatism) are 

alkali rich, water poor and may contain fluoride and alkali pyroxene. 

Hill et al.(1992a) constructed the stratigraphies of the inferred plume related 

areas (Yilgarn and Karoo province), magmatic arcs (Sierra Nevada batholith) and 

igneous rocks from Lachlan fold belt (Fig 7.4). In the present study, I have constructed 

the stratigraphy of the igneous rocks from the Caledonian orogeny in the British Isles for 

comparison (Fig 7.4). The 'stratigraphy' of the Caledonian granites is more similar to a 

plume related area rather than subduction related area e.g. Sierra Nevada batholiths. 

This suggests that the Caledonian granites may not be related to subduction rather to 

some form of plume magmatism. 
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7.5.4.1 Problems with the plume model 

Although the plume model seems to explain the occurrence of the Caledonian 

granites much better than the subduction model, it also has some problems. 

1. There are no picrites and komatiites in the British Isles: No such rocks were 

found in the British Isles at the beginning of the Caledonian orogeny which can be 

related to plume activity. 

2. Magmatic provinces associated with mantle plumes are predicted to be equant 

and have a diameter of 2000 km whereas the Caledonian granites province of the British 

Isles mainly consists of separate plutons and rarely formed a big batholith. 

7.5.5 Discussion 

In this chapter I have reviewed the occurrence and the tectonic setting of the 

Caledonian granites. I also reviewed the isotopic ages of the Donegal granites which 

showed them to belong to the late Caledonian granites (440 - 390 Ma) which are post 

plate closure and are usually associated with fault or fault uplift according to Pitcher 

(1993,p 280). 

Stephens and Halliday (1984) have divided the late Caledonian granites of 

Scotland into three suites namely Argyll, Cairngorm and South of Scotland suites (Table 

7.2). The Donegal granites have characteristics similar to the Argyll suite. These 

features include: predominantly granodiorite and diorite rocks with abundant associated 

appinitic bodies i they are calc alkali with high Na20, Sr and Ba contents. 

The association of the Caledonian granites with strike slip faulting or crustal 

movements is confined only to the late Caledonian plutons (less than 450Ma). Watson 

(1984) showed that crustal movement during this time coincided with the post 

collisional regime of strike-slip motion after Iapetus closed. Thus the crustal movement 

discussed in section 7.5.3 was clearly the crucial factor in the onset of the magmatism 

during the late Caledonian orogeny. In Donegal~ intrusions of the granites coincided with 

major strike slip movements (Hutton 1982 i Hutton and Alsop 1996). Hutton and Alsop 

(1996) also showed that these movements and associated lineaments controlled the 
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Dalradian stratigraphy and sedimentation pattern in the Donegal area. 

The relation between mantle plume and uplift (e.g Griffiths and Campbell 1990 ; 

Nadin et a1.1995) and extension (Houseman and England 1986; Hill 1991) of the crustal 

lithosphere has long been recognised. Surface uplift due to the positive buoyancy of the 

hot plume ~aterial has been quantified at as much as - 1000 m (Hill et a1.1992a) . The 

amount of uplift can lead to extension of the overlying crust (Houseman "and England 

1986). Thus, if one accepts the importance of the plume model in the Caledonian orogeny, 

the crustal movements during this time probably related to the early stage rising of the 

plume head. 

7.6 Summary 

(1) Donegal granites are part of the late Caledonian granites and have similar 

characteristics to the Argyll suite of mainland Scotland. 

(2) Faulting and the crustal movements are important factors in the emplacement of 

the late Caledonian granites. 

(3) Conductive heat transfer by mantle plume into overlying mantle and crust may 

have been an important heat source in the formation of Caledonian granites. 
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CHAPTER EIGHT 

CLASSIFICATION OF THE DONEGAL GRANITES 

8.1 INTRODUCTION 

At least 20 schemes of granite classification have been proposed. Among the 

criteria that have been used in classifying rocks of granitic composition are petrography 

(e.g. Orsini 1976 ; Tischendorf and Palchen 1985), mineralogy (e.g. Lameyre and Bowden 

1982), peraluminosity (Shand 1943), zircon morphology (Pupin 1980), major elements 

chemistry (e.g Chappell and White 1974; Debon and Lefort, 1983) and tectonic 

environment (e.g.Pitcher 1983,1987). 

This chapter is divided into two main parts. The first part is a brief review of 

the main schemes of granite classification, the second part is the application of some of 

these classifications to the Donegal granites. 

8.2 CLASSIFICATION OF GRANITIC ROCKS. 

8.2.1 Classification based on mineralogy 

The main minerals of granitic rocks are quartz, plagioclase, alkali feldspar and 

mafics (mainly biotite & hornblende). Pitcher (1987) noted that the mineralogy and 

mode are important in the classification of the granitic rocks. One of the most Widely 

used mineralogical classifications in igneous rocks is the quartz - alkali feldspar -

plagioclase diagram (QAP) (Streckeisen 1967,1976). In this diagram, granitlc rocks show 

considerable variation in the. relative proportion of alkali feldspar (albite, orthoclase 

and microcline) and plagioclase (An>5) and contain between 20 - 60% quartz (Fig 8.1) . In 

this diagram, granitic rocks are subdivided into alkali feldspar granite, syenogranite, 

monzogranite, granodiorite and tonalite. It not only classifies rocks of granitiC type but 

also more basic rocks such as diorite, monzonite, syenite and gabbro. Thus, the QAP 

classification is valuable in classifying the rocks of granitic series and their related 

intermediate and basic counterparts (Lameyre &t Bowden 1982). 

The QAP diagram discriminates three characteristic series among the large 

variety of granitic rocks associated in intrusions.The series are <Fig 8.2) (1) Calc-
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alkaline series and its variants (2) Tholeiitic series (3) Alkaline series. The calc 

alkaline series can be further divided into ca1c- alkaline trondhjemite (Arth et al. 1978), 

calc-alkaline granodiorite (Atherton et a1.1979 ; Bateman et al. 1963) and calc-alkaline 

monzonite (Orsini 1976 ; Pagel and Leterrier 1980) . Bowden et al.(1984) showed that each 

of the series has its own chemical characteristics and some are different in source 

material. 

8.2.2 Classification based on the peraluminosity 

This classification was introduced by Shand (1943) and is based on the molar 

proportion of Al203 to CaO, Na20 and K20 (e.g mol A1203/CaO + Na20 + K20 

(ACNK». Thus granitic rocks have been divided into three groups, namely peraluminous 

granites : A > CNK, metaluminous granites : CNK > A > NK and peralkaline granites : 

A < NK (Clarke 1981). 

Each of the subdivisions above can be recognised by the minerals present in the 

rock. Peraluminous granite is characterised by muscovite, gamet, cordierite and alumino

silicate and biotite (high ACNKbiotite) as well as normative corundum. Metahiminous 

granite can be recognised by the presence of hornblende, diopside and sphene and 

peralkaline granite by minerals such as riebickite, fluorite and acmite . 

Peraluminosity in granitic rocks can be achieved through a number of diverse 

mechanisms: (1) melting of diopside normative basaltic and andesitic compositions to 

leave amphibole as a significant component in residues has been found by HeItz (1976) to 

produce corundum normative peraluminous melt, (2) crustal anatexis of peraluminous 

material such as pelite can also generate the peraluminous '5' type granitic magmas 

(Chappell and White 1974), (3) fractional crystallisation of amphibole with 

appropriate Fe/Mg ratios (Cawthorn and O'Hara 1976) and (4) assimilation either by 

material or fluid contamination of metaluminous magmas by aluminous sediments during 

ascent and emplacement or post emplacement hydrothermal interactions between granitic 

rock and country rock (Atherton and Sanderson 1987). 
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8.2.3 Classification using opaque minerals. 

This classification was suggested by Ishihara (1977) and is based on the 

occurrence of opaque oxides in granitic rocks. The opaque minerals used in this 

classification are ilmenite and magnetite. In this classification, magnetite and ilmenite 

series rocks can be distinguished by their different magnetic susceptibilities; rocks of the 

magnetite series showing high values (more than 100 X 10 emul g) while those of the 

ilmenite series have lower than 100 X 10 emul g. Ishihara (1977) emphasized the role of 

crustal carbon in the generation of the ilmenite - series magmas while deep seated carbon 

free material and a tensional tectonic setting favoured the generation of magnetite series 

magmas. He suggested that oxygen fugacity was the most important variable controlling 

the formation of magnetite and ilmenite series. This suggests that the ilmenite series was 

generated in the middle to lower continental crust where pelitic rocks containing 

carbonaceous material may occur and that the magnetite series originated at greater 

depth i.e. upper mantle or lower crust. Although there were attempts to correlate this 

classification with the liS type classification (Chappell and White 1974), the two 

classifications are not exactly equivalent (Takahashi et at 1980). Comparison between 

the characteristic features of the two types of classification is given by Beckinsale (1979) 

and is shown in Table 8.1. 

8.2.4. Classification using normative mineralogy 

O'Connor (1965) introduced a normative An-Ab-Or classification of granitic rock 

which was modified by Barker (1979) (Fig 8.3). In this diagram granitic rocks were 

divided into 5 main fields i.e. tonalite, granodiorite, quartz monzonite, trondhjemite and 

granite (s.s). The disadvantage of this diagram is probably the lack of the fields for more 

basic rocks such as monzodiorite, monzonite and diorite, often associated with granites. 

Streckeisen and Le Maitre (1979) proposed a classification based on the 

normative minerals which is intended to mirror the Streckeisen QAP classification 

(Streckeisen 1967,1975). This rectangular diagram has two axes which reflect the silica 

saturation (y-axis , QU) and changing feldspar composition (x-axis , ANOR) (Fig 8.4). 
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I-type or magnetite-series granites 

Tend to be the acid end of a broad 
compositional spectrum from basic 
to acid 

Relatively high sodium contents 

Low initial 87Sr/86Sr ratios «0_708) 

Nonnal range of 81 80 values (approx_ 
6- 10 ~~ , SMOW) 

Magmas with relatively high oxygen 
fugacity; relatively high ferri c/fe rrous 
ratios; characterized by magnetite 

Hornblende and sphene commonly 
presen t 

S-type or ilmenite-series granites 

Tend to occur in res tricted ranges 
of only acidic compositions 

Relatively low sodium contents 
« 3 .2% Na

2 
0 in rocks with - 5% K2 0) 

High initial 87 Srj8 6 Sr ratios (> 0.708) 

Enriched in 18 0 (8 18 0 values ~ about 
I 0 'kA' , SMOW) 

Magmas with relatively low oxygen 
fugacity ; relatively low ferric/ferrous 
ratios; characterized by ilmenite 

Muscovite , monazite, cordierite and 
garnet commonly present 

TABLE 8.1 : Characteristic features of 'I' type / magnetite series and 
'5' type/ llmenite series (after Beckinsale 1979). 

1-t\'P l!s 

(i) ~e t a luminous mineralogy: ho rn -
blende com mon and more abundant 
than biotite in mafic sa mples: acces
sory sphcnt; common 

\ ii) Hornblende- ' 'ch igneous-appearing 
xenoliths 

liii) Relatively hi gh Na~O 
(iv) Molecular AI ,O,l(Na ,O + KD + 

CaO ) < 1. 1 _ . - -

(v) Normative diopside o r small amounts 
o f norm ative corundum 

(vi) Broad spectrum of compositions from 
mafic to fe lsic 

(vii) Regula r inte~-e l ement van a tlons 
within plutons: linear or near linear 
variation diagrams 

(viii) Mafic ho rnblende-bearin g encl aves 
(ix) Initial "7Sr/""Sr 0 .70+-0 .706 
i x i U~ua ll y unfulia ted: contacts strongly 

discordant· well developed contact 
aureoles 

S - /.I'PI'l' 

Peraluminous mineralogy: biotite and mus
covite predominate; no hornble nde ; some 
cordie rite and/or aluminosilicates; monazite 
may be accessory 

Pelitic or quartzose me tasedimentary xeno
liths 

Relative ly low Na~O 
Molecular Alpi(Nap + K~O + CaO) 

> 1.1 
Normative corundum > 1% 

Narrow range of more felsic rocks 

More irregular varia tion diagrams 

Metasedimentary enclaves 
Initial x7Sr/""Sr >0 .708 
Often foli ated; sometimes surrounded by 

high grade metamorphic rocks 

TABLE 8.2 : Summary of distinctive features of the '5' and 'I' type 
granites of Lachlan Fold Belt as originally proposed by Chappell and 
White (1974). 



Bowden et al. (1984) plotted g"ranites from different environments on this diagram 

(oceanic plagiogranite, Cordilleran granite, Caledonian granite, Australia '5' type 

granite and Nigerian anorogenic granite, Fig 8.4) and recommended that the diagram 

should be used more widely in future studies as all of the series can be separated. 

8.2.5 Classification based on zircon morphology 

The idea of using zircon in the characterisation of granitic rocks was developed 

by Poldervart (1950,1956). Later, Pupin (1980) divided granitic rocks into three main 

groups based on the morphology of zircon populations found in rocks. They are: 

(a) crustal origin (autochthonous and aluminous granites), 

(b) mantle origin (alkaline and tholeiite granites), 

(c) mixed origin (calc alkaline and sub-alkaline granites). 

Varva (1994) studied the internal morphology of zircon crystals from different 

types of granites. He observed that the morphological evolution of zircon varies 

systematically between the different granitic types. He concluded that important factors 

controlling the zircon morphology in the different types of granitic rocks are high cooling 

rates, magma mixing, enrichment of H20 and trace elements in residual liquids and the 

major element chemistry of the magma (Na and K to AI). 

8.2.6 Alphabet classification 

The concept of alphabet classification (adopted from Clarke 1992) in granitic 

rocks was introduced by Chappell and White (1974). This classification was developed 

by these authors in a series of papers on the Lachlan Fold Belt, Australia (e.g. Chappell 

and White 1984, 1991 ; White and Chappell, 1983, 1988). 

The first subdivision of this classification was between those granites derived 

from a sedimentary or igneous source rock. The distinction between 'I' and '5' type granitic 

rocks is largely genetic. '1' type granites are considered to have been generated from 

igneous source materials and '5' types granite from a sedimentary source (White and 

Chappell 1974). Relative to 'I' type granites, '5' type granites are low in Na, Ca and SrI 
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three· elements which are lost during conversion of feldspar to clay minerals by 

weathering of sedimentary rock and are higher in Pb, Cr and Ni. As a result '5' type 

granite is always corundum normative or peraluminous and becomes more strongly so as 

the rocks become more mafic (Chappell 1984). Felsic T types are mildly peraluminous 

and overlap '5' types, but more mafic 'I' types are metaluminous . 

'I' and '5' type rocks also show different characteristic minerals; '5' types contain 

AI-rich minerals such as muscovite, andalusite, cordierite or sillimanite etc. and 'I' type 

rocks are characteristically hornblende bearing with accessory sphene. 87Sr j86Sr ratios 

for '5' type granite is more than 0.707 whereas for 'I' type it is less than 0.705. The 

summary of distinctive features of both types as originally proposed by Chappell and 

White (1974) are given in Table 8.2. Table 8.3 a and b show the specific geochemical 

characteristics of 'I' and '5' types granites (White and Chappell 1983) 

'A'-type granite was introduced by Loiselle and Wones (1979) for granites found 

in anorogenic areas. The letter 'A' also indicates the alkaline and anhydrous nature of 

'A'-type granite. Collins et al. (1982) found that the chemical characteristics of 'A'-type 

granites from Lachlan Fold Belt, Australia include low MgO and CaO and high Na20+ 

K20 {Table 8.5). They can be peraluminous and metaluminous. The geochemical 

characteristics of 'A' type granitic rocks are shown in Table 8.3 c. 

'M'-type granite (White,1979 ; Pitcher 1983) was introduced for granite that 
, 

originates in the mantle. This type of granite is usually associated with ophiolite. 

Among the characteristics of the 'M'-type granite are A/CNK < 1, strontium ratio < 0.705 

and a1Bo < 9%", implying a mantle source (Clarke 1992) .The origin of these granites can 

either be indirectly through partial melting of subducted oceanic crust or directly by 

extended fractional crystallisation of basalt. 

Castro et al. (1991) introduced a new alphabet classification of granitic rocks. 

They reviewed the '1'/'5' classification of Chappell and White (1974) and introduced 

hybridization as a new element in the granite typology particularly in orogenic 

environments. A new term - hybrid ('H' type) has been suggested to replace the 'I' type 
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PARAMETER C HARACTE RISTIC EXPLANA TlONS 
VALUE 

Rdcul vdy mahc sou rce rocks 
5,02 Wide range (53 - 76 0 /

0 ) 

~J has not been removed by 
K10 / Na20 Low weathe ring. 

Derived from source rocks of 
K10/ Si02 Variable moderate and variable content 

High Ca in source; not 
Ca Hig h in mahc rocks removed by weathering. 

Only mmimum tempreture 
A/ CNK Normally low melr.s or fractionated I type 

may be peraluminous 

Fe3+ / Fe2+ Mode rate 

Source rocks relatively low in 
C r and Ni Low Cr and Ni • indicating prior 

fra ctionation 
Primary igneous source rocks 

oH!O Low 

MAntle derived igneous source 
875r/ 865 r Genera II y Low rocks.Some high value for 

granitoids drrived from old 
source with high RbISr 

PARAMETER CHARACTERISTIC EXPLANA TIONS 
VALUE 

SI02 Within range 65 • 74% 
I Dmved from Si02 rich source 

K adsorbed by cia yo on 
K10 / Na20 High weathering.whereas Na is 

removed 
Removed in weathering cycle 

Ca and Sr Low 

High ( ~ 1.05) and Weathering increase AI relative 
A/ CNK increase as the rocks to Na + K + Ca 

becomes more mafic. 
Carbon common in 

Fe3+ / Fe2+ Low sedimentary source rocks 

Cr and Ni inrorporated into 
Cr and Ni High relative to I types clays during weathering 

dl80 High 
'?"Ygen isotopes Inctionates 
duting production of clays 
during low temp. weathering 
Rb roncentnted re ... tive to Sr 

875r/86Sr High (normally ~ durins wu~ and 
0.708) oedimentation 

PARAMETER CHARACTERISTIC EXPLANATIONS 
VALUE 

Si02 Usually high . often Small degree of partial melting 
near n% 

Small degree of partial melting 
Na20 High 

Small degree of partial 
C.O L0w melting,Ca not compatible 

with melt structure. 
La cumplexed in melt • 

Cd / AI High plagioclase in residue. 

Complexed in melt. with 
Y and REE high except Eu much Eu remaming in 

anorthite 
Complexed in melt 

Nb and Sn High 

Normally high . Complexed in melt 
Zr particularly in more 

mafic varieties 
Source rock is a fe-sidue from 

F and CI Hi gh an earlier melt and rich in F 
and CI. 

a 

b 

c 

TABLE 8.3 : Characteristic of (a) I type 
(b) S type (c) A type granite. 
(After White and Chappell 1983) 
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isolopic rat ios very va ria ble: isotopic ratios a re general ly intermedia te 
between manteiic and crusta l ra tios; mixing lines are characteristic 

generally aSJOci· 
a ted with minor 
bodies o r ultra-
marie rocks 

Sr inil ial ratio < 
0.704 

(Nd > 0 generally 
(depleted m .. tle) 

K ,O / Na,O < 1 
Sa tura tio n a lumina index (SA l) > I 

K ,O / Na,o close to I 

SA l close to I SAl < I tho leiitic a rfinities 

rractionation of 
mantle-<lerived, 
basaltic .......... 

Parlla l melting o r developed by magma miXing (hybridiza tion) be tween mantle-
metasedimentary roc ks derived ma ric magmas ( M-type) and supracrustal anatectic 
~ompositiona l va ri a- IS- type} magmas 
tions ex plained by 
res lilc un mixi ng 

TABLE 8.4: Alphabet classification by using hybridation as a new element 
(After Castro et al.1991) 
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T ~BLE 8.5 : Granite classification according to their tectonic occurrence (after 
PItcher 1993). 
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FIGURE 8.5 : The classification of plutonic rock using parameter Rl 
and R2 (after de la Roche et al.1980). 
R1 = 4Si - l1(Na+K) - 2(Fe+ Ti); R2=6Ca + 2Mg + Al. 
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FIGURE 8.6 : Summary diagram of the major granitic association, 
base on Pitcher (1979,1983) and Harris et al. (1983) (after Batchelor and 
Bowden 1985). 
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FIGURE 8.7 : Various granitic rocks plotted in ~e An-Ab-Or-Qz tetrahedron 
(a) Santa Rosa-major super unit from the Coastal Batholith Peru (Atherton 
1984) ; (b) Lachlan'S' types granites (Chappell 1984) I and Thai granites 
(Ishihara et al. 1980) and Dartmoor (Watson et a1.1984) ; (c) Plagiogranite and 
trondhjemites (Malpas 1979) ; (d) 'A' type granites (Collins et al. 1982). 
(after Atherton 1988) 



granite. They suggested that in orogenic environments, 'H'~type granite may be 

developed from the mixing of mantle derived magmas ('M'~type) and anatectic, 

supracrustal melts (S-type). The 'M' and '5' types magmas were regarded as the end 

members of the 'H' type. By mixing these two end members, they suggested that three 'H' 

types magmas can be produced. These are Hs ('S'-type predominates), 'Hm' ('M' type 

predominates) and Hss ('5' and 'M' equal). The distinctive features of these types are 

given in Table 8.4. 

8.2.7 Classification based on the major element cation proportions. 

De La Roche et al.(1980) proposed a classification scheme for volcanic and 

plutonic rocks based upon their cationic proportions of major elements, expressed as 

millications. The diagram is a X - Y bivariate graph using the plotting parameters R1 

and R2 where: 

R1 = 4Si - l1(Na + K) -2(Fe + Ti) 

R2 =AI +2Mg + 6Ca) 

The diagram is important in classifying granitic and associated rocks (Fig 8.5). Among 

the advantages of using this diagram are (1) the entire major element chemistry of the 

rock is used in the classification, (2) the scheme is sufficiently general to apply to all 

types of igneous rock and (3) the degree of silica saturation and changing feldspar 

compositions can be shown. Batchelor and Bowden (1985) showed that the diagram can 

discriminate five granitic groups related to the tectonomagmatic divisions proposed by 

Pitcher (1979,1983 , Fig 8.6) . 

8.2.8 Lineages and granitic series. 

Atherton (1988) suggested that granitic rocks should be considered in terms of the 

lineage which produced the major variation at the exposed level. A large number of 

parameters have to be considered to complete the definition of the lineage among which 

are ascent modification and fractionation, mixing, final crystallisation and tectonic 

regime (Atherton 1990). 
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The lineage character of a granitic series can be expressed using the QAP modal 

diagram (Streikeisen 1967) and the system An-Ab-Or-Qz-H20. The importance of the 

latter lies in the fact that most granitic batholith rocks contain more than 80% normative 

An-Ab-Or-Qz, so their evolution can be readily shown in the granite system. Different 

lineages and mineral paragenesis can be plotted in the An-Ab-Or-Qz diagram (Atherton 

1988,1989) (Fig 8.7). 

8.2.9 Tectonic classification of granitic rocks. 

This classification has been proposed by Pitcher (1983,1987,1993). He suggested a 

five fold classification of the granites depending on their tectonic setting (Table 8.5). 

According to Pitcher (1983) "the close relationship between granite type and geological 

context is because granite in the widest sense, arises at the end stage of several generative 

processes involving different source rocks, each process and source being appropriate to a 

particular environment". The survey is mainly based on granites of Phanerozoic age 

(Pitcher 1983). Granitic rocks were first divided into two main types, Orogenic and 

Anorogenic. The Orogenic granites have been further subdivided into four types according 

to their tectonic setting namely oceanic island arc, continental margin arc, post closure 

uplift and continental collision (Table 8.5). 

8.2.10 Synthetic classification 

Barbarin (1990) summarised many of the previous granitic classifications, then 

offered yet another classification. He compared some twenty previous granite 

classifications (Table 8.6). In alq\ost all classifications, alkaline and per alkaline 

granites are separated from calc-alkaline, peraluminous and metaluminous granites. Most 

of the classifications distinguished three groups of granites corresponding to their sources 

i.e. crustal, mantle-derived or mixed. 

Barbarin (1990) noted that the majority of orogenic granites originate at the 

crust-mantle interface and involve crust and mantle components. He later suggested that 

granites can be broadly divided into three main petrogenetic groups (1) almost 
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TABLE 8.6 : Comparison of the main petrogenetic classification of granitic rocks 
(after Barbarin 1990) 



(BARBARfN 1990) 

• ORIGIN· • GRANITOID TYPES· • TECTONIC SETTING· 

Intrusive Two·mica Leucogranites CST I CRUSTAL ORIGIN I COWS ION 

Peraluminous Autochtonous Granitoids CCA 

~ OR 

PEAAlJ..t.tNOJS ROCKS Peraluminous Intrusive Granitoids CCI 
POST -COlLISION (") 

I MIXED ORIGIN 1 Potassic Calc-Alkaline granitoids 
HLO ZONES ! (High K . Low Cal 

(Crust + Mantle) 

MET AWMINOUS Calc-Alkaline Granitoids HCA Sl.IlOLCTO-I ~ OR CAU;.AU<AUNE ROCKS (Low K - High Cal 

Island Arc Tholeiitic Granitoids TIl. 2IN'S 

I MANTLE ORIGIN I Midocean Ridge Tholeiitic Granitoids TOR 

II RIF11NG OR DOMING 

THOLElmC. ALKAUNE Alkaline and Peralkaline Granitoids A 2IN'S 
OR~EROCKS 

TABLE 8.7: Proposed classification obtained from the comparison of .the 
main petrogenetic classification of the granitic rocks and the relationships to 
the origin of the magmas and tectonic settings (After Barbarin 1990) 



exclusively crustal orogenic group (C-group) (2) hybrid orogenic granites with mixed 

origin, both crustal and mantle derived (H-group) and (3) mantle derived anorogenic 

granites (T-or A-group). 

In this synthetic classification, eight types of granitic rocks fit into the three 

main categories of rocks of crustal, mantle and hybrid (crust + mantle) origin (Table 8.7). 

This classification underlines the close relationship between the origin of granitic rocks 

and their tectonic setting. 

8.3 CLASSIFICATION OF THE DONEGAL GRANITES 

In this part the Donegal granites will be classified using some of the 

classifications that have been surveyed in the first part of this chapter. Pitcher (1983) 

has classified the granites together with other Caledonian granites of the British Isles 

as Caledonian 'J'J type that occur in a post closure uplift tectonic regime. Dempsey (1987) 

studied the geochemical aspects of Barnesmore pluton and said that the pluton is 

sub alkaline and generally peraluminous. Barbarin (1990) has grouped the granites as 

calc-alkaline type with high-K and low-Ca. 

8.3.1 Classification by mineralogy 

Modes of the quartz, alkali feldspar and plagioclase of the 120 samples from the 

Donegal granites are given in Appendix 2 . They were plotted on a QAP diagram 

(Streckeisen 1967; Fig 8.8, Fig 8.9). In terms of the granite series (Lameyre and Bowden 

1982 ; Bowden et al. 1984), the Donegal granites fall in the calc-alkaline granodioritic 

series, similar to the subduction related granitic rocks from Cordilleran granites 

(Bateman 1963). However, the geological evidence (see chapter 7 for discussion) does not 
. 

support this conclusion. In general the Rosses, Trawenagh Bay, Ardara, Thorr, Fanad and 

Barnesmore plutons belong to the calc-alkaline granodioritic series. The Main Donegal 

granite however show a trend similar to the calc-alkaline trondhjemite series (Arth et 

a1.1978 and Fig 8.9). 

The granitic rocks from Rosses, Barnesmore, Trawenagh Bay and some of the rocks 

165 



Alkali Feldspar 

Quartz 

-4--T------ 5 type 

\<e,ll----- I type 

Plagioclase 

o Thorr 

[] Ardara 

o Rosses 

11 Barnesmore 

IS Main Donegal & Trawenagh Bay 

• Fanad 

FIGURE 8.8 : Modal Q-A-P plot for the Donegal granites. The field of 'S'-type 
and 'I'-type granitic rocks from Lachlan fold belt, Australia (Bowden et al. 
1984) is also shown. It shows that the general trend is similar to calc alkaline 
granodiorite series (Atherton et al. 1979 ; Bateman e t al. 1963). 
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FIGURE 8.9 : Lineages of individual plutons of the Donegal granites plotted 
in the Q-A-P diagram (Streckeisen 1967). 



from the Main Donegal granite (granite-granodiorite) occupy a central area of the 

diagram (Fig 8.8). Granites plotting in this area have been regarded as crustal melts 

(Bowden et a1.1984) and this suggests the importance of crustal material in the source 

rocks of those plutons. Furthermore many of the rocks from Rosses and Bamesmore plutons 

plot in the 'S'-type field of Lachlan fold Belt (Bowden et al. 1984) (Fig 8.8). 

8.3.2 Classification based on the peraluminosity 

A plot of aluminium saturation index (ACNK) versus Si02 for the Donegal 

granites is shown in Fig 8.10. In general the ACNK value for the Donegal granites range 

from metaluminous to peraluminous. Quartz monzodiorite from the Fanad pluton has the 

lowest ACNK value (0.8) and the highest ACNK values are from 'contact' facies rocks of 

Thorr pluton (1.32). The range of ACNK for individual plutons are given in Table 8.8. 

The plots of ACNK versus Si02 for the individual plutons are shown in Fig 8.11. 

The ACNK value for the Ardara and Rosses plutons increases and the Main Donegal and 

Bamesmore decreases with Si02. There are no clear trends for the Thorr, Fanad and 

Trawenagh Bay plutons. 

(1) Trawenagh Bay : all Trawenagh Bay rocks plot in the 'I' type field (Chappell 

and White 1974) with the majority of the rocks being slightly peraluminous. 

(2) Main Donegal : the samples from the Main Donegal granite plot in both 

metaluminous to peraluminous fields with considerable grouping of data pOints near the 

line of ACNK = 1. All samples plot in the 'I' type field. 

(3) Ardara: The majority of the samples from the outer unit plot in the 'I' type 

field and are metaluminous. The samples from the inner unit show a wider range of 

ACNK from metaluminous to peraluminous, only 2 samples from this unit fall in the '5' 

type field. These samples were collected from the inner unit of the Ardara pluton. 

(4) E.mBli : The samples are mainly metaluminous with some slightly peraluminous. 

All samples from Fanad plot in the I type field 

(5) Rosses : Samples from Rosses show consistent variation of increasing ACNK 

(metaluminous to peraluminous) from porphyry dykes to G4. The majority of the samples 
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Pluton RanaeACNK 

Trawenagh Bay 0.85 to 1.09 (1.01) 

Main Donegal granite 0.95 to 1.14 (1.01) 

Fanad 0.86 to 1.09 (0.94) 

Ardara Outer Unit 0.86 to 1.03 (.94) 

Ardara Inner Unit 0.92 to 1.12 (1.02) 

Rosses G1 0.95 to 1.12 (1.03) 

Rosses G2 0.89 to 1.12 (1.04) 

Rosses G3 0.94 to 1.16 (1.03) 

Rosses G4 0.99 to 1.2 (1.08) 

Thorr normal facies 0.92 to 1.07 (1.0) 

Thorr contact facies 1.03 to 1.32 (1.13) 

Bamesmore Gl 1.01 to 1.12 

Bamesmore G2 1.02 to 1.11 

Bamesmore G2pf 1.01 to 1.05 

Bamesmore G3 0.95 to 1.04 

TABLE 8.8 : Range of ACNK values of different plutons of the Donegal 
granites. 
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plot in the 'I' type field. Three samples from G4 and one each from G1 and G2 plotted in 

the '5' type field. 

(6) Ihm.r : In Thorr, the samples from the contact facies plot in the '5' type field and 

all are peraluminOUS. Hornblende free, hornblende bearing and transitional facies rocks 

are metaluminous to slightly peraluminous and plot mainly in the 'I' type field 

(7) Barnesmore : In contrast to the Rosses, the Barnesmore samples show slight 

decrease of ACNK with increasing 5i02 from G1 to G3. The majority of the samples are 

peraluminous and plot in the 'I' type field. 

The diagrams (Fig 8.11) show that most of the Donegal granites (except the 

contact facies from Thorr and the G4 of the Rosses plutons) are 'I' type and are 

metaluminous to slightly peraluminOUS. Both G4 from Rosses and contact facies rocks from 

Thorr gained peraluminosity by high level interaction with fluid and pelites 

respecti vel y. 

8.3.3 Normative classification. 

The normative data for rocks of the Donegal grimHes were plotted on an An-Ab

Or triangular diagram (Barker (1979), Fig 8.12). All Rosses samples plot in the 

granite(s.s) field. This is similar to the Rosses rocks in a Q-A-P diagram and in the major 

element plots (de La Roche 1980 ; Batchelor and Bowden 1985). 20% of the rocks of the 

Main Donegal granite plot in the trondhjemite field and grade into the granite field. 

Fanad rocks plot mainly in the granodiorite and tonalite fields. Thorr rocks plot in the 

granodiorite to the granite field. 

The other normative plot, the Q' vs ANOR (Streckeisen and Le Maitre 1979) is 

shown in Fig 8.13. ~he rocks trend from granite to monzogranite to granodiorite to 

tonalite. This general trend follows the Caledonian post orogenic trend of Bowden (1984). 

All Rosses, Trawenagh Bay and Bamesmore samples plot in the granite and monzogranite 

fields whereas Ardara, Main Donegal, Fanad and Thorr samples grade from granodiorite 

to tonalite. 
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8.3.4 Alphabet classification 

On a plot of Na20 vs K20 (Fig 8.14), 99% of the samples of Donegal granites plot 

in the 'I' type field of White & Chappell (1983); only two rock samples fall into the '5' 

type field. They are from the 'contact' facies of the Thorr pluton. 

Comparison of the Donegal granites with the original 'I' /'5' type classification 

(Chappell and White 1974) is shown in Table 8.9. In terms of their mineralogy, the 

Donegal granites show both metaluminous and peraluminous characteristics. 

Metaluminous mineralogy is evident in the basic plutons such as Fanad, Ardara and Thorr 

which contain hornblende and accessory sphene. The more felsic plutons such as Rosses, 

Trawenagh Bay, Main Donegal and Barnesmore show peraluminous mineralogy including 

muscovite and garnet. They do not contain hornblende. The Donegal granites also have a 

wide range of Si02 between 52% to 77%. This is comparable to the Si02 range of the 

original 'I' type (White and Chappell 1983) between 53% to 76% (Table 8.3a). 

8.3.5 Major element classification. 

Major element data from Donegal granites have been plotted in R1"R2 diagram of 

De La Roche et al.(1980) (Fig 8.15). This diagram shows that, in terms of rock types the 

Donegal granites range from monzodiorite to tonalite to granodiorite to monzogranite and 

syenogranite (d. Fig 8.5). Fig 8.15 also shows the tectonic setting of the granites. The 

general trend of the Donegal granites coincides with the trends defined. by the post 

collision uplift and late orogenic granitic trends. 

8.3.6 Tectonic classification 

It has been shown (section 8.3.5) that the Donegal granites are 'I' type according 

to the Chappell and White (1974) classification. Pitcher (1983) has divided the 'I' type 

granites into two types according to their tectonic environment i.e. 'I' (Cordilleran) and 'I' 

(Caledonian) type granite. Comparison of the characteristics of these two types to the 

Donegal granites (Table 8.10) shows that the Donegal granites have both 'I'type 

(Caledonian) and 'I' type (Cordelleran) characteristics. 
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'I'Type 
Metaluminous mineralogy, hornblende 
and accessory sphene common. 
hornblende exceed biotite in mafic 
samples 

Hornblende rich igneous appearing 
xenoliths 

Relatively high Na20 

ACNK < 1.1 , normative diopside or small 
amount of normative corundum 

Broad spectrum of composition mafic 
to felsic 

Regular interelement variations within 
plutons;linear or near linear variation 
diagrams 

Initial 87Sr /86Sr - 0.704 - 0.706 

'5' Type 
Peraluminous mineralogy: no hornblende, 
biotite and muscovite predominate, with 
cordierite,aluminosilicate ,monazi te and 
garnet. 

Pelitic or quartzose metasedimentary 
xenoli ths 

Relatively low Na20 

ACNK> 1.1 and normative corundum > he. 

Na rrow range of more felsic rocks 

More irregular variation diagrams 

Initial 87Sr / 86Sr >0.708. 

Donegal granites 
Metaluminous and peraluminous mineralogy present. 
Hornblende and sphene occur in more basic plutons 
(Fanad,Thorr and Ardara). Muscovite, garnet occur in 
more felsic pluton (Rosses, Trawenagh Bay, Main 
Donegal and Barnesmore 

Both igneous and sedimentary xenoliths to rafts size 
occur (Thorr, Fanad, Main Donegal and Ardara) 

Relatively high Na20 

ACNK: 0.86 to 1.32 

Generally broad range of composition from mafic 
(diorite,quartz monzodiorite) to granodiorite and 
trondhjemite to felsic composition (granite (s.s.)) 

Regular inter-element va riation within 
plutons. 

Initial 87Sr /86Sr - < 0.707 

TABLE 8.9 : Comparison of T /'S' types (Chappell and White 1974) with the Donegal granites. 
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'I' TYPE CORQJLLEMN 

Tonalite dominant but broad 

compositional spectrum 

Hornblende ,biotite,magnetite 
and sphene 

K-feldspar interstitial and 
xenomorphic 

Dioritic xenoliths; may represent 
restitic material ' 

ACNK-l.l 

87Sr I86Sr < 0.7()j 

Great multiple,linear batholiths 

with arrays of composite 
cauldrons 

Associated with great volumes 

andesites and dacite 

'I' TYPE CALEPONIAN 

Granodiorite-granite contrasted 

association with minor bodies 
of hornblende diorite & gabbro 

Biotite predominated,ilmenites 
and magnetite 

K-feldspar interstitial and 
invasive 

Mixed xenolith populations 

ACNK-l 

87Sr l86Sr > 0.705 < 0.709 

Dispersed,isolated complexes of 
multiple plutons and sheets 

Sometimes associated basalt

andesites lave plateaux 

Quartz monzodiorite-granite 

association with minor appinite 
bodies 

Biotite predominate(Brown > 

green> reddish), hornblende 
magnetite, sphene 

K-feldspar interstitial and 
invasive 

Mixed xenoliths populations 

ACNKO.7 - 1.32 

87Sr I86Sr 0.705 - 0.707 

Isolated batholith with distinct 
plutons, multiple & sheets 

Lacking of voluminous volcanic 
equivalent 

TABLE 8.1 0 : Comparison of the Donegal granites to the 'I' type Caledonian and 'I' type 
Cordilleran. Both I type classifications after Pitcher (1983). 



8.3.7 Summary 

The Donegal granites are metaluminous to slightly peraluminous (ACNK: 0.86 -

1.2) and generally belong to the calc-alkaline granodiorite series. The granites are 'I' 

type according to the Chappell and White (1974) classification except the contact facies 

of the Thorr and the G4 of the Rosses plutons which show apparent '5' type 

characteristics. In terms of tectonic classification the Donegal granite is 'I' (Caledonian) 

type which is late orogenic granite. A summary of the classification of the Donegal 

granites is shown in Table 8.11. 
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CLASSIFICATION 

l)Q-A-P 
Rock type 

Trend 

z)ACNK 

4) Normative An-Ab-Or 

5) RI-RZ classification 
Trend 
Tectonic 

6) liS Oassification 

7)Tectonic Classification 

pONEGALGRANIIE 

Quartz monzodiorite to granodiorite 
to granite with minor trondhjemite. 
Calc -alkaline granodiorite 

Metaluminous to peraluminous 

Tonalite to granodiorite to granite with 
minor trondhjemite 

Subalkaline (similar to Ploumanac'h granite) 
Post collision uplift to late orogenic. 

'{'type to felsic·I'type. S type only occurs in 
contact facies of Thorr and the G4 of Rosses 

The Donegal granites show both 
" characteristics of J type Caledonian 

and Cordilleran . 

REfRtiNCES 

Stredeisen (1967) 

Atherton et a1.(1979) 
Bateman et al.(1963) 

Shand (1943) 

Baker (1979) 

De La Roche (1980) 
Bowden &. Batchelor(l985) 

Chappell &. White (1974) 

Piteher (1983) 

TABLE 8.11 : Summary ·of classification of the Donegal granites. 



CHAPTER NINE 

CONCLUSIONS AND FUTURE WORK 

9.1 Introduction 

This study has been concerned with the petrological, mineralogical and 

geochemistry of the Donegal granites. The Donegal granites are located in the north west 

of Ireland, in County Donegal (Map 2.1). They are part of the Caledonian granites of the 

British Isles and cover an area of approximately 1150 km2. They are intruded into Late 

Precambrian to Cambrian Dalradian metasediments ranging from pelites, quartzites to 

marls. The granites plutons are: Thorr, Rosses, Ardara, Fanad, Barnesmore, Main Donegal 

and Trawenagh Bay plutons (Map 2.2) 

In the terminology of Peacock (1931) the Donegal granites have a calc-alkali 

chemistry. This is supported by the AFM plot which also shows that the granites follow 

the calc alkaline trend. More specifically the granites show that they belong to the 

high-K calc alkaline series of Peccerillo and Taylor (1976 i Na20 + K20 ranges from 5.9 

to 9.8%). The rocks are metaluminous to slightly peraluminous (ACNK : 0.8 - 1.15). 

Higher ACNK values are shown by the rocks from the contact facies of the Thorr pluton 

and the G4 from the Rosses granite. 

The granites are generally 'I' type according to Chappell and White (1977) 

classification. Specifically the Donegal granites can be classified as 'I' type Caledonian. 

An apparently'S' type characteristic granite is from the contact facies' of the Thorr 

granite where the granitic magma interacts with the pelitic rafts or xenoliths. This '5' 

type rocks however do not suggest the sedimentary origin of the contact facies magma, but 

it is the result of interaction between the Thorr magma with the pelitic rafts or 

xenoliths. It represent a modified 'I' type. 

The essential mineralogy of the Donegal granites are plagioclase, alkali 

feldspar, quartz and biotite. Hornblende is only present "in the mafic plutons (Ardara, 

Thorr, Fanad and Toories). Muscovite occurs as a secondary mineral in the felsic plutons 

(Rosses, BarnesmoIe, Main Donegal and Trawenagh Bay) and in the contact facies rock of 

the Thorr granites. According to the Quartz - Alkali feldspar - Plagioclase classification 
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(Streckeisen 1967) the rock types of the Donegal granites grade from diorite to quartz 

monzodiorite to tonalite to granodiorite to granite (Thorr), granite (Rosses and 

Trawenagh Bay), granodiorite to granite (Barnesmore), trondhjemite to granodiorite to 

granite (Main Donegal), quartz monzodiorite to granodiorite (Fanad and Ardara). 

Mineralogical (Q-A-P) lineages show that the rocks belong to the calc alkaline 

granodiorite series similar to those formed near a plate edge (Bateman et al. 1963, 

Atherton et al. 1979). The accessory minerals of the Donegal granites are apatite, sphene, 

zircon, allanite, magnetite, garnet, ilmenite, pyrite and epidote. Magnetite is the main 

opaque phase (up to 2 % in the mafic Fanad and Thorr rocks). This suggests that the 

Donegal granites belong to the magnetite series (Ishihara 1977) which is comparable 

with the 'I' type classification of the Donegal granites (e.g. Beckinsale 1979). 

Correlation with the Caledonian granites of the British Isles gives the following 

conclusions: 

(1) The Donegal and late Caledonian granites are calc alkali. 

(2) The Donegal granites show characteristics similar to the late Argyll suite 

granites of the Mainland Scotland. They are high-K calc alkali, and have high Ba and 

Sr contents. 

9.2 Subdivision of the Donegal granites. 

Based on the petrology and geochemistry the Donegal granites were divided into 

three groups 

(1) The most felsic group - Rosses and Barnesmore plutons. 

(2) The ~ group - Main Donegal granite and Trawenagh Bay plutons. 

(3) The mafi.!:. group - Ardara, Thorr and Fanad plutons. 

9.2.1 The most felsic group. 

This group consists of the Barnesmore and Rosses plutons. The mineralogy of this 

group is alkali feldspar, plagioclase, biotite, quartz, magnetite, sphene, allanite, zircon 

and garnet. This group has high Si02 contents (70 - 79%), Rbi Th (Bamesmore only) and 
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Rb/Sr; and has low Ba, Sr, Zr, Sr/Y and total REE. 

9.2.2 The fdm group. 

This group consists of the Trawenagh Bay and Main Donegal granites. It is 

characterised by intermediate to high Si02 (65 ~ 75%) and Rb (Trawenagh Bay) ; 

intermediate Sr/Y ; and low Sr, V, Ba and Rb/Sr. The mineralogy of this group is similar 

to the most felsic group. 

9.2.3 The Dlilfk group 

This group consists of the Ardara, Thorr and Fanad granites and is characterised 

by a wide range of Si02 contents (52 - 72%) with the majority of the rocks between 52 - 65 

% Si02. Rocks of this group contain hornblende (up to 15%) and the modal amount of the 

accessory minerals such as allanite, apatite, sphene and magnetite are higher than those 

from the two previous groups. This group has high Ba (Fanad and Thorr), Ce, Sr, V, Zn, 

Zri Sr/Y, and total REE; intermediate to low Rb (Fanad and Thorr); and low Co, Rb/Zr, 

Rb/Ba and Rb/Sr compared to the other groups. It is interesting to note that among these 

three mafic plutons, Ardara shows a slight difference in geochemical characteristics. 

Compared to the Fanad and Thorr plutons, the Ardara pluton has: 

(1) low Ba and Sr ~ the Ba content is similar to the felsic and the most felsic groups, 

(2) high Rb especially in the rocks from the outer and intermediate units, 

(3) high Th and Pb. 

9.3 Individual plutons 

9.3.1 Thorr pluton 

(1) The Thorr pluton is normally but asymmetrically zoned and varies from quartz 

diorite (-55% Si02) to true granite (75 % Si02). 

(2) The pluton can be divided into the hornblende-bearing normal facies and the 

hornblende-free normal facies. The latter facies, also known as the Gola fades (Whitten 

1966), occurs in the NW of the pluton. This facies grades continously into a more basic one 
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(granodiorite to diorite) towards the south and south-east viz hornblende-bearing 

normal facies. The rocks of the hornblende-bearing normal facies adjacent for to the 

pelitic xenoliths/rafts in the south and south-east change gradationally into the 

transitional facies and then to a contact facies (10 m wide). 

Apart from the Bloody Foreland rocks the modal properties and the whole rock 

major and trace elements chemistry vary continuously from margin to core and there are 

no major internal contacts. 

(3) In the normal facies the mineral phases present are alkali feldspar, plagioclase, 

quartz, biotite, hornblende, sphene, apatite, allanite, epidote, zircon, magnetite, pyrite 

and ilmenite. The dominant minerals in the contact facies are plagioclase, microcline, 

quartz, biotite, muscovite, apatite, zircon and rutile. 

(4) The Thorr granite has the widest range of Si02 (from 56.75 to 75.19%) of all the 

Donegal granites. It also has the widest range of most of the major and trace elements and 

is exceptionally high in P205 ; high in Zr, Zn, Sr, V and has low Rb/Sr, Rb/Ba, Rb/Zr 

and Ni. 

(5) The marginal accretion models of Oglethorpe (1987) may explain the 

compositional variation of the Thorr granite. Combined major and trace element 

modelling indicates that the compositional variation in the Thorr granites was produced 

by plagioclase, hornblende and biotite fractionation and alkali feldspar and quartz 

fractionation may have been important in the end-stage melt (= hornblende free facies) 

9.3.2 Rosses pluton 

(1) The pluton forms a ring complex which was intruded into the older Thorr pluton. 

The main body of the granite consists of 4 units, G1 to G4 and is generally medium to 

coarse grained biotite to muscovite granite. There is a peripheral group of arcuate, 

steeply inclined microgranite sheets and a north-south trending porphyry dyke swarm 

which intruded Gl and G2. 

(2) The main rock type of the Rosses complex is granite (s.s.) consisting of 

plagioclase, micro cline microperthite, quartz, biotite, apatite, magnetite, allanite, 
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zircon and hematite, sphene (secondary) epidote (secondary). 

(3) The rocks have Si02 contents ranging from 69 to 77 %, low Ba, Ce, La, Nd, Sc, Sr, 

Th, V, Zr, Sr/Ba and Sr/Y and high Rb (G2 and G4), Ni, Co (G4 and G2), Rb/Sr, Rb/Ba, 

Y /Zr (G2 and G4) and Rb/Zr. ACNK increases with Si02. 

(4) A distinct chemical break occurs within the pluton at the G2 - G3 contact where 

G3 is more basic than G2. This indicates that the continuous evolution of the Rosses 

granites from G1 to G2 to G3 to G4 at the present level is unlikely. The primitive nature of 

G3 may be explained by the influx of basic magma into a magma chamber at depth after 

the emplacement of the G2. 

(5) Combined major, LILE and REE element modelling indicates that the 

compositional variation in the pluton at the present level involved the precipitation of 

plagioclase, biotite and alkali feldspar. The variation of the Rosses granites can be 

explained by 2 cycles of magma evolution namely (1) micro granite to G1 to G2 and (2) 

porphyry /G3 to G4. The porphyry dykes may represent a basic quench of the G3 magma. 

9.3.3 Ardara pluton 

(1) The Ardara pluton is normally zoned and consists of three units, an outer, 

intermediate and inner unit. 

(2) The essential minerals of the rocks from this pluton are plagioclase, alkali 

feldspar, hornblende, biotite and quartz. The accessory minerals in decreasing abundance 

are epidote, sphene, apatite, magnetite, hemo-ilmenite and pyrite. 

(3) The Ardara granitic rocks have Si02 contents ranging from 59.1 to 72 %. The 

rocks have high V, Th, Pb, Ce and low Co, Ba, Y /Zr, Rb/Zr, Rb/Sr, Rb/Ba compared to 

the other Donegal granites. 

(4) The modelling showed that the units of the Ardara granite are not related by a 

simple in situ fractionation from the wall inwards. Each unit may represent three 

magmas, each has is fractionated separately (cf Yarr 1991). 
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9.3.4 Fanad pluton 

(1) The Fanad granite is located in the most northerly part of Donegal and consists of 

three separate units namely Rosguill, Melmore and Fanad peninsula. Using the 

geochemical data, the Fanad peninsula rocks are subdivided into 2 sub-units namely high 

Ba Fanad peninsula, low Ba Fanad peninsula. 

(2) The dominant minerals in decreasing abundance are plagioclase, biotite, alkali 

feldspar, quartz, hornblende, sphene, magnetite, apatite, allanite and zircon, pyrite and 

ilmenite. 

(3) The rocks are characterised by low Si02 contents ranging from 52 to 64% i.e it is 

the most basic of the Donegal granites and has high Ba, Nd, Sr, Sc, V, Zn, Zn, Zr, Sr/Y, 

total REE and low Co, Pb, Rb, Th, Y, Rb/Zr, Rb/Ba, Rb/Sr. 

(4) Combined major, LILE and REE element modelling indicates that the 

compositional variation in the pluton is due mainly to the fractionation of hornblende 

and plagioclase. The geochemical evidence indicates that the separate units of the 

Fanad granites are not related at the present exposure level and may represent separate 

magma batches from different sources. 

9.3.5 Main Donegal pluton 

(1) The Main Donegal granite is the largest intrusion of the Donegal granites. It is 

characterised by a broad, sheeted contact zone and internally by lithological banding of 

light (graniodiorite-granite) and dark (trondhjemite) bands. 

(2) The dominant minerals in the light bands (in decreasing abundance) are 

plagioclase, alkali feldspar, biotite, quartz, sphene, magnetite, apatite, allanite, zircon, 

epidote, pyrite, hematite, ilmeno-hematite, chalcopyrite and geothite. The dark bands 

also have a similar mineral assemblages but with very low modal alkali feldspar and 

very high modal plagioclase. 

(3) The dark bands have Si02 contents ranging £rOln 66.2 to 71.2 % whereas the light 

bands range from 67.S to 74.7%. The trondhjemite can be distinguished from the 

granodiorite-granite as it has lower K20,Rb, Ba, Sr/Rb and and higher Na20, Nb and 
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Rb/Ba values. 

(3) The geochemical data suggests that the dark band trondhjemite from the Main 

Donegal granite is different to the granodiorite-granite and likely to have a different 

origin from other Donegal granite magmas. 

9.3.6 Trawenagh Bay pluton 

(1) The Trawenagh Bay granite is located at south-west end of the Main Donegal 

granite. No contacts have been observed between the two plutons. 

(2) 90 % of the Trawenagh Bay pluton is made up of homogeneous, equigranular, 

medium to coarse grained biotite granite with diffuse areas of finer grain size in the 

centre and south of the pluton. The remaining 10 % is garnetiferous muscovite granite 

occurring as scattered patches at the centre and margins of the pluton. The contact between 

the two granites is gradational, the nor~al biotite granite grades into marginal 

muscovite granite by the disappeareance of biotite accompanied by the incoming first of 

muscovite and then of garnet. 

(2) The biotite granite consists of alkali feldspar, plagioclase, quartz, biotite, 

muscovite, epidote, apatite, magnetite and allanite, whereas the muscovite granite 

consists of plagioclase, alkali feldspar, quartz, muscovite and accessory garnet. 

(3) The muscovite granite of the Trawenagh Bay pluton is among the most evolved 

granites of Donegal (73.6 - 75.6% Si02). It has low concentrations of Ti02, FeO, MgO, 

CaO, P205, Ba, Ce, La, Nd, Pb, Sr, V, Zn, Zr and Sr/Y and high Nb, Y /Zr, Rb/Zr and 

Sr /Ba compared to the other Donegal granites. The biotite granite has Si02 contents 

ranging from 69.9 to 73.28%. The rocks have high Ni and low Pb, Th, Zr, Ce, Ba, Rb/Ba, 

Rb/Zr, RblSr compared to the other Donegal granites. 

(4) Geochemical data show that the biotite granite of the Trawenagh Bay pluton is 

similar to the light band granodiorite - granite from the Main Donegal granite. This 

suggests that both granites may be cogenetic (d. Pitcher and Berger 1972). The presence of 

pegmatite pods and aplites in the muscovite granite provides strong evidence for the 

presence and exsolution of a vapour phase from the Trawenagh Bay magma, probably at 
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the final stages of solidification. 

9.3.7 Bamesmore pluton 

(1) The Barnesmore pluton consists of several distinct granite members, three of 

which were sufficiently separated in time of intrusion to be demarcated by sharp 

contacts. The G2 granite comprises three facies namely the main G2, G2 porphyritic facies 

and G2 basic facies and the main G2 is the most abundant component of the pluton. 

(2) The rocks are made up of plagioclase, K-feldspar, quartz, muscovite, biotite, 

sphene, apatite, allanite, zircon, magnetite and ilmenite. 

(3) The Barnesmore granite is the most felsic of the Donegal plutons with Si02 

values ranging from 71.9 to 79.1%. It has low Ba, Sr, Zn, Zr, Sr/Ba, Sr/Y, Zr/Rb, total REE 

and high Nb, Pb, Rb, Th, Rb/Sr, Rb/Zr, Y /Zr and Rb/Ba 

(4) Modelling indicates that fractional crystallisation of a granodioritic magma (G1 

type) was the dominant process in the production of the geochemical variation in the 

Barnesmore complex. 

9.4 Tectonism and heat source. 

Although previous chemical studies have credibly interpreted some of the 

British Isles Caledonian granitic and volcanic rocks as part of a continental margin 

magmatic arc generated by subduction of Iapetus oceanic lithosphere, problems of 

distribution and timing arise when attempts are made to relate the magmatic activity as 

a whole to the subduction model. The problems of the subduction model for the 

Caledonian granites are as follow : 

(1) The distance between the trench and arc in subduction examples is normally 

greater than 90 km and is often 150 km or more. The approximate distance of the Scottish 

Highland granite plutons from the Iapetus is about· 150 to 200 km whereas the granite 

plutons from Southern Uplands are less than 50 km 

(2) The Caledonian granitic plutons fail to show the progressive space-time changes 

in chemistry which are characteristic of magmatism at a plate margin. 
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(3) The presence of a continuous magmatism over a period of at least 45 Ma in a 

subduction related batholiths. This is in contrast with the magmatic history of the 

Caledonian plutonism which is characterised by short periods of intense activity 

separated by periods of relative quiescence. 

(4) The rock types present in the Caledonian batholith vary from quartz 

monzodiorite to granite (s.s) and do not form a gabbro-granite continuum, typical of 

subduction environment. 

(5) Batholiths that developed in a subduction environment are elongated over a 

distance of more than 1000 km and parallel to the trench. Such batholiths in this 

environment usually comprise hundreds of plutons of variable diameter, from 1 to 50 km, 

whereas the Caledonian granites usually occur as separate small plutons, which are not 

elongated. 

The mantle plume model (Hill et al. 1992) has been suggested as an alternative to 

the subduction models. This model is preferred here since: 

(1) There is similarity in the 'stratigraphy' of the Caledonian magmatism in 

Donegal compared to that in a mantle plume area such as Karoo province. 

(2) The occurrence of high Ba granitic rocks in the Fanad pluton and the plutons of 

the Argyll suite and associated appinites can best be explained by melting in response to a 

deep heat supply and underplated mafic magmas (Stephens and Halliday 1984 ; Yarr 

1991; Tarney and Jones 1994). 

The basic magma formed in the plume can provide heat into the crust resulting in 

the production of the anatectic melts which gave rise to the Caledonian granites. 

9.5 Future work. 

(1) A detailed study of geochemistry and mineralogy of the individual plutons with 

more carefull, controlled sampling using a greater number of samples has to be done in 

order to understand more fully the petrochemistry of each of the plutons. Individual 

study is recomended for the Rosses, Fanad, Ardara,Trawenagh Bay and Main Donegal 
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.. plutons because the other two plutons (Thorr and Bamesmore) already have a substantial 

amount of chemical data and the modelling is good. 

(2) Detailed study of radiogenic isotope especially Sr, Nd, Smand Pb should be 

undertaken to determine the source region and other processes such as mixing and high 

level interaction. 

(3) The various types of enclaves that occur in the Donegal granites (Pitcher and 

Berger 1972) should be studied in more detail because they may provide information 

(Barbarin and Didier 1991) on the mode of emplacement, the origin of the granitic magma 

and the dynamics of magma chambers including magma interaction. 
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A. MODAL ANALYSIS. 

APPENDIX 1 

ANALYTICAL METHODS. 

Modes were determined for medium and coarse grained rocks by point counting 

(Appendix 2). The data were collected using a Swift Model E point counter fitted with an 

automated stage. Samples were either normal thin sections (area of rock approximately 

30 by 40 mm) or polished thin section that had been prepared for microprobe analyses. 

Usually the total counts were between 1500 - 2000 on each specimen in such way that the 

whole surface of the thin section was covered. 

Minerals counted were alkali feldspar, plagioclase, quartz, biotite, hornblende, 

muscovite, sphene, allanite, zircon, epidote, Fe-Ti oxide and apatite. Where 'tr' (trace) 

appears in the table it implies that the mineral was observed, but not point counted. 

B. SAMPLE PREPARATION. 

Wherever possible, 2 kg samples of the freshest available material were 

collected; however, certain samples such as some of the aplites and dykes were 

conSiderably smaller. The samples were firstly trimmed in order to remove any 

altered/wethered material. Some of the removed sawn slabs were used for photograph. 

The clean and freshest samples were split into 1 cm cubes using a hydraulic jaw-splitter 

and an automatic jaw-crusher, washed to remove dust, and dried ( at room temperature ) 

overnight. 

The chips were then reduced to powder by grinding in a "Tema" laboratory disc mill 

using a tungsten-carbide barrel. W, Co and Ta are known contaminants that could be 

introduced at this stage. Milling time was 30 seconds (150 micron) and another 15 seconds 

to reduce the size to 53 microns. The sample powder was not sieved as it is believed that 

this procedure introduces unnecessary inhomogeneity into the sample. The samples 

powder was then shaken and dried at 110 C for 12 hours. 
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C. WHOLE ROCK MAJOR AND TRACE ELEMENTS ANALYSIS. 

X-Ray Fluorescence Analysis 

Glass fusion disc were used in the analysis of major elements. Each disc was 

prepared by using a mixture of approximately 0.62 g (weighed to 4 decimal places) of 153 

microns of rock powder with 3.3 g of lithium borate flux in a ratio of 5.4321 : I, flux: rock, 

at 10000 C and casting the melt onto 4 cm diameter aluminium platterns. The resultant 

glass disc was then mounted on a backing disc for analysis. Powder pellets used in trace 

elements analysis, were prepared by mixing 7 g of 53 microns powder with 12 to 15 drops 

moviol binder solution (4 g Moviol + 10ml ethanol + 50 ml distilled water) . The resultant 

mixture was pressed into a 4 cm disc under 5 tons pressure and left dried before analysiS. 

Major oxide elements (Si02, Ti02, Al203, Fe203 (expressed as Fetot in data 

tables), MgO, MnO, CaO, Na20, K20, P20S) and trace elements (Ba, Ce, La, Cr, Nd, Nb, 

Ni, Pb, Rb, Sc, Sr, Th, V, Y, Zn and Zr) were analysed by X-Ray fluorescence at the 

Department of Earth Sciences, University of Liverpool; analyses are presented in 

Appendix 5. The equipment used was Siemens sequential X-Ray spectrometer. The major 

oxides were determined using Cr primary beam radiation generated at 50 kV and 40mA 

and trace elements using W beam radiation generated at 45kV and 60mA. Accuracy in 

major element analysis was checked by routine analysis of the USGS standard G2. Major 

element precision is given in Table l.c.l. Trace elements precision and detection limit 

values is given in Table l.c.2. 

Ferrous and Ferric iron analyoes. 

Ferrous iron was determined by wet chemical analysis. This involved attacking 

-0.5 g of rock powder with a mixture of HF and H2S04 and titrating with potassium 

dichromate solution using a sodium diphenylamine sulphonate indicator. The titration 

was undertaken in the presence of boric acid to complex flouride, and phosphoric acid to 

suppress ferric iron. The Fe203 concentration in the rock sample was calculated from the 

XRF total iron value and the wet chemical FeO analysis using the following relationship 

: Fe203 = Fe(XRF) -1.111 FeO (wet). 
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D. WHOLE ROCK REE ANALYSIS. 

The REE concentration was determined by using Inductive Couple Plasma (rCP) in 

the Department of Earth Sciences, Liverpool University. 

Sample preparation. 

1 g of powdered rock is weighted accurately into a Pt crucible and 3 g lithium metaborate 

added. The mixture was heated at lOOOoC for about 1 hour. The metaborate disc (sample 

+ lithium metaborate) was dissolved in complexing solution (lOg oxalic acid + 50 ml cone. 

HCl + 5 ml H202 + deionised water to 1 litre). The fusion solution was loaded into the 

chromatographic glass column (2 g resin loaded onto the column). The resin was then 

washed with 50 mIl N HCI to discard of the major elements. At this stage, the REEs are 

held quantitatively on the resin (together with Sa,Sr,Zr and Hf). The REEs were 

stripped off the resin by using 7.5N HCI and boiled down using cone. HN03. Prior to rcp 

analyses the dry precipitated sample was dissollved in 10 ml10% HN03. 

D. MINERAL CHEMISTRY ANALYSIS. 

electron probe microanalysis (ePMA) Eneri)' Dispersiye system (eDS). 

Analysis of plagioclase, hornblende and biotite· were carried out at the 

Department of Earth Sciences, University of Manchester on a modified Cambridge 

Instruments Geoscan EPMA equiped with a Link analytical 8.60 EDS and ZAF 4 software. 

All samples used were highly polished thin sections coated with a 20 nm carbon film. 

The operating conditions were: 15kV Electron beam accelerating voltage, 75 X

Ray take-off angle, 3nA specimen current on Cobalt metal with a count time of 40 

liveseconds, 2.5 KCPS output count rate from cobalt metal with 18% detection system 

dead time. The nominal beam width was 1 micron. 
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Element sigmall-l 

SiOa 72.60 0.24 

TiOz 0.30 0.0041 

Alz03 14.27 0.094 

Fez03 1. 76 0.015 

MnO 0.16 0.0040 

MgO 1.46 0.046 

CaO 1. 86 0.0063 

NazO 5.81 0.101 

KaO 4.10 0.011 

PzOs 0.08 0.012 

Table l.c.l: XRF major element precision. 

Element 

Sa 
Ce 
La 
Nd 
Ni 
Pb 
Rb 
Sc 
Sr 
Th 
V 
Y 
Zn 
Zr 

Detection limit 

41 
21 
10 
6 
5 
7 
5 
3 
3 
8 
4 
4 
5 
3 

Precission 
c% 

0.0436 
0.0045 
0.073 

0:0372 
0.01617 
0.1132 
0.1005 
0.0583 
0.1233 
0.0685 

0.01227 
0.0063 
0.0907 
0.0192 

eX 

0.33 

1. 36 

0.66 

0.86 

2.46 

3.15 

0.34 

1. 74 

0.27 

15.1 

Table l.c.2: Trace elements precision and detection limit of the trace 
element analysis. 



APPENDIX 2 

MODAL DATA 

2.1 Thorr pluton. 

2.2 Rosses pluton. 

Sampell to 32 from the Geology Department, University of Liverpool. 

2.3 Ardara pluton. 

Sample ARt to ARB (inner unit) from the Geology Department, University of Liverpool. 

2.4 Fanad pluton. 

2.5 Main Donegal pluton. 

2.6 Trawenagh Bay pluton. 

~ 

AU modes determined by the author unless otherwise stated (Source). 
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APPENDIX 2.1 

THORR PLUTON. 

Sample No. 686 4267 1 42677 590 4268 1 43937 43908 43944 42660 42709 42701 43896 
Unit Hbl-bear Hbl-bear Hbl-bear Hbl-bear Hbl-bear Hbl-bear Hbl-bea r Hbl-bear Hbl-bear Contact Conlact Contact 
Source 

Plagioclase 56 .7 
Qua rtz 18 
K- feldspar 4.8 
Biotite 16.5 
Hornblende 2.2 
Apatit e 0 . 1 
Sphene 1.4 
Epidote 0. 1 
Opaque t r 
Allanite. 0 .1 
Zircon t r 
Muscovite 0 

TH6 

4 1.1 
t 8.3 
23 

12 .1 
4 .1 
0 .2 
0.6 
0.2 

0 .1 
0 .1 
a 

3114 

39 .3 
17 .5 
tr 

9 .3 
1.7 
0 .1 
1.2 
0 .5 

tr 
tr 
a 

33 

45 .4 
14 .2 
2 1.5 
12.9 
2.8 
0 .4 
1.2 
0 .5 
0 .4 
0 .2 
tr 
a 

35A 

44 .6 
14 

24 .1 
13.6 
1.8 
0.1 
0 .4 

1 
0.3 
tr 
tr 
a 

35B 

43 .4 
23 .4 
17 .5 
12 .8 
0 .9 
0 .1 
0 .3 
0.3 
0.7 
tr 
tr 
a 

36 

28.2 
26 .6 
23 .9 
20.4 

tr 
0 .3 
t r 

0.2 
tr 
tr 
tr 
a 

37 

34 .6 
23.7 
20.8 
15.3 
2 .9 
0.4 
0.8 
0 .2 
0 .3 
tr 

0 .2 
a 

38 

32.7 
16.7 
32.7 
12 .3 
2.4 
0 .2 
0 .8 
1.7 
Ir 
tr 
tr 
a 

39 A 

54 .4 
18 .7 
2.5 
17 .9 
a 

0 .4 
0.1 
a 
o 
a 
a 

5 .8 

39B 

39.2 
25 

16.6 
15.6 
a 
a 
a 
o 

0 .5 
a 

0. 1 
2.7 

40 

42 .7 
37 .5 
19 .7 
12. 1 
o 
a 
a 
a 

0 .1 
a 
a 

2 .3 

42 Sample No. 
Unit 
Source 

Contact Contact Contact Trans Contact Hbl -bear Contact Hbl-bear Hbl-bear Hbl-bear Hbl-bear Contact 
Og lethorpeOglethorpe Oglethorpe Oglethorpe Oglethorpe Oglethorpe Oglethorpe Oglethorpe Ogleth orpe Og lethorpe Oglethorpe Oglethorpe 

Plagioclase 5 1 .5 
K-teldspar 6.6 
Quartz 9.2 
Biotit e 24.9 
Hornblende a 
Muscovite 6. 1 
Sphene 0 
Epidote 0 
Ap atit e 1.5 
Opaque a 
Zircon 0 .2 
Tourmaline a 

Sample No. 48 

47 .9 
19.5 
8. 1 

17.2 
a 

5.6 
o 
a 

1.2 
0 .4 
0.1 
a 

50A 

54 .2 
1.9 

23.9 
16 .6 
o 

2 .9 
a 
o 

0 .4 
a 

0 .1 
a 

52 

54 
5.7 

2 1.9 
16 .7 
o 

0.3 
0.2 
0 .2 
0 .1 
0 .8 
0 .1 
a 

53 

59. 1 

18.8 
20.4 

a 
0 .3 
a 
a 

0.2 
a 

0 .2 
a 

54 

50.4 
11 .1 
15 .4 
16.3 
4.4 
a 

1.6 
0 .1 
0 .3 
0 .4 
a 
a 

59 

58 .3 
2.5 
16 .9 
21 .2 

o 
0 .2 
a 
a 

0 .6 
0 .2 
0 .1 
a 

253 

5 1 
9 .3 
15 .6 
20.1 
2.6 
a 

0 .8 
0 .4 
0 .2 
a 
a 
a 

98 

57 .2 
10.8 
10 .4 
14 .8 
4 .3 
a 

1.6 
0 .7 
0 . 1 
0 .1 
a 
a 

246 

60 .8 
1.3 

13.4 
16.9 
4 .6 
0 .1 
1.5 
1 .1 
0 .2 
a 

0 .1 
a 

198 

49 .4 
t 4 .9 
12.3 
20.3 
1.5 
a 

0 .8 
0.2 
0 .5 
o 

0 .1 
a 

4 5 

52 .3 
12.6 
19.3 
14 
o 

1.2 
o 
o 

0 .3 
0 .3 
a 
a 

47 
Unit 
Source 

Hbl-bear Contact Contact Hbl-bear Hbl-bear Trans Contact Hbl-bear Hbl-bear Hbl-bear Hbt-bear Hbl-bear 

Plagioclase 
K-feldspar 
Quartz 
Bio tite 
Hornblende 
Muscovite 
Sphene 
Epidote 
Ap atit e 
Opaque 
Zircon 
Tourmaline 

Og lethorpeOglethorpe Oglethorpe Ogleth orpe Oglethorpe Oglethorpe Oglethorpe Oglethorpe Ogleth orpe Og lethorpe Oglethorpe Oglethorpe 

47 .5 
18 .3 
19 .4 
11.7 
1.4 
o 

0 .7 
0 .7 
0 .2 
0 . 1 
o 
o 

48 .7 
18 .7 
7 .3 

2 1.5 
o 

2 .8 
o 
o 

0 .9 
0 .1 
a 
o 

49 .9 
12 .5 
14 .5 
19 .8 

o 
2 .8 
o 
a 

0 .5 
a 
o 
o 

46 .6 
2 1. 9 
15.7 

t 1 
1.7 
o 

0.9 
0 .9 
0 .7 
0 .5 
a 

0 .1 

50.1 
15 
18 

12 .2 
2. 1 
0 .1 
0 .9 
1.3 
o 

0 .3 
o 
o 

53 .2 
10 .7 
17.3 
17 
a 

0 .5 
0 .3 
0 .8 
0.1 
0 .1 
a 
o 

38 .8 
10 .1 
37 .6 
12.5 
a 

0 .4 
o 
a 

0 .5 
0 . 1 
o 
o 

47 .4 
29.3 
6 .1 

14 .3 
0 .3 
o 

0 .3 
1.8 
0 .2 
0 .3 
a 
o 

43 .3 
36.7 
1.8 
0 .3 
16.2 
a 

0 .9 
0 .1 
0 .6 
a 

0 .1 
o 

43 .9 
2 1.1 
20 
7 .5 
6 .7 
o 

0 .1 
0 .1 
0.4 
0 .2 
o 
o 

46. 1 
2 1.7 
15 .7 
14 .6 
0 .4 
o 

0 .5 
0 .4 
0 .3 
0 .3 
o 
o 

54 
15.5 
13 .3 
12 .5 

2 
o 

1.4 
0 .8 
0 .3 
0 .2 
o 
o 



APPENDIX 2.2 

ROSSES PLUTON 

Sample No. 
Unit 
Source 

Plagioclase 
Quartz 
K·feldspar 
Biotite 
Muscovite 
Apatite 
Epidote 
Opaque 

Sample No. 
Unil 
Source 

Plagioclase 
Quartz 
K·feldspar 
Biotite 
Muscovite 
Apatit e 
Epidote 
Opaque 

Sample No. 
Unit 
Source 

Plagioclase 
Quartz 
K·felqspar 
Biotite 
Muscovite 
Ap atite 
Epidote 
Opaque 

1 
Gl 

34 
43 . 1 
2 t . 1 
3.4 
0 .3 
tr 

0 . 1 
tr 

10 
G2 

30 .1 
45.1 
21.9 
2.3 
0 .3 
o 
tr 
tr 

2 1 
G3 

2 
Gl 

29 .2 
29 .4 
37 .2 
2.2 
1.4 
tr 

0 .3 
0 . 1 

11 
G2 

28 .7 
40 .1 
2 1.5 
8 .5 
0 .6 
tr 
o 

0 .2 

22 
G3 

24 .3 27 .03 
42 .7 39 .4 
29 .1 27.9 
2.7 3.1 
0 .5 1.8 
tr tr 

0 .5 0.1 
tr tr 

3 
Gl 

33 
34 .7 
28 . 1 
2 .9 
0 .4 
tr 

0 .4 
tr 

12 
G2 

27 .3 
40 .3 
29 .8 
2 .2 
0 . 1 
o 
o 
tr 

23 
G3 

44 .7 
28.7 
20 .7 
4 .5 

tr 
tr 
tr 

Sample No. ROSIOA ROS10B ROSIOC 
Unit G4 G4 G4 
Source 

Plagioclase 29 .44 
Quartz 39 .6 
K-feldspar 24 .3 
Biotite tr 
Muscovite 6 .3 
Ap atit e t r 
Sphene t r 
Epidote I r 

30 . 1 
40 .2 
25.2 
0.4 
5 
tr 
o 
o 

29 .3 
42 
21 
2 
5 
tr 
tr 
tr 

4 
Gl 

33 .3 
34 .3 
26.7 
3 .8 
1.3 
tr 

0.1 
tr 

13 
G2 

34 .9 
33.1 
29.3 

2 
0 .2 
o 
o 

0 . 1 

24 
G3 

32. 1 
41 .8 
21 . 1 
3 .7 
0 .4 
tr 

0.6 
tr 

5 
Gl 

32 .5 
34 .1 
29 .2 
3.2 
0 .6 
tr 

0.1 
tr 

14 
G2 

37.7 
31.3 
27 .5 
2 .9 
tr 
o 

0.1 
tr 

25 
G3 

32 .8 
30 .2 
32 .7 
2 .5 

tr 
0 .4 
tr 

6 
Gl 

31 .5 
30.8 
34 .7 
2.3 
0 .3 
tr 

0.2 
tr 

15 
G2 

30.8 
37 .7 
28 .2 
2.9 
tr 
tr 
tr 

0 . 1 

26 
G3 

29 .1 
41 .1 
25 .2 
3 .5 
0 .4 
tr 
tr 
tr 

7 
Gl 

28 .3 
28 .9 
39.5 
2 .6 
0 .2 
tr 

0 .2 
tr 

16 
G2 

43 
27 .2 
23.9 
4 .5 
0 .9 
tr 
tr 
tr 

27 
G3 

32. 4 
40.7 
23 
3 

0 .7 
tr 
tr 
tr 

8 
Gl 

29. 4 
39 .3 
27 .4 
3 .2 
0 .4 
tr 
tr 
tr 

17 
G2 

31.9 
36 .7 
26 .2 
4 .4 
0 .5 
tr 
tr 
tr 

2 8 
G3 

31 .9 
35 .7 
28.7 
2 .5 
0 .6 
tr 

0 .3 
tr 

9 
Gl 

30.2 
35 .5 
28 .2 
4 .2 
0 .9 
tr 

0 .4 
0 . 1 

18 
G2 

37 . 1 
29 .6 
27 .1 

4 

0 . 1 
0 .1 
0 . 1 

29 
G3 

42 .8 
32.1 
21 .1 
3 .4 
0 .2 
tr 

0 .1 
tr 

ROSll ROS12 R0S4 
Gl Gl Gl 

31.2 
34 
36 
3 .2 
0 .6 
tr 
tr 
tr 

19 
G2 

36 
32.8 
24 .6 
4 .2 
1.5 
tr 
tr 
tr 

30 
G3 

32.5 
37 .7 
25. 5 
3 . 1 
0 .6 
tr 

0 .3 
tr 

33 .2 33 .5 
35 .2 29 .5 
36 .5 32 .5 

2 3 
0 . 1 0 .6 
tr tr 
tr tr 
tr tr 

2 0 ROSS 
G2 G2 

34 
28.8 
32 .4 
3 .6 
0 .5 
tr 

0 .3 
0 . 1 

31 
G3 

3 4 
36.5 
24 .1 
3 .8 

Ir 
0 .2 
tr 

32 .4 
34 .3 
27 .8 
3 .4 
1.3 
tr 
tr 

0 .5 

32 
G3 

37 .7 
34 .7 
22 .6 
3 .4 

tr 
0 .3 
tr 



APPENDIX 2.3 

ARDARA PLUTON 

Sample No. 224 
Unil Outer 
Source Akaad 

Plagioclase 53 .8 
Quart z t 1 .6 
K·feldspar 1 6 
Biotite 16 .6 
Hornblende 0 .4 
Apatite 0 .4 
Sphene 0 .6 
Epidote 0 .6 
Opaque t r 

249 
Outer 
Akaad 

44 .6 
14 .4 
25 .8 
11.8 
1. 1 
0 .4 
0 .6 
1. 1 
0 . 1 

250 
Outer 
Akaad 

49 .7 
11 .7 
22 .4 
10 .2 
3.4 
0 .4 
1.2 
O.S 
t r 

2 5 1 
Outer 
Akaad 

54 . 1 
10 .2 
15 .5 
13 .7 
2 .9 
0 .3 
0 .8 
2 .3 
0.1 

Sample No. AR5 AR6 AR7 ARS 
Unit Outer Outer Outer Outer 
Source 

Plagioclase 44 .1 0 
Quartz 17.80 
K·feldspar 14 .90 
Biotite 14 .50 
Hornblende 5 .60 
Ap atit e 0 .30 
Sphene 0 .50 
Epidote 1 . 1 0 
Opaque 0 .50 

196 

43 .40 
18 .00 
IS .80 
1 t .20 
6 .60 
0 . 10 
0 .20 
0 .60 
0 .2 0 

2 0 9 

45 .50 
15 .60 
19 .50 
11 . 10 
5 .30 
0 . 10 
0 .30 
1.40 
0 .30 

2 13 

47 .50 
19.90 
15 .20 
12 .00 
3 .70 

t r 
t r 

0 .60 
0 .30 

22 

2 54 
Outer 
Akaad 

39 .3 
14 .9 
25 .7 
15.7 
1.7 
0 .7 
0 .8 
1.2 
tr 

222 

256 
Outer 
Akaad 

40.2 
18 .3 
24 . 1 
14 .5 
1.4 
tr 
1 

0 .4 
tr 

224 

26 1 
Outer 
Akaad 

41.2 
13.1 
2 1.6 
17.4 
3 .4 

1.3 

tr 

233 

30 2 
Outer 
Akaad 

45 
14 .7 
20 

11.5 
6 .3 
0 .6 
1.3 
0 .6 
tr 

2 81 

ARI AR2 AR3 
Outer Outer Outer 

45 .70 43 .30 49 .20 
14 .20 20. 10 14 . 10 
19 .00 18 .70 14 . 10 
11 .60 9 . 10 13 .20 
6 .00 6.70 6 .10 
Ir Ir 0 .40 

0 .30 0 .30 0 .2 0 
2. 20 0 .80 1.70 

tr 0.10 0 .30 

ARD4 ARD2 

AR4 
Outer 

43.6 0 
16 .00 
16 .20 
13 .50 
7 .40 
0 .30 
0 .50 
1. 10 
0 .70 

Sample No. 
Unit 
Source 

Intmdte Intmdte Intmdte Intmdte Intmdte Intmdte Intmdle Intmdte Inl mdte Intm dte 

Plagioclase 
Qua rt z 
K-feldspar 
Biotit e 
Hornblende 
Ap atite 
Sphene 
Epidote 
Opaque 

Sample No. 
Unit 
Source 

Plagioclase 
Quart z 
K-feldspar 
Biotite 
Hornblende 
Ap atit e 
Sphene 
Epidote 
Opaque 

Akaad Akaad Akaad Akaad Akaad Akaad Akaad Akaad 

46 .8 
12 .5 
15 .7 
14 .7 
3 .3 
0 . 1 

4 .8 

544 
Inner 

Akaad 

45. 3 
26 ,6 
22, 7 
4 .7 
o 
tr 
tr 

0 ,7 
tr 

48 , 1 
15 
1 5 

12.4 
6 
tr 
1 

2 .5 
tr 

552 
Inner 

Akaad 

50 
27 ,5 
t 4 ,8 
7 ,5 
o 
tr 

0 .2 
tr 
tr 

46 ,4 
14 .3 
15 ,5 
13 ,7 
6 ,8 
tr 

1. 2 
2 ,1 
tr 

558 
Inner 

Akaad 

56 
2 1.6 
13 ,6 

8 
0 . 1 
tr 
tr 

0 .8 
tr 

44 ,6 
16.4 
18 .8 
10.4 
6 ,3 
lr 

0 ,7 
2. 7 
tr 

56 1 
Inner 
Akaad 

5 3 
20 ,2 
14 ,6 
8 ,8 
o 
t r 

0 . 1 
3 .4 
tr 

46 .9 
12 ,3 
14 .8 
11 .3 
11 ,2 
tr 

1,4 
1.9 
tr 

565 
Inner 

Akaad 

42 ,2 
23 , 1 
27 ,4 

7 
o 
tr 

0.1 
0 ,2 
0 , 1 

46 .5 
16 .9 
16 
14 
5 
t r 
tr 

1.6 
tr 

60 3 
Inner 

Akaad 

56 ,7 
17 ,6 
16 
9 
o 
tr 
tr 

0 ,7 
tr 

55 ,6 
14 .7 
11.1 
11.2 
5 .4 
tr 
tr 

1.9 
tr 

605 
Inner 
Akaad 

47.8 
33 ,6 
12 .6 

4 
o 
tr 
tr 
tr 
tr 

47 .5 
14 . 1 
12 .5 
15 .4 
5. 6 
tr 
tr 

4 .9 
tr 

608 
Inner 

Akaad 

49 .2 
20 .9 
16.6 
10.7 

o 
tr 

0 ,5 
2 .1 
tr 

5 1.4 
30 .2 
10 .6 
6 .5 
0 .7 
0.4 
0 .4 
0 .3 
0 .5 

60 9 
Inner 
Akaad 

47 .6 
23 . 1 
13 
9 .5 
o 
tr 

0 . 1 
1.7 
tr 

49 .7 
25 ,5 
14 ,8 
7 . 1 

1 
0 .3 
0. 2 

tr 

ARDII 
Inner 

43 .2 
2 2 .3 
28 .3 

9 
o 
tr 

0 .2 
0 .6 
tr 

ARD10 ARD13 
Inner Inner 

40 4 2 
25.7 23 . 1 
25. 6 2 1 

9 8 .5 
o 0 
tr tr 
t r 0 , 1 

0 ,7 0 .2 
tr 0 , 1 



APPENDIX 2.4 

FANAD PLUTON 

Sample No. FAN 18 FAN2 FAN23 FAN43 FAN41 FAN29 FAN46 
Unit Fan Pen Fan Pen Rosguill Melmore Fan Pen Rosguill Rosguill 
Source 

Plagioclase 57.9 50 50 .6 70 56 45 .4 53 
K- feldspar 11 .9 15.7 14 .3 2 10 16 .6 15 .1 
Quart z 6 15 17 .2 5 11 24 .5 13 .3 
Biotite 18 . 1 13 .7 15.8 14 12 11. 1 12 . 1 
Hornblende 4 .9 1.4 0 .6 7 10 0 4 
Muscovite 0 0 0 0 0 0 0 
Sphene 0 . 1 1 0 .3 0 .6 0 .4 0 .3 0 .8 
Epidote 0 0 0 0 0 0 0 
Apatit e 0 .4 0 .5 0.2 0.4 0 .1 0 .7 0 .4 
Opaque 0 . 1 1.2 0 .9 0 .6 0 .5 0 .6 
Zi rcon 0. 1 tr 0 .2 tr tr 0 tr 
Allanite 0 . 1 tr 0 tr 0 0 .7 0 .2 

APPENDIX 2.5 

MAIN DONEGAL PLUTON 

Sample No. l a 1 b 2a 2b 3a 3b 3 c 4a 4b 4c 
Unit Dark Dark Dark Dark Dark Light Light Light Light Light 
Source Berger Berger Berger Berger Berger Berger Berger Berger Berger Berger 

Plagioclase 6 4.4 60 .2 55 .3 5 1.4 58 .9 36 38 .6 28 .3 56 .8 25. 9 
K- feldspar 2. 8 0 0 5 .7 0 28 .2 26 .8 35 .3 10.5 2 1.8 
Quart z 18 27 .1 31 .7 28 .2 26.5 30.9 28 .5 27 .9 24 . 1 45 . 1 
Bio tite 13 11 .6 10 .5 12 13 4 .8 3 .8 4 .2 6 .2 4 . 1 
Muscovite 1.9 1 2.2 2. 5 1.3 0 .6 2 . 1 3 .7 2 .4 2.9 
Apatit e 0 . 1 0 . 1 0 .2 0 .2 0 . 1 0 .2 0 . 1 tr 0 . 1 0 . 1 
Qpaque 0 . 1 0.1 0 .2 0 .3 tr 0 .3 0 .2 0 . 1 tr tr 
Epidote tr tr 0 .2 0 .1 tr 0 . 1 tr tr 0.1 0 . 1 
Epidote tr tr 0 .2 0.1 tr 0 . 1 tr tr 0 . 1 0 . 1 

APPENDIX 2.6 

TRAWENAGH BAY PLUTON. 

Sample No. TRA4 TRA7 TRA3 TRA2 TRA1 TRA5 TRA6 

Unit Mugra Mu gra Mu gra Bi gra Bi gra Bi gra Bi gra 
Source 

Plagioclase 25 .5 23 27 .6 39 .9 25.5 36 .9 36 .5 
K-feldspar 34 38.4 3 8 .4 22.9 34 31 .9 32 .5 
Quartz 36 .5 30 .6 27.7 3 1.2 36 .5 26 .6 24.6 
Biotite 0 0 0 4 .8 3 .9 5. 1 4 .7 
Muscovite 3 .9 7 .8 4 .6 0 .4 0 .6 0 .4 0 .6 
Ap atite 0 0 tr 0 .3 0 .1 0 .1 tr 
Opaque 0 0 0 tr tr tr tr 
Garnet tr tr 0 .9 0 0 0 0 
Epidote 0 0 0 0 .5 0 .2 0 .3 tr 
Allanite 0 0 0 tr tr tr tr 



APPENDIX 3 

PREVIOUS WHOLE ROCK MAJOR AND TRACE ELEMENT 
ANALYSES 

3.1 Thorr pluton (Oglethorpe 1987). 

Hb bear: Hornblende bearing normal facies. 

Hb free: Hornblende free normal facies. 

Contact: Contact facies. 

Trans : Transitional facies. 

3.2 Rosses pluton (Mercy 1957) 

Porp : Porphyry dykes. 

Mg : Microgranite. 

3.3 Ardara pluton (Yarr 1991). 

3.4 Appinitic rocks associated with Ardara granite (Yarr 1991). 

3.5 Barnesmore pluton (Dempsey 1987). 

G2BF : G2 basic facies. 

G2PF : G2 porphyritic facies. 

3.6 Main Donegal pluton (Curtis.in Atkin 1977). 

Light: Light band. 

Dark: Dark band. 

184 



APPENDIX 3.1 : THORR (OGLETHORPE 1987) 

Sample T5H T7H T9H T10H nOSH T11H T21H T75H T7BH TB2H 
Unit Hb·free Hb·free Hb·free Hb-free Hb·free Hb·free Hb·free Hb·free Hb·trea Hb·free 

Si02 74.05 72.00 70.6B 72.01 72.27 72.15 68.68 75.19 71.57 70.64 
Ti02 0.29 0.33 0.37 0.30 0.30 0.30 0.49 0.15 0.38 0.39 
A1203 13.98 15.03 15.25 14.76 14.70 15.24 15.43 12.44 13.77 14.26 
Fa203 0.60 0.79 0.83 0.68 0.61 0.72 1.16 0.65 1.19 0.90 
FeO 0.54 0.92 0.96 0.92 0.99 0.78 1.36 0.08 0.78 1.21 
MgO 0.46 0.94 0.95 0.85 0.89 0.96 1.14 0.20 0.76 0.93 
CaO 1.18 1.82 2.06 1.86 1.87 1.79 2.30 0.49 1.51 1.85 
Na20 3.52 4.00 3.86 3.96 3.88 4.0B 3.39 3.28 3.49 3.13 
K20 5.18 4.17 3.87 3.83 3.81 3.89 4.72 5.46 5.30 5.22 
P205 0.05 0.11 0.11 0.09 0.21 0.09 0.11 0.04 0.11 0.13 
MnO 0.04 0.05 0.05 0.05 0.05 0.05 0.01 0.05 0.04 0.05 

Sa 1212 766 740 753 703 816 1091 244 964 1646 
Ce 64 29 57 36 30 30 78 47 88 86 
Cr 15 18 22 18 16 17 16 20 30 2B 
La 41 14 2B 12 16 16 49 29 56 63 
Nd 24 12 23 14 14 14 30 n.d n.d n.d 
Ni 10 10 9 8 B 8 6 12 19 22 
Pb 22 27 30 29 27 27 21 n.d n.d n.d 
Rl 90 137 146 137 132 124 93 149 98 96 
So 4 3 2 1 2 1 2 2 4 3 
Sr 494 366 392 377 369 400 440 97 349 544 
Th 7 10 13 10 11 8 9 n.d n.d n.d 
V 45 28 30 27 26 26 40 10 27 33 
Y 12 10 13 7 5 6 14 11 41 11 
Zn 60 36 44 38 38 39 41 21 41 39 
Zr 213 100 117 101 98 102 211 58 46 50 
Cu n.d n.d n.d n.d n.d n.d n.d 106 79 316 
LI n.d n.d n.d n.d n.d n.d n.d 18 34 22 

Sample T31S T31S T42S T50AS T52S T65S T69S T72S T73S T85S T91S T96S 
Unit Contact Contact Contact Contact Contact Contact Contact Contact Contact Contact Contact Contact 

SI02 56.89 57.37 67.57 63.94 61.71 70.06 60.07 69.26 67.51 67.24 66.16 70.37 
Ti02 0.86 0.79 0.57 0.65 0.69 0.39 0.77 0.49 0.59 0.57 0.55 0.48 
A1203 20.10 19.39 16.60 17.76 18.08 15.81 18.20 15.95 16.75 16.38 18.31 14.55 
Fe203 0.62 0.84 0.44 0.28 0.76 0.19 1.04 0.50 0.20 0.90 0.61 0.79 
Fee 4.10 3.49 2.68 3.76 3.67 1.22 3.55 2.57 2.37 2.69 3.03 2.41 
MgO 3.58 3.33 1.72 2.19 2.23 0.63 2.25 1.76 1.15 1.91 1.61 1.40 
CaO 4.12 3.68 2.88 3.43 3.44 1.40 3.35 2.31 2.83 3.37 2.64 2.45 
Na20 2.97 2.69 3.49 3.29 3.36 3.10 2.85 3.43 3.19 3.77 3.78 3.45 
K20 4.11 5.45 3.36 3.71 4.05 5.15 5.26 3.46 4.02 2.66 3.76 2.31 
Pa05 0.81 0.79 0.43 0.45 0.56 0,05 0.94 0.32 0,36 0.21 0.27 0.05 
MnO 0.05 0.04 0.07 0.05 0,06 0.03 0.08 0.08 0.04 0.07 0.05 0,04 

Sa 1354 2051 1431 1223 1537 1378 1827 1195 1203 1090 1454 '363 
Ce 19 17 42 47 23 68 90 16 54 52 35 40 
Cr 64 47 26 32 34 16 32 23 54 50 45 50 
La 4 10 21 2& 11 37 50 8 28 34 HI 25 
Nd 18 15 17 24 15 31 47 10 24 n.d n.d n.d 
NI 23 18 9 11 12 8 12 9 8 33 28 32 
Pb 33 41 22 20 22 39 30 23 28 n.d n.d n.d 
Rl 132 144 127 110 107 114. 138 100 103 fI2 94 83 
So 18 16 5 8 4 4 9 15 7 10 8 8 
Sr 741 766 603 666 696 424 536 526 522 717 683 446 
Th 1 1 6 10 2 18 18 4 11 n.d n.d n.d 
V 98 88 51 83 64 30 69 46 45 64 57 68 
Y 66 66 16 24 35 15 59 4 26 5 31 4 
Zn 95 85 60 76 82 24 79 155 54 60 6G 58 
Zr 196 186 250 272 280 126 312 223 242 55 52 42 
Cu n.d n.d n.d n.d n.d n,d n.d n.d n.d 125 97 108 
LI n.d n,d n,d n.d n.d n.d n.d n.d n.d 25 35 51 



APPENDIX 3.1 : CONTINUED - THORR. 

Sample T33S T37S Tl13S Tl16S Tl18S T121S T126S T127S T213S T222S T224S T234S 
Unit Contact Contact Contact Contact Contact Contact Contact Contact Contact Contact Contact Contact 

Si02 67.82 56.75 66.10 63.88 71.89 68.75 64.53 70.01 66.89 71.11 67.61 69.98 
Ti02 0.67 0.88 0.83 0.69 0.44 0.56 0.68 0.85 0.55 0.40 0.55 0.44 
AI203 16.44 20.16 16.67 16.59 14.53 15.81 16.96 14.20 16.15 14.75 15.91 15.90 
Fa203 0.61 0.80 1.27 1.28 0.74 0.77 1.11 0.93 1.16 0.74 0.81 0.80 
FaO 2.68 4.04 2.88 3.32 2.08 2.67 3.31 2.55 2.66 1.79 2.35 2.15 
MgO 1.72 3.56 1.35 1.86 1.34 1.49 1.77 1.41 1.60 1.18 1.38 1.32 
Cae 3.19 4.08 2.33 3.59 2.73 3.01 3.14 2.05 2.92 2.69 2.78 2.89 
Na20 3.06 3.07 3.26 3.67 3.51 3.75 3.62 3.09 4.04 3.70 3.81 4.11 
K20 2.63 4.26 4.01 3.04 2.23 1.99 3.39 3.55 2.74 1.98 3.84 1.48 
P205 0.18 0.81 0.01 0.25 0.08 0.12 0.12 0.07 0.09 0.13 0.24 0.08 
MnO 0.04 0.05 0.03 0.06 0.03 0.05 0.05 0.05 0.05 0.04 0.06 0.04 

sa 506 1352 1225 1440 497 724 1364 1304 836 693 1494 336 
Ca 47 19 166 37 39 86 102 132 163 62 36 47 
Cr 50 67 41 47 38 39 44 36 42 38 36 39 
La 24 9 109 20 24 61 62 88 92 44 24 30 
Nd 21 13 n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
NI 15 24 27 32 30 27 32 28 29 25 25 27 
Pb 22 35 n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
R> 85 135 147 72 62 31 62 58 90 45 110 63 
So 12 17 14 8 8 6 10 8 10 5 4 8 
Sr 642 741 563 745 564 669 657 521 494 543 620 468 
Th 8 3 n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
V 62 96 51 72 49 64 65 53 57 45 50 52 
Y 20 65 18 22 7' 20 17 10 23 10 10 6 
Zn 64 98 71 70 52 48 66 46 64 44 56 49 
Zr 205 190 49 46 72 52 53 47 49 38 41 42 
Cu n.d n.d 107 92 169 92 113 99 264 392 126 122 
LI n.d n.d 36 36 26 35 30 30 81 46 113 75 

Sample T113S TIleS T118S T121S T126S T127S T213S T222S T224S T234S T249S T253S 
Unit Contact Contact Contact Contact Contact Contact Contact Contact Contact Contact Contact Contact 

8102 66.10 63.88 71.89 68.75 64.53 70.01 66.89 71.11 67.61 69.98 66.70 83.78 
TI02 0.83 0.69 0.44 0.56 0.68 0.65 0.55 0.40 0.55 0.44 0.49 0.80 
AI203 16.67 16.59 14.53 15.81 16.96 14.20 16.15 14.75 15.91 15.90 16.27 16.87 
Fe203 1.27 1.28 0.74 0.77 1.11 0.93 1.16 0.74 0.81 0.80 0.71 0.59 
FaO 2.88 3.32 2.08 2.67 3.31 2.55 2.66 1.79 2.35 2.15 2.73 2.98 
MgO 1.35 1.86 1.34 1.49 1.77 1.41 1.60 1.18 1.38 1.32 1.41 1.74 
Cae 2.33 3.59 2.73 3.01 3.14 2.05 2.92 2.69 2.78 2.89 2.84 3.02 
Na20 3.28 3.67 3.51 3.75 3.62 3.09 4.04 3.70 3.Bl 4.11 3.85 3.79 
K20 4.01 3.04 2.23 1.99 3.39 3.55 2.74 1.9B 3.84 1.48 3.63 4.33 
P205 0.01 0.25 0.08 0.12 0.12 0.07 0.09 0.13 0.24 0.08 0.21 0.29 
MnO 0.03 0.06 0.03 0.05 0.05 0.05 0.05 0.04 0.06 0.04 0.04 I 0.05 

sa 1225 1440 497 724 1384 1304 B38 893 1494 336 1 BOO 2210 
Ca 166 37 39 88 102 132 163 B2 36 47 24 28 
Cr 41 47 3B 39 44 36 42 3B 36 39 39 44 
La 109 20 24 61 62 88 92 44 24 30 14 15 
Nd n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
NI 27 32 30 27 32 28 29 25 25 27 27 29 
Pb n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
R> 147 72 62 31 62 58 90 45 110 63 154 165 
So 14 8 6 6 10 8 10 5 4 B 8 6 
Sr 563 745 564 669 857 521 494 543 820 466 744 838 
Th n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
V 51 72 49 64 65 53 57 45 50 52 51 57 
Y 16 22 7 20 17 10 23 10 10 6 28 19 
Zn 71 70 52 48 66 46 64 44 58 49 61 59 
Zr 49 46 72 52 53 47 49 38 41 42 40 151 
Cu 107 92 169 92 113 99 284 392 126 122 140 110 
Li 36 36 25 35 30 30 81 46 113 15 39 40 



APPENDIX 3.1 : CONTINUED - THORR. 

Sample T35AT T35BT T44T T59T T92T T93T T94T T95T T97T Tl02T Tl03T T278T 
Unit Trans Trans Trans Trans Trans Trans Trans Trans Trans Trans Trans Trans 

Si02 63.98 62.93 61.50 63.97 64.93 69.88 65.10 64.86 67.49 63.38 62.75 57.09 
Ti02 0.66 0.68 0.65 0.59 0.63 0.50 0.66 0.70 0.59 0.77 0.78 0.94 
AI203 17.47 18.28 17.96 17.12 16.16 14.71 16.44 16.59 15.41 16.78 17.10 18.73 
Fe203 0.79 0.67 0.57 0.79 1.06 0.58 1.06 0.89 0.94 1.05 1.68 1.73 
FeD 2.97 3.11 3.92 3.00 2.98 1.97 2.53 2.92 2.13 3.18 2.87 4.01 
MgO 2.49 2.74 2.48 2.11 1.67 1.18 1.65 1.65 1.39 1.81 1.99 3.13 
CaD 3.61 4.05 3.48 3.12 3.19 2.77 2.72 3.38 3.03 3.39 3.53 4.23 
Na20 3.51 3.55 3.14 3.74 4.00 4.05 4.06 4.17 3.95 4.36 4.21 4.47 
K20 2.78 2.84 4.61 3.56 3.79 2.25 4.93 3.30 3.16 3.86 3.84 2.84 
P205 0.32 0.30 0.52 0.27 0.32 0.15 0.30 0.26 0.17 0.28 0.28 0.34 
MoO 0.07 0.07 0.06 0.09 0.10 0.03 0.06 0.07 0.05 0.09 0.07 0.09 

Bs 1051 938 2212 1591 1601 705 2030 1546 1375 1990 1560 983 
QI 51 20 20 18 26 56 46 55 130 71 61 68 
Cr 50 52 36 30 26 34 43 41 43 42 44 85 
La 33 8 11 9 17 36 31 36 96 45 37 39 
Nd 22 9 13 12 n.d n.d n.d n.d n.d n.d n.d n.d 
NI 16 17 14 14 29 25 27 29 91 32 30 47 
Pb 19 19 17 16 n.d n.d n.d n.d n.d n.d n.d n.d 
R> 87 91 150 110 157 37 86 95 67 106 111 128 
Sc 6 6 6 7 6 7 6 7 6 9 8 14 
Sr 762 917 833 656 716 556 756 736 665 769 726 928 
Th 6 4 2 3 n.d n.d n.d n.d n.d n.d n.d n.d 
V 68 73 70 58 60 46 58 61 54 64 72 105 
Y 8 8 19 24 4 9 14 14 17 31 12 26 
Zn 66 66 90 68 69 41 56 66 52 69 72 94 
Zr 179 200 295 268 53 43 42 50 42 49 51 54 
Cu n.d n.d n.d n.d 121 109 137 85 94 81 87 225 
LI n.d n.d n.d n.d 61 58 85 1 I 1 91 115 123 53 

Sample Tl10T Tl11T T114T T115T T122T T123T T125T T128T T129T T133T T135T T180T 
Unit Trans Trans Trans Trans Trans Trans Trans Trans Trans Trans Trans Trans 

Si02 64.99 63.84 64.18 64.50 59.39 65.29 68.01 64.12 61.91 64.21 65.72 67.51 
TI02 0.64 0.67 0.58 0.59 0.76 0.62 0.50 0.62 0.92 0.63 0.70 0.35 
AI203 16.61 17.33 16.33 17.01 18.25 16.09 15.74 16.05 17.22 15.67 16.14 15.87 
Fe203 1.22 1.23 1.34 1.35 1.59 1.35 0.76 1.56 1.59 1.45 1.27 0.85 
FeD 3.64 3.04 2.50 2.87 3.46 2.48 2.24 2.96 3.14 3.02 2.61 1.67 
MgO 1.75 1.90 1.66 1.69 2.01 1.61 1.34 1.83 1.89 1.89 1.81 1.77 
CaD 3.34 3.78 2.87 2.92 2.87 3.15 2.67 3.42 3.41 3.41 2.59 1.83 
Na20 3.73 3.92 4.22 4.80 4.21 3.93 4.50 3.95 3.96 3.96 3.84 3.81 
K20 2.96 2.84 3.89 4.03 4.58 3.38 2.53 3.23 4.33 4.33 4.47 4.48 
P205 0.27 0.28 0.25 0.26 0.39 0.23 0.20 0.27 0.37 0.37 0.32 0.19 
MnO 0.05 0.07 0.06 0.07 0.09 0.06 0.09 0.07 0.08 0.08 0.05 0.08 

Bs 1158 1585 1599 1181 1492 1436 1427 1508 1187 1833 1467 1566 
QI 54 54 39 38 40 30 24 45 40 29 30 58 
Cr 42 51 41 37 48 41 38 43 40 40 48 45 
La 31 30 24 22 21 17 15 28 26 16 17 40 
Nd n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Ni 29 32 28 28 31 29 24 30 33 31 29 44 
Pb n.d n.d n.d n.d n.d n.d. n.d n.d n.d n.d n.d n.d 
R> 57 34 99 87 '11 100 163 54 70 151 85 141 
Sc 8 11 5 7 8 5 11 12 8 8 5 10 
Sr 684 822 766 600 648 719 629 764 854 817 SS5 865 
Th n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
V 65 72 59 59 66 59 48 68 102 65 66 49 
Y 18 20 11 15 25 11 19 18 10 14 20 14 
Zn 56 10 66 84 83 57 51 67 88 15 63 48 
Zr 59 58 54 43 51 52 64 68 58 45 52 49 
Cu 102 79 97 99 59 83 104 99 117 114 12 47 
Li 41 43 27 80 83 28 211 42 45 54 36 2S 



APPENDIX 3.1 : CONTINUED - THORR. 

Sample T193T T215T T216T T217T T218T T223T T226T T228T T229T T230T T231T T232T 
Unit Trana Trana Trans Trans Trana Trana Trans Trans Trans Trans Trans Trans 

Si02 88.12 84.55 85.51 85.87 84.45 65.38 84.60 85.32 66.65 63.29 63.63 64.15 
Ti02 0.75 0.63 0.66 0.66 0.66 0.67 0.66 0.66 0.68 0.69 0.76 0.67 
AI203 14.46 18.08 16.57 16.25 16.06 16.30 15.71 16.18 15.64 15.96 18.97 18.78 
Fe203 1.11 1.28 1.09 1.44 1.11 0.85 1.03 1.18 1.00 1.65 1.03 1.26 
FeO 2.99 2.69 2.70 2.63 2.83 2.60 3.22 2.68 2.28 2.51 2.85 2.69 
MgO 2.63 1.68 1.57 1.68 1.65 1.58 1.55 1.56 1.59 1.68 1.73 1.74 
CaO 2.12 3.15 3.13 3.21 2.80 3.05 3.27 3.25 3.20 3.17 3.24 3.12 
Na20 3.56 3.79 3.79 3.73 3.99 4.65 3.86 4.08 4.18 4.05 4.68 3.87 
K20 4.31 3.98 3.32 3.82 3.17 2.20 3.40 3.37 3.04 3.76 2.97 3.82 
P205 0.24 0.28 0.26 0.26 0.25 0.11 0.39 0.26 0.23 0.26 0.27 0.24 
MnO 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.08 0.06 0.07 0.05 0.06 

Sa 1288 1649 1579 1557 1488 1870 664 1218 1844 15B9 130B 1717 
CAt 72 32 41 31 65 41 127 47 49 38 69 102 
Cr 67 42 42 40 42 44 38 40 39 44 42 47 
La 49 20 24 20 43 23 85 31 29 18 44 71 
Nd n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Ni 58 30 30 30 29 32 28 30 30 30 28 30 
Pb n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Fb 92 119 127 89 84 77 64 55 99 141 56 86 
So 3 8 5 4 4 7 10 5 8 14 8 8 
Sr 940 657 877 720 661 724 538 645 645 709 688 729 
Th n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
V 70 59 62 65 55 64 52 53 54 58 58 63 
Y 9 12 12 8 11 14 11 10 19 50 13 13 
Zn 67 62 59 72 68 68 57 54 67 84 53 68 
Zr 73 43 45 45 48 51 39 43 45 47 47 43 
Cu 225 110 97 278 315 368 528 448 109 246 98 162 
LI 35 77 89 93 83 90 74 72 122 94 98 40 

Sample T233T T234T T235T T245T T247T T471 T481 T531 T541 T791 T811 
Unit Trans Trans Trans Trans Trana Hb·basr Hb·bear Hb·bsar Hb·basr Hb·bear Hb·bsar 

SiC2 65.52 83.78 83.05 61.85 84.89 82.31 63.77 63.96 64.42 66.16 87.04 
Ti02 0.58 0.73 0.69 0.75 0.87 0.72 0.70 0.73 0.68 0.58 0.57 
AI203 15.74 17.26 16.60 17.45 16.42 17.28 17.22 17.44 18.52 15.72 18.31 
Fe203 1.12 1.03 1.52 1.79 0.77 1.47 1.24 1.47 1.18 1.38 1.08 
FeO 2.29 2.91 2.51 2.70 2.73 2.71 2.84 2.83 2.57 1.89 2.24 
MgO 1.47 1.58 1.88 1.94 1.53 2.26 2.04 2.28 2.20 1.38 1.80 
CaO 3.10 3.45 3.50 3.78 2.88 3.70 3.43 3.88 3.23 2.74 2.68 
Ne20 4.07 4.14 3.80 3.79 3.92 3.53 3.51 3.54 3.58 3.79 3.41 
K20 3.43 3.44 3.91 3.82 3.97 4.18 4.32 4.15 4.23 4.43 4.42 
P205 0.23 0.26 0.27 0.28 0.28 0.41 0.38 0.38 0.30 0.20 0.20 
MoO 0.08 0.07 0.07 0.07 0.05 0.07 0.08 0.07 0.08 0.08 ' 0.08 

Sa 1430 1108 1739 1707 1378 2271 2103 1842 1809 1480 2442 
CAt 87 53 87 63 37 41 54 51 48 77 73 
Cr 40 42 44 51 41 32 27 29 31 39 42 
La 47 31 41 40 22 28 38 32 37 52 53 
Nd n.d n.d n.d n.d n.d 19 25 24 23 n.d n.d 
NI 28 31 34 34 29 12 11 13 13 28 28 
Pb n.d n.d n.d n.d n.d 18 21 21 21 n.d n.d 
Fb 82 178 88 75 73 72 78 71 73 83 81 
So 8 8 8 8 7 5 5 8 5 6 5 
Sr 898 745 751 789 1599 838 812 803 743 620 888 
Th n.d n.d n.d n.d n.d 5 8 8 7 n.d n.d 
V 52 65 84 72 55 88 60 87 59 49 55 
Y 11 13 12 17 14 14 13 14 14 12 14 
Zn 52 59 85 71 58 87 81 74 83 58 49 
Zr 40 55 46 46 43 308 292 305 294 56 43 
Cu 257 203 238 177 209 n.d n.d n.d n.d 155 110 
LI 73 104 69 116 60 n.d n.d n.d n.d 35 27 



APPENDIX 3.1 : CONTINUED - THORR. 

Sample T831 Te61 T881 Te91 T901 T9B1 T991 T1001 T1041 T1051 T1081 T21 
Unit Hb·bear Hb-bear Hb-bear Hb·bear Hb-bear Hb·bear Hb·bear Hb-bear Hb·bear Hb·bear Hb·bear Hb·bear 

Si02 64.05 61.83 65.56 63.20 63.08 63.98 64.08 63.72 62.95 64.78 62.93 64.21 
Ti02 0.69 0.81 0.70 0.73 0.66 0.76 0.87 0.71 0.67 0.73 0.73 0.54 
AI203 15.92 16.71 18.63 16.68 16.23 16.47 17.1B 15.99 17.10 16.24 16.54 16.55 
Fe203 1.26 1.76 1.44 1.73 1.58 1.54 1.41 1.59 1.62 1.82 1.81 0.93 
FeO 2.79 3.07 2.B3 2.38 2.29 2.62 2.25 2.42 2.32 2.33 2.41 2.37 
MgO 2.05 2.49 1.B2 1.98 1.58 1.83 1.99 1.71 1.63 1.71 1.75 2.52 
CaD 3.51 4.06 3.08 2.53 3.43 3.53 3.81 3.40 3.52 3.07 3.50 3.42 
Na20 3.82 3.B2 4.06 3.98 3.94 3.96 4.04 4.00 4.00 3.80 3.83 3.74 
K20 4.27 3.50 4.09 4.61 4.00 3.79 4.31 3.83 4.14 4.72 4.15 4.25 
P205 0.25 0.28 0.28 0.26 0.24 0.27 0.28 0.26 0.26 0.25 0.25 0.30 
MIlO 0.07 0.07 0.06 0.07 0.06 0.07 0.08 0.07 0.07 0.07 0.07 0.07 

Be 2142 1889 2111 2093 1921 1680 2189 1538 1978 2113 1974 1879 
Ce 72 57 59 87 62 59 79 83 88 84 72 89 
Cr 51 60 42 44 48 44 49 46 45 41 44 73 
La 48 33 39 45 40 39 52 39 44 40 44 38 
Nd n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Ni 35 40 29 28 28 31 31 31 29 30 30 40 
Pb n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Fb 53 55 52 84 60 91 80 60 52 66 61 89 
Sc 9 9 8 8 7 8 11 7 7 7 7 5 
Sr 836 972 919 823 860 742 763 702 876 619 836 1192 
Th n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
V 70 85 68 64 62 65 69 83 63 66 69 83 
Y 16 18 12 16 13 15 16 13 13 15 16 16 
Zn 66 74 65 58 60 59 54 64 56 66 65 57 
Zr 51 57 54 60 53 52 57 55 55 63 48 200 
Cu 124 101 124 90 133 113 141 99 90 85 125 n.d 
LI 28 38 24 53 20 108 64 80 42 30 31 n.d 

Sample T41 T61 T121 T181 T191 nOl T26A T231 T24AI T361 T381 T39AI 
Unit Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·beer Hb·bear Hb-bear lib·bear Hb·bear Hb-bear Hb·bear 

5102 88.58 87.57 85.49 89.54 64.27 71.28 64.22 62.39 68.07 60.4 61.97 60.05 
TI02 0.35 0.55 0.69 0.46 0.65 0.46 0.72 0.72 0.52 0.81 0.76 0.8 
AI203 14.77 18.08 16.78 15.2 18.38 15.4 18.74 18.18 15.33 18.9 17.51 18.48 
Fe203 0.36 1.09 1.61 0.75 1.28 0.7 1.53 1.57 1.06 1.3 0.99 1.38 
FeO 1.47 1.64 2.31 1.45 2.23 1.52 2.4 2.32 1.59 3.46 3.33 3.41 
MgO 1.74 1.47 1.85 1.06 1.92 1.11 2.11 2 1.43 3.12 2.76 3.41 
CaD 2.36 2.51 3.32 2.1 3.09 2.1 3.25 3.29 2.18 4.17 4.17 4.71 
Na20 3.77 3.88 3.48 3.62 3.77 3.63 3.77 3.67 3.66 3.44 3.5 3.61 
K20 3.9 4.31 4.42 4.96 4.31 4.77 4.02 4.21 4.83 3.72 3.8 3.42 
P205 0.2 0.2 0.21 0.11 0.21 0.14 0.3 0.27 0.16 0.54 0.42 0.32 
MIlO 0.04 0.06 0.06 0.05 0.08 0.05 0.07 0.07 0.06 0.07 0.07 0.08 

Be 1255 1212 2036 1034 1437 923 1437 1543 1173 1179 2440 1907 
Ce 53 84 54 77 87 73 52 57 73 88 81 82 
Cr 48 15 28 17 24 18 23 19 20 59 55 58 
La 26 41 34 45 40 43 36 31 43 37 37 37 
Nd 22 24 23 31 26 27 23 25 29 30 25 27 
NI 24 10 12 8 10 8 10 10 7 20 21 21 
Pb 18 22 20 23 21 22 20 19 23 18 18 19 
Fb 83 90 76 98 90 92 84 83 93 74 73 74 
Sc 2 4 5 2 4 3 5 4 1 8 5 9 
Sr 822 494 749 400 621 383 634 654 478 871 934 977 
Th 9 7 6 7 6 8 4 5 9 9 7 7 
V 42 45 66 35 60 33 65 87 42 86 76 87 
Y 9 12 8 12 11 8 10 12 13 21 17 19 
Zn 26 60 59 38 56 39 68 82 44 77 69 77 
Zr 139 213 2B8 17B 251 204 278 258 220 288 255 278 
Cu n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
LI n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 



APPENDIX 3.1 : CONTINUED - THORR. 

Sample T39S1 T401 T2561 T451 T1071 T1061 Tl091 T1121 TI171 T1191 T1201 T1241 
Unit Hb-bear Hb-bear Hb-bear Hb-bear Hb-bear Hb-bear Hb-bear Hb-bear Hb-bear Hb-bear Hb-bear Hb-bear 

SiC2 59.32 61.72 63.01 65.05 64.36 62.84 64.34 64.64 64.1 62.14 62.75 63.09 
Ti02 0.88 0.72 0.73 0.6 0.74 0.71 0.75 0.55 0.77 0.78 0.77 0.71 
AI203 18.26 17.86 17.11 16.59 16.86 17 16.55 16.76 16.73 16.45 16.94 17.18 
Fa203 1.72 1.5 1.69 0.86 1.82 1.84 1.75 1.28 1.8 1.76 1.88 1.67 
FeO 3.34 3.27 2.68 2.43 2.47 2.38 2.45 3.07 2.63 2.79 2.71 2.55 
MgO 3.32 2.92 1.82 1.89 1.8 1.77 1.77 1.67 1.85 1.97 2 1.82 
CeO 4.76 4.23 3.62 3.17 3.55 3.37 3.44 3.28 3.51 3.63 3.75 3.49 
Na20 3.5 3.47 3.93 3.38 3.79 3.9 3.91 4.09 3.95 4.14 4.06 4.35 
K20 3.5 3.17 4.14 4.26 4.1 4.18 4.14 3.89 3.67 4 3.92 3.89 
P2D5 0.41 0.3 0.27 0.21 0.27 0.25 0.26 0.26 0.26 0.27 0.28 0.25 
MnO 0.08 0.07 0.07 0.06 0.07 0.07 0.07 0.06 0.06 0.07 0.07 0.07 

Sa 1890 1897 2017 1958 1836 1938 1870 1756 1742 2024 1895 2027 
Ce 45 48 67 48 77 69 67 40 65 66 84 41 
Cr 61 56 43 34 44 44 47 43 49 49 46 42 
La 28 30 41 35 50 44 42 23 41 40 40 24 
Nd 23 18 n.d 19 n.d n.d n.d n.d n.d n.d n.d n.d 
NI 21 17 31 13 31 29 30 29 30 31 31 30 
Pb 17 18 n.d 20 n.d n.d n.d n.d n.d n.d n.d n.d 
Fb 73 79 66 72 53 58 64 71 69 79 65 97 
So 7 6 7 4 8 7 7 11 6 8 8 8 
Sr 971 921 880 764 811 832 834 703 909 881 892 880 
Th 8 8 n.d 9 n.d n.d n.d n.d n.d n.d n.d n.d 
V 91 80 71 54 70 68 68 62 75 73 74 67 
Y 20 13 16 9 16 15 15 19 13 16 9 11 
Zn 81 78 86 59 65 55 64 65 62 64 63 62 
Zr 309 297 52 263 53 60 66 56 56 55 46 52 
Cu n.d n.d 119 n.d 62 64 66 111 70 79 74 104 
LI n.d n.d 41 n.d 50 35 31 42 29 58 38 26 

Sample T1301 T1311 T1321 T1341 T2791 Tl791 T1831 T1841 T1851 T1861 T1881 T1901 
Unit Hb-beer Hb-baar Hb-bear Hb-beer Hb-bear Hb-bear Hb-baar Hb-bear Hb-bear Hb-bear Hb-baar Hb-beer 

SI02 62.32 62.00 62.78 62.39 62.16 68.74 84.36 63.66 66.95 66.01 68.98 65.22 
TI02 0.72 0.78 0.73 0.80 0.87 0.50 0.51 0.58 0.50 0.47 0.44 0.52 
AI203 16.84 16.87 17.61 17.01 17.72 15.23 16.43 16.11 14.94 15.66 14.65 15.16 
Fa203 1.62 1.61 1.61 1.61 1.49 1.36 1.31 1.40 1.20 1.14 1.20 1.21 
Fee 2.43 3.00 2.77 3.04 3.70 1.80 2.11 2.36 2.02 1.94 1.60 2.09 
MgO 1.93 1.98 1.92 2.10 2.88 2.03 2.24 2.44 2.04 2.07 1.74 2.26 
CeO 2.89 3.77 3.76 3.65 4.26 2.75 3.05 3.40 2.80 2.65 2.31 2.72 
Na20 4.07 4.01 4.26 4.08 4.30 4.07 3.91 4.13 3.98 3.96 3.95 4.17 
K20 4.51 3.80 4.24 3.91 2.74 4.53 4.24 4.17 4.29 4.31 3.97 4.07 
P2D5 0.25 0.28 0.28 0.29 0.32 0.23 0.24 0.26 0.22 0.21 0.19 0.24 
MnO 0.07 0.07 0.07 0.08 0.08 0.06 0.07 0.08 0.07 0.07 0.05 ' 0.07 

Sa 2160 1886 1908 1881 1331 1758 1949 1870 1788 3510 1378 1834 
Ce 60 73 64 57 80 87 83 85 81 83 89 81 
Cr 41 44 43 48 58 52 58 81 55 59 51 64 
La 38 49 40 35 50 55 50 49 52 49 39 47 
Nd n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
NI 30 32 31 32 45 49, 53 58 51 50 48 53 
Pb n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Fb 83 43 84 82 120 83 71 78 83 78 89 73 
So 7 8 8 8 15 7 8 9 8 7 6 7 
Sr 909 848 878 859 864 1114 1220 1311 1043 1170 962 1143 
Th n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
V 66 73 71 79 95 60 88 73 80 59 53 65 
Y 14 14 18 14 28 20 22 23 20 19 11 22 
Zn 83 70 64 74 89 53 58 83 47 81 54 55 
Zr 54 53 54 53 54 73 85 65 70 57 88 88 
Cu 105 109 142 70 267 128 56 81 182 109 184 199 
LI 51 58 44 49 58 18 20 22 20 17 21 20 



APPENDIX 3.1 : CONTINUED - THORR. 

Sample T1911 T1921 T1941 T1981 T1991 T2041 T2051 T2061 T2141 T2201 T2211 T2271 
Unit Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear 

Si02 64.86 64.11 65.43 63.66 65.43 66.54 67.71 85.50 64.05 63.29 65.98 64.55 
Ti02 0.51 0.60 0.54 0.54 0.58 0.51 0.44 0.52 0.72 0.71 0.76 0.70 
AI203 15.73 15.25 15.84 15.73 15.62 15.54 14.54 15.65 16.72 16.34 15.61 16.00 
Fe203 1.09 1.35 1.42 1.26 1.08 1.12 1.08 1.25 1.61 1.77 1.50 1.26 
Fee 2.19 2.56 2.16 2.20 2.55 2.04 1.77 2.14 2.49 2.33 2.58 2.70 
MgO 2.22 2.57 2.34 2.40 2.53 2.12 1.83 2.20 1.69 1.77 1.71 1.68 
CeO 2.86 3.49 3.67 3.06 3.18 2.89 2.62 3.18 3.73 3.22 3.15 3.26 
Na20 3.83 4.26 3.67 4.47 4.50 4.12 3.89 3.96 3.77 3.74 3.80 3.74 
K20 3.82 3.54 4.01 4.34 4.14 4.49 4.07 3.93 3.76 4.19 3.51 3.80 
P205 0.24 0.27 0.26 0.24 0.25 0.22 0.20 0.25 0.28 0.28 0.23 0.29 
MnO 0.07 0.07 0.08 0.07 0.07 0.06 0.06 0.07 0.07 0.07 0.06 0.07 

Sa 1677 1497 1875 1864 1649 1789 1158 1716 1707 1787 1486 1730 
Ce 77 78 80 72 75 74 65 77 13 58 100 12 
Cr 64 70 61 63 71 59 59 67 46 47 47 46 
La 44 48 44 45 46 45 39 43 43 37 69 46 
Nd n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
NI 55 65 61 57 60 54 50 58 32 32 31 31 
Pb n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Fb 73 40 77 82 78 87 65 73 61 71 71 110 
So 8 8 8 8 8 7 8 7 8 8 8 7 
Sr 966 1228 1194 1177 1200 1142 1009 1146 168 745 705 127 
Th n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
V 66 74 69 67 71 81 54 85 86 62 65 64 
Y 19 18 24 18 20 17 15 18 15 13 16 16 
Zn 52 64 65 56 60 53 46 56 62 65 70 62 
Zr 64 65 65 60 61 69 64 63 44 52 60 50 
Cu 142 180 218 239 126 230 287 315 264 359 126 539 
Li 21 18 16 20 25 19 17 17 81 70 88 9~ 

Sample T2361 T2371 T2501 T2511 T2521 12541 T2551 
Unit Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·bear Hb·beer 

SI02 64.29 63.62 64.82 62.79 70.22 62.37 63.40 
TI02 0.69 0.66 0.69 0.73 0.33 0.68 0.69 
AI203 16.58 16.09 15.51 16.68 13.41 17.87 16.45 
Fe203 1.31 1.33 1.61 1.65 0.38 1.32 1.44 
FeO 2.46 2.51 2.51 2.63 1.20 2.82 2.66 
MgO 1.67 1.66 2.05 1.78 0.72 1.85 1.88 
CeO 3.26 3.27 3.87 3.75 1.25 3.64 3.27 
Na20 4.18 4.17 3.47 4.13 3.78 4.22 3.91 
K20 4.03 4.19 3.34 4.14 5.38 4.18 4.38 
P205 0.25 0.25 0.24 0.27 0.12 0,24 0.25 
MnO 0.06 0,07 0.07 0.07 0.05 0.07 0.07 

Sa 1717 1795 1744 2123 736 2246 2202 
Ce 70 66 63 65 56 54 58 
Cr 38 43 52 45 24 46 49 
La 48 42 38 40 39 37 36 
Nd n.d n.d n.d n.d n.d n,d n.d 
NI 29 31 37 30 18 31 31 
Pb n.d n.d n.d n.d n.d n.d n,d 
Fb 61 65 52 85 140 92 58 
So 7 7 8 8 4 7 7 
Sr 771 779 812 865 293 949 885 
Th n.d n.d n.d n.d n.d n.d n.d 
V 62 62 72 68 23 86 68 
Y 14 14 17 14 14 12 12 
Zn 62 63 66 63 36 63 61 
Zr 51 45 54 50 49 48 53 
Cu 196 174 197 249 243 69 120 
LI 90 80 28 21 30 57 37 



APPENDIX 3.2 : ROSSES PLUTON (MERCY 1957) 
"-

Sample 87P 82P 26P 9(1) 9(2) 95 96 98P 104P 99P 108P 16P 
Unit Porp Porp Porp Porp Porp Porp Porp Porp Porp Porp Porp Porp 

SI02 70.10 70.80 70.00 72.80 71.40 71.80 72.60 71.50 71.40 72.10 70.80 70.80 
TI02 0.35 0.27 0.33 0.16 0.13 0.25 0.34 0.19 0.30 0.29 0.32 0.30 
AI203 15.00 15.30 16.80 13.50 12.80 14.90 14.30 14.70 13.70 14.20 14.30 14.50 
Fe203 0.72 0.83 0.82 0.46 0.75 0.78 0.88 0.75 1.00 0.42 1.20 0.96 
Fee 1.60 1.50 1.110 1.90 1.40 1.10 1.10 1.40 0.88 1.110 0.97 1.30 
Fe(tol) 2.50 2.50 2.110 1.30 2.30 2.00 2.10 2.30 2.00 2.20 2.30 2.40 
MnO 0.03 0.04 0.04 0.02 0.03 0.03 0.02 0.03 0.03 0.04 0.04 0.04 
MgO 1.00 0.98 1.20 0.75 0.98 0.86 0.78 0.92 0.70 0.89 0.82 0.73 
CaO 1.70 1.90 1.30 2.00 1.80 2.60 1.70 2.60 2.00 2.60 2.20 2.50 
Na20 4.20 4.30 4.30 4.40 4.40 4.10 4.20 4.50 4.60 4.20 4.80 4.40 
K20 4.50 4.60 4.20 4.00 4.90 3.10 3.80 3.10 3.90 3.20 3.70 3.30 
P205 0.111 0.14 O.IS 0.13 0.12 0.09 0.10 0.10 0.10 0.08 0.11 0.11 
Total 99.54 100.83 100.93 99.0S 98.88 99.73 99.94 99.94 98.73 99.80 99.39 99.08 

Sample 15P lap 10SP 25P 159P 2P 37P 38P 39P 40P 28P 
Unit Porp Porp Porp Porp Porp Porp Porp Porp Porp Porp Porp 

SI02 71.90 71.00 70.80 70.30 71.60 71.30 72.60 72.60 73.10 71.60 72.70 
TI02 0.31 0.60 0.28 0.55 0.31 0.28 0.26 0.20 0.18 0.28 0.41 
AI203 14.60 14.30 14.40 14.20 15.40 15.30 14.50 14.50 15.30 15.30 14.S0 
Fe203 0.77 0.87 0.66 0.80 0.87 0.56 0.58 0.68 0.72 0.58 0.25 
Fee 1.20 1.20 1.30 1.80 1.20 1.30 1.10 1.10 0.88 1.30 1.40 
Fe(tot) 2.10 2.20 2.10 2.80 2.20 2.00 1.80 1.90 1.70 2.00 1.80 
MnO 0.04 0.07 0.04 0.05 0.02 0.03 0.03 0.03 0.02 0.04 0.03 
MgO 0.77 0.89 0.90 0.76 0.88 0.86 0.69 0.66 0.52 0.82 0.74 
CaO 2.70 2.70 2.30 2.90 2.70 1.90 1.80 1.90 1.70 1.90 2.30 
Na20 4.10 4.70 4.70 4.50 4.20 4.10 4.30 4.20 3.90 4.10 4.40 
K20 2.90 3.50 3.50 3.20 3.00 4.60 4.30 4.00 4.20 4.40 3.50 
P205 0.09 0.10 0.10 0.19 0.12 0.12 0.10 0.10 0.09 0.13 0.11 
Total 99.51 100.06 98.98 99.25 100.30 100.35 100.26 99.97 100.61 100.43 100.44 

Sample 2S8G1A 150G1A 153G1A 141G1A 147G1A 22G1A 126Gl 1l8Gl 10Gl 9Gl 74Gl 17 
Unit Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl 

SI02 69.70 74.90 74.80 73.90 72.10 73.60 72.90 73.90 72.80 74.00 74.30 73.20 
TI02 0.28 0.14 0.14 0.15 0.33 0.19 0.22 0.19 0.24 0.20 0.14 0.20 
"1203 15.80 13.90 13.90 14.20 14.80 13.110 14.30 13.30 14.50 14.40 13.00 13.70 
Fe203 0.52 0.15 0.28 0.28 0.44 0.37 0.57 0.54 0.59 0.59 0.62 0.62 
FeO 1.60 0.77 0.74 0.76 1.50 0.93 0.84 0.87 1.00 0.64 0.81 0.70 
Fetot 2.30 1.00 1.10 1.10 2.10 1.40 1.50 1.50 1.70 1.20 1.20 1.40 
MnO 0.04 0.03 0.01 0.02 0.06 0.02 0.04 0.05 0.03 0.05 0.02 0.03 
MgO 0.84 0.41 0.34 0.36 0.91 0.47 0.67 0.52 0.79 0.63 0.39 0.57 
CaO 2.40 0.91 0.82 0.82 1.60 1.50 0.84 1.40 1.40 0.97 0.82 0.78 
Na20 4.40 4.10 4.20 4.00 4.20 4.00 4.00 4.20 4.00 3.80 4.00 4.00 
K20 3.20 5.10 5.00 5.10 4.10 4.10 4.90 4.20 4.80 4.50 4.60 4.70 
P205 0.12 0.07 0.08 0.08 0.12 0.07 0.10 0.05 0.10 0.05 0.05 0.Q7 
Total 98.88 100.48 100.31 99.65 100.16 98.75 99.38 99.22 100.25 99.83 98.45 98.57 

Sample 23Gl 110Gl 11SGl a5BGl 25SGI 149Gl 2B1Gl 2eGl 123Gl 67G2 121G2 BG2 
Unl! Gl Gl Gl Gl Gl Gl Gl Gl Gl 00 ·00 00 

SI02 73.10 74.80 72.80 72.60 72.70 73.40 72.00 70.20 73.70 74.40 74.60 74.70 
TI02 0.18 0.19 0.28 0.20 0.24 0.21 0.30 0.30 0.22 0.21 0.20 0.20 
AI203 13.60 13.60 14.40 14.10 14.30 14.20 15.40 15.00 14.30 13.50 14.10 13.10 
Fa203 0.50 0.40 0.59 0.48 0.48 0.65 0.60 0.98 0.49 0.69 0.50 0.77 
FeO 0.63 0.72 1.00 1.10 1.10 0.94 0.90 1.10 1.00 1.00 0.81 0.75 
Fetot 1.20 1.20 . 1.70 1.70 1.70 1.80 1.80 2.20 1.60 1.80 1.40 1.60 
MnO 0.02 0.03 0.02 0.02 O.OS 0.04 0.04 0.04 0.04 0.10 0.02 0.03 
MgO 0.64 0.56 0.88 0.70 0.89 0.80 0.71 0.83 0.66 0.65 0.57 0.56 
CaO 1.20 0.79 1.10 1.70 1.70 0.94 1.10 2.20 1.00 0.63 0.71 0.79 
NII20 4.00 4.00 4.10 3.80 3.90 4.10 4.00 4.10 4.20 3.80 4.10 3.40 
K20 4.90 5.10 5.10 4.20 4,'40 4.20 5.10 4.70 4.50 4.50 5.00 4.30 
P205 0.06 0.08 0.08 0.08 0.10 0.09 0.11 0.13 0.09 0.07 0.08 0.05 
TC?!al 98.83 100.27 99.93 98.98 99.64 99.47 100.26 99.38 100.20 99.65 100.59 98.66 

Sample 7G2 13G2 24G2 l11G2 145G2 la8G2 148G2 122G2 118G3 8G3 14G3 290G3 
Unit G2 G2 G2 G2 G2 G2 00 G2 G3 G3 G3 G3 

8102 73.70 75.10 78.50 74.20 71.40 73.20 72.20 73.90 74.20 14.30 74.00 74.20 
TI02 0.16 0.13 0.17 0.20 0.25 0.24 0.22 0.13 0.20 0.21 0.19 0.25 
AI203 14.80 13.70 12.S0 13.30 14.60 13.80 14.20 14.80 12.70 14.70 13.70 13.10 
Fe203 0.47 0.36 0.43 0.84 0.58 0.66 0.66 0.41 0.45 0.65 0.65 0.$4 
FeO 0.66 0.52 0.60 0.78 1.10 1.10 0.94 0.39 0.77 0.88 0.77 0.89 
Feto! 1.20 0.94 1.10 1.50 1.80 1.90 1.70 0.84 1.30 1.30 1.40 1.30 
MnO 0.04 0.05 0.04 0.03 0.03 0.03 0.04 0.03 0.03 0.04 0.03 0.04 
MgO 0.54 0.47 0.35 0.58 0.78 0.69 0.89 0.37 0.50 0.61 0.57 0.62 
CaO 0.94 0.89 1.10 0.84 1.40 1.40 1.10 0.87 1.10 0.84 1.10 0.82 
Na20 4.00 4.10 4.20 4.00 4.20 3.50 4.10 3.90 3.80 3.80 4.20 4.40 
KllO 4.80 4.60 4.80 4.70 4.70 4.20 4.70 5.20 4.90 4.50 4.80 4.70 
P20S 0.05 0.05 0.05 0.05 0.08 0.10 0.08 0.04 0.10 0.06 0.06 0.10 
Total 100.18 99.97 100.34 99.32 99.1 S8.94 98.93 99.84 100.05 100.29 99.78 99.36 



APPENDIX 3.2: CONTINUED - ROSSES PLUTON 

Sample 273G3 5(1)G4 5(2)G4 5(3)G4 12G4 29G4 lMG 2MG 47MG 53MG 65MG 45MG 
Unit G3 G4 G4 G4 G4 G4 Mg Mg Mg Mg Mg Mg 

SI02 75.20 76.30 76.60 77.00 75.60 76.70 75.60 75.00 73.80 73.70 76.90 70.70 
TI02 0.15 0.11 0.10 0.04 0.10 0.11 0.09 0.08 0.15 0.15 0.05 0.24 
AI203 13.70 13.60 13.70 12.10 13.90 12.70 14.30 13.90 14.20 13.90 12.40 14.20 
Fe203 0.42 0.51 0.51 0.23 0.51 0.33 0.28 0.27 0.61 0.31 0.27 0.56 
Fee 0.61 0.36 0.14 0.14 0.28 0.16 0.45 0.40 0.53 0.58 0.22 1.30 
Fetol 1.10 0.91 0.67 0.39 0.82 0.51 0.78 0.71 1.20 0.95 0.51 2.00 
MnO 0.03 0.05 0.01 0.01 0.04 0.11 0.01 0.04 0.01 0.01 0.07 0.03 
MgO 0.40 0.46 0.30 0.18 0.30 0.16 0.30 0.26 0.32 0.32 0.19 0.84 
QIO 0.70 0.47 0.46 0.38 0.47 0.19 0.47 0.59 0.40 0.51 0.52 1.50 
Ne20 4.00 3.80 3.40 3.60 4.00 4.30 3.50 3.70 3.90 3.60 4.00 4.00 
K20 4.40 4.60 4.60 5.20 4.70 5.00 5.20 5.00 5.60 6.80 5.00 4.60 
P205 0.05 0.09 0.07 0.04 0.04 0.02 0.10 0.08 0.11 0.12 0.01 0.13 
Tolal 99.66 100.35 99.89 98.92 99.94 99.78 101.00 100.00 100.50 100.70 100.20 98.90 

Sample 43MG eoMG 51MG 59MG 59(1) SlMG 102MG 103MG 19MG 103MG 21MG l00MG 
Unit Mg Mg Mg Mg Mg Mg Mg Mg Mg Mg Mg Mg 

SI02 74.10 74.20 72.80 72.40 73.70 73.70 72.00 74.20 74.70 73.70 75.50 75.40 
TIOl! 0.11 0.18 0.22 0.15 0.21 0.18 0.23 0.11 0.10 0.18 0.05 0.05 
AI203 13.50 13.10 14.30 14.10 13.70 13.60 14.00 15.30 13.00 13.40 15.00 13.00 
Fe203 0.34 0.40 O.SO 0.34 0.48 0.40 0.27 0.48 0.36 0.34 0.34 0.24 
Fee 0.69 0.67 0.90 0.87 1.10 0.90 1.20 0.32 0.41 0.87 0.18 0.22 
Felal 1.10 1.20 I.S0 1.30 1.70 1.40 1.60 0.84 0.82 1.30 0.64 0.48 
MnO 0.02 0.04 0.05 0.03 0.04 0.02 0.04 0.02 0.02 0.03 0.01 0.03 
MgO 0.32 0.47 0.52 0.48 0.64 0.55 0.71 0.25 0.23 0.73 0.17 0.16 
QIO 0.66 1.00 0.86 0.79 1.30 0.96 1.40 0.39 0.72 0.90 0.46 0.44 
Ne20 4.10 4.20 3.60 4.00 4.20 3.80 4.30 4.20 4.00 4.10 3.60 4.00 
K20 5.30 4.60 4.70 4.80 4.40 5.20 4.40 4.20 4.80 4.20 4.40 4.90 
P205 0.02 0.06 0.06 0.08 0.12 0.08 0.04 0.07 0.05 0.08 0.03 0.02 
Tolal 99.80 99.60 99.10 98.80 100.60 99.90 99.30 101.00 98.70 99.10 100.40 99.70 

Sample 73MG 84MG 65MG 89MG 131MG leoMG 184MG 
Unit Mg Mg Mg Mg Mg Mg Mg 

5102 75.30 71.50 75.40 74.10 75.40 72.40 75.80 
TI02 0.09 0.18 0.08 0.32 0.11 0.24 0.10 
AI203 13.30 15.00 13.40 15.00 14.10 14.30 13.50 
Fe203 0.41 0.59 0.42 0.46 0.76 0.37 0.19 
Fee 0.39 1.00 0.20 0.68 0.19 1.20 0.41 
Felal 0.B4 1.70 0.64 1.10 0.97 1.70 0.65 
MnO 0.01 0.02 .. 0.02 0.03 0.02 0.02 0.02 
MgO 0.33 0.69 O.HI 0.40 0.23 0.71 0.23 
QIO 0.50 1.20 0.56 0.57 0.65 0.59 0.49 
Ne20 4.50 4.10 4.40 3.80 4.00 4.20 3.60 
K20 4.80 4.80 5.10 5.40 4.,80 4.90 8.10 
P205 0.05 0.14 0.04 0.07 0.06 0.18 0.02 
Talal 100.40 99.90 100.30 101.40 100.90 100.20 100.80 



APPENDIX 3.3: ARDARA PLUTON (YARR 1991) 

Sample Y43 Y861 Y862 Y863 Y864 Y866 Y1262 Y1265 Y1266 
Unit Outer Outer Outer Outer Outer Outer Outer Outer Outer 

Si02 63.50 64.00 63.30 64.10 62.10 63.70 61.80 61.40 63.40 
Ti02 0.79 0.80 0.78 0.82 0.79 0.80 0.80 0.90 0.84 
AI203 16.59 17.00 16.69 16.56 16.48 16.70 17.33 17.51 17.31 
Fe(tot) 4.46 4.10 4.24 4.30 4.57 5.46 4.96 5.31 4.91 
MnO 0.06 0.10 0.07 0.07 0.07 0.06 0.08 0.09 0.07 
MgO 1.88 1.60 1.63 1.83 .2.12 1.83 2.20 2.59 2.27 
CaO 3.44 3.40 3.45 3.03 3.26 3.38 4.09 4.16 3.84 
Ne20 4.30 4.10 4.10 4.10 4.20 4.10 4.80 4.50 4.40 
K20 3.93 4.00 4.28 4.54 4.17 4.04 3.50 3.55 3.69 
P205 0.29 0.30 0.30 0.31 0.31 0.28 0.30 0.29 0.30 
LOI 0.80 0.20 1.40 1.00 2.20 0.80 0.80 0.60 0.00 
Total 100.04 99.60 100.44 100.87 100.46 100.14 100.93 101.18 101.02 

Nb 17 22 24 21 18 21 13 15 15 
Zr 287 408 360 360 313 304 188 200 221 
Y 24 27 28 31 29 26 22 24 23 
Sr 441 423 428 420 498 446 582 600 556 
Rl 204 202 211 227 193 208 142 129 156 
Th 23 31 35 34 31 27 21 20 19 
Pb 35 30 40 39 36 36 38 27 35 
Zn 62 52 55 58 59 61 63 69 66 
Cu <2 24 34 46 25 39 24 52 41 
NI 24 19 22 20 22 24 28 30 29 
Or <2 22 29 25 34 27 41 43 40 
V 106 103 98 97 105 102 109 124 112 
Be <5 724 659 667 696 642 728 819 680 
Hf <5 9 8 9 8 8 5 5 6 
Ce 112 70 113 137 122 100 55 88 94 
La <5 15 44 64 55 39 30 36 43 

Sample Y1364 Y8510 Y49 Y85111 Y8612 Y8613 Y1254 Y1365 Y1357 Y965 Y2153 
Unit Int'mde Int'mde Int'mde Int'mde Int'mde Int'mde Int'mde Int'mde Int'mde Int'mde Int'mde 

Si02 54.72 64.23 53.91 51.58 61.79 61.72 64.05 67.67 64.31 68.55 66.91 
TI02 0.86 0.66 0.81 0.85 0.71 0.71 0.75 0.45 0.56 0.38 0.53 
AI203 13.63 15.87 16.28 17.07 17.04 16.35 16.91 16.45 16.18 15.58 15.91 
Fe(tot) 3.90 4.14 4.20 4.77 4.75 5.14 4.59 3.09 4.15 2.61 3.64 
MnO 0.06 0.06 0.08 0.08 0.82 0.09 0.07 0.05 0.07 0.05 0.08 
MgO 2.16 1.80 2.54 3.25 2.57 3.37 2.30 1.69 2.31 1.85 2~22 

CaO 3.20 3.37 3.45 3.27 3.81 4.17 3.68 2.74 2.79 2.09 3.04 
Ne20 4.42 4.21 4.69 4.03 4.27 4.26 4.37 4.35 4.31 4.51 4.99 
K20 3.6e 3.93 3.39 3.60 3.17 3.04 3.46 3.95 4.05 3.75 2.44 
P205 0.20 0.24 0.24 0.23 0.24 0.22 0.26 0.1 a 0.2 0.13 0.11 
LOI 0.80 1.60 0.60 1.00 1.60 1.00 o.eo 0.2 1.6 0.6 0.2 
Total 99.93 100.22 100.18 99.85 100.96 100.27 101.50 100.8 100.5 100.3 100.3 

Nb 9 15 10 0 14 14 14 1 10 12 6 
Zr 150 205 170 157 144 125 171 124 158 104 120 
Y 18 19 22 17 13 13 20 16 20 17 19 
Sr 579 520 611 593 615 632 594 562 515 571 619 
Rl 120 132 118 134 104 109 146 136 141 113 106 
Th 9 30 22 5 18 11 16 10 15 14 7 
Pb 31 36 41 25 35 23 33 31 30 11 24 
Zn 50 53 62 61 59 67 65 41 48 38 13 
Cu 35 19 33 29 27 35 23 10 52 10 53 
NI 30 24 35 39 18 45 29 26 29 25 31 
Or 59 30 70 89 42 102 44 48 63 56 14 
V 88 n.d 96 101 109 121 104 63 97 49 57 
Be 738 n.d 761 732 601 651 633 760 800 761 409 
Hf 5 n.d 6 4 5 5 5 5 5 4 4 
Ce 76 n.d 53 64 68 62 72 30 57 45 48 
La 33 n.d 33 31 31 30 29 18 29 27 25 



APPENDIX 3.3 : CONTINUED - ARDARA 

Sample Y371 Y90 Y94 Y961 Y962 Y963 Y8815 Y8616 
Unit Inner Inner Inner Inner Inner Inner Inner Inner 

SI02 71.88 69.37 70.86 75.86 67.37 68.43 69.25 66.89 
TI02 0.26 0.33 0.23 0.05 0.26 0.34 0.26 0.35' 
AI203 15.62 15.23 15.4 13.43 15.19 15.59 16.14 15.56 
Fe(tot) 1.89 . 2.55 1.76 0.7 2.09 1.47 2.06 2.57 
MnO 0.04 0.06 0.06 0.02 0.05 0.05 0.05 0.05 
MgO 1.07 1.48 0.94 0.25 1.57 1.57 1.14 1.8 
CaO 1.2 1.67 1.22 0.66 1.6 2.45 1.79 2.1 
Na20 5.41 5.08 4.91 4.01 4.67 4.61 4.45 4.78 
K20 3.08 3.04 3.57 4.53 3 3.59 3 3 
P205 0.06 0.1 0.09 0 0.1 0.13 0.1 0.11 

. LOI 1.4 1 0.8 0.2 3.6 0.8 1 2.8 
Total 101.77 99.9 99.81 99.82 99.85 99.21 99.4 100.16 

Nb 7 7 7 4 5 9 10 11 
Zr 90 91 79 57 87 120 108 101 
Y 6 10 8 9 10 15 6 7 
Sr 431 527 499 206 536 548 505 554 
R> 68 95 103 125 94 123 92 98 
Th 13 15 13 7 9 15 14 6 
Pb 17 32 32 42 23 33 38 38 
Zn 41 54 39 5 45 45 39 40 
CU 12 42 16 20 19 14 21 46 
NI 20 19 16 5 18 25 17 23 
Cr 27 40 19 <2 32 55 30 47 
V 36 57 30 11 36 53 34 44 
sa 514 567 630 594 536 623 449 616 
Hf 5 4 4 2 4 4 4 4 
Ce 35 32 30 0 40 47 43 40 
La 16 14 24 6 21 32 22 20 



APPENDIX 3.4 - APPINITE (YARR 1991) 

Sample M10 Y25518 Y25511 Y453 Y1851 Y1 Y1452 Y4 Y2557 76G Y2657 AP2 

SI02 52.80 56.10 56.30 54.90 52.00 48.90 56.90 48.10 46.00 44.70 43.00 42.60 
TI02 0.48 0.30 0.74 0.32 0.50 1.65 0.88 2.41 3.85 1.61 1.82 1.56 
AI203 19.73 12.79 11.30 13.36 15.17 15.51 18.91 13.35 12.37 10.87 12.30 16.80 
Fe(tot) 4.87 5.48 8.64 '6.51 4.60 9.18 8.00 13.83 17.50 11.32 12.01 11.01 
MIlO 0.07 0.12 0.15 0.14 0.09 0.13 0.09 0.24 0.28 0.15 0.15 0.11 
MgO 5.91 8.51 8.77 9.90 7.63 9.10 2.78 7.22 5.36 12.58 11.30 10.34 
CeO 8.04 8.38 8.82 9.31 15.38 9.96 5.45 11.86 9.69 11.49 11.41 12.41 
Na20 4.80 2.80 2.10 3.10 2.60 2.60 3.60 2.10 2.10 2.20 2.50 1.70 
K20 1.59 1.53 1.40 1.25 0.62 1.20 3.09 0.23 0.64 1.21 1.04 0.97 
P205 0.15 0.07 0.12 0.04 0.13 0.37 0.25 0.27 0.47 0.06 0.10 0.02 
LOI 1.80 3.80 1.00 1.20 1.20 2.20 0.60 0.00 1.00 3.80 3.60 2.40 
Total 100.16 100.35 99.52 100.40 100.10 100.10 100.80 99.69 99.44 100.03 99.37 99.72 

Nb 0 4 6 1 0 4 11 3 15 4 3 2 
Zr 54 26 79 59 26 76 123 96 262 65 52 73 
Y 9 15 33 12 14 30 23 29 44 33 30 31 
Sr 1420 651 359 831 820 813 772 217 244 236 305 735 
FtJ 76 72 54 48 14 37 50 0 11 31 18 20 
Th 2 10 5 6 1 1 4 14 3 2 8 1 
Pb 9 14 19 11 15 0 12 21 6 9 11 106 
Zn 41 60 93 62 40 69 83 109 155 82 92 82 
Cu 0 31 35 46 6 0 28 165 162 0 118 n.d 
NI 56 104 123 145 18 95 63 65 43 67 42 55 
Cr 0 276 341 341 5 0 99 177 50 0 385 n.d 
V 89 103 175 96 139 271 183 517 705 408 455 355 
sa 0 321 120 15 167 336 584 72 174 0 217 n.d 
Hf 0 2 2 3 2 3 3 2 3 1 1 n.d 
ca 50 28 28 14 14 9 50 0 44 42 19 60 
La 16 13 12 12 96 27 n.d. 5 n.d n.d. 9 n.d 

Sample AP1 Y2652 Y27517 Y30517 Y77 Y55 Y80 Y71 Y31515 Y26523 Y3l512 Y3l511 

8102 41.50 48.70 56.60 47.00 50.70 62.60 53.40 55.10 48.80 55.10 50.20 52.60 
TI02 1.96 0.85 0.91 0.58 0.67 0.70 1.14 1.03 0.90 1.02 1.00 0.71 
AI203 12.43 8.69 16.27 15.52 7.37 17.68 16.98 17.05 19.43 17.41 14.30 10.63 
Fe(tot) 11.23 8.27 9.09 5.38 10.77 6.12 7.05 7.78 7.42 7.51 7.70 6.78 
MIlO 0.12 0.15 0.09 0.08 0.18 0.07 0.10 0.10 0.08 0.14 0.10 0.14 
MgO 11.31 9.68 4.20 4.52 13.82 4.52 5.79 3.90 5.14 4.64 7.90 8.72 
CeO 10.53 15.77 6.51 15.50 11.68 0.63 8.01 6.78 9.23 6.12 11.60 13.59 
Na20 2.00 1.70 3.50 1.80 1.30 1.20 3.10 3.50 3.10 3.70 2.80 2.20 
K20 1.20 0.39 2.51 0.79 0.56 3.20 1.80 3.04 2.42 2.00 1.00 1.33 
P205 0.05 0.08 0.29 0.11 0.05 0.13 0.22 0.00 0.54 0.19 0.30 0.11 
LOI 2.40 4.60 1.40 8.00 2.00 3.40 1.80 0.60 1.80 1.60 2.40 3.60 
Total 94.71 98.90 101.42 99.39 99.32 100.49 99.43 99.10 98.84 99.56 100.50 100.58 

Nb 2 n.d 4 6 2 20 5 11 2 8 4 7 
Zr 73 n.d 98 54 58 285 82 188 144 128 62 48 
Y 31 n.d 21 18 19 65 22 31 44 25 18 19 
Sr 735 n.d 328 606 118 152 884 497 861 521 415 316 
FtJ 20 n.d 72 19 7 144 70 100 130 83 31 46 
Th 1 n.d 8 4 18 25 3 16 7 6 4 8 
Pb 106 n.d 11 10 25 9 20 16 14 11 12 
Zn 82 n.d n.d 44 81 115 62 136 54 78 75 64 
OJ n.d n.d n.d 21 123 25 n.d 62 n.d 17 n.d 28 
NI 55 n.d n.d 8 14 51 48 62 10 20 35 32 
Cr n.d n.d n.d 64 370 174 n.d 56 n.d 83 n.d 163 
V 355 n.d 265 267 242 136 191 162 192 223 230 198 
sa n.d n.d 459 179 68 595 n.d 606 n.d 577 n.d 209 
Hf n.d n.d 3 2 2 5 n.d 5 n.d 3 n.d 1 
ca 60 n.d 25 32 12 107 60 84 88 50 45 29 
La n.d n.d 21 17 7 55 140 27 n.d 20 94 11 



APPENDIX 3.4 - CONTINUED - APPINITE 

Sample Y2554 Y2554 Y1854 Y2552 Y458 Y2556 Y1856 Y2159 M14 Ml1 Y2559 M5 

SI02 52.70 53.00 52.20 52.30 52.80 47.10 50.90 53.70 50.00 53.40 46.95 48.65 
TI02 0.71 0.73 0.49 1.44 1.19 . 3.40 1.00 1.16 2.10 0.53 1.60 1.58 
AI203 13.24 12.89 12.33 16.34 8.69 17.39 13.36 15.58 17.37 16.20 13.79 14.66 
Fe203 1.90 4.21 2.49 2.20 0.70 5.36 5.34 4.41 1.60 0.50 0.47 2.06 
Fee 5.80 3.73 4.52 5.73 6.00 6.00 2.55 5.00 6.98 5.04 9.79 7.00 
MoO 0.15 0.14 0.14 0.15 0.12 0.14 0.15 0.13 0.09 0.11 0.15 0.13 
MgO 10.16 9.62 11.99 6.77 11.74 4.69 10.26 7.34 7.54 8.21 11.36 9.50 
CaO 10.6 10.31 9.95 9.04 13.97 8.06 10.20 6.78 8.87 9.13 9.51 9.67 
Na20 2.1 2.20 2.20 3.00 2.30 4.00 2.30 2.40 3.40 3.10 2.56 3.04 
K20 1.01 1.00 1.16 0.88 1.35 1.27 1.28 2.31 1.92 1.93 1.77 1.37 
P205 0.11 0.09 0.12 0.15 0.20 0.44 0.16 0.14 0.14 0.26 0.32 0.11 
LOI 1.40 1.40 1.60 1.00 2.00 1.60 1.80 1.20 0.00 2.20 0.80 3.00 
Total 100.00 99.30 99.42 99.14 101.28 99.58 99.57 100.17 99.99 100.57 99.28 100.78 

Nb 4 4 3 4 8 30 4 8 5 0 18 9 
Zr 38 38 24 19 81 151 58 113 107 108 128 98 
Y 23 23 14 10 21 28 19 24 27 15 18 29 
Sr 621 621 841 973 396 975 686 792 1057 1854 536 840 
PI> 40 40 63 25 41 38 42 64 82 79 37 39 
Th 3 3 7 9 3 9 0 3 4 6 0 6 
Pb 10 10 8 7 6 7 9 16 11 15 0 7 
Zn 67 67 64 77 57 81 64 59 68 43 70 74 
CAl 35 35 39 26 10 0 44 27 0 0 44 0 
NI 81 81 138 51 119 18 155 44 41 97 197 140 
Cr 173 173 355 77 535 0 211 143 0 0 642 0 
V 154 154 137 135 218 367 201 112 296 114 219 264 
Sa 250 251 226 256 411 0 321 714 0 0 192 0 
HI 1 2 2 2 2 0 2 4 0 0 3 0 
Ce 23 21 6 14 39 60 25 30 0 0 10 53 
La 18 18 9 4 16 152 12 15 0 0 10 19 

Sample Y13 V1859 V1858 V22159 Y1751 Y17511 

SI02 53.46 52.92 51.46 48.59 50.54 49.34 
TI02 0.73 0.72 1.10 1.04 1.50 1.49 
AI203 14.10 14.57 16.81 14.01 18.26 17.47 
Fe203 1.40 0.01 2.90 2.87 3.08 7.76 
Fee 5.30 7.34 4.95 6.14 4.70 n.d. 
MnO 0.14 0.13 0.14 0.15 0.11 0.10 
MgO 9.25 9.30 7.69 7.80 6.56 8.21 
CaO 8.98 9.38 9.84 12.26 10.10 10.17 
Na20 2.66 2.57 3.27 2.83 3.07 3.49 
K20 1.47 1.25 1.28 0.96 1.42 1.36 
P205 0.12 0.13 0.23 0.33 0.23 0.22 
LOI 1.60 1.60 0.40 1.60 1.60 2.20 
Total 99.59 99.93 100.24 99.31 101.93 99.81 

Nb 4 5 1 16 12 13 
Zr 110 55 70 95 96 91 
Y 34 16 20 16 16 17 
Sr 634 797 414 664 49 813 
PI> SO 44 48 33 49 49 
Th 18 2 9 5 1 1 
Pb 9 7 9 4 49 8 
Zn 76 81 65 71 52 52 
CAl 56 38 45 25 0 0 
NI 140 98 207 23 50 52 
Cr 0 119 267 61 0 0 
V 264 162 191 436 188 198 
Sa 0 292 157 238 0 0 
HI 0 3 2 3 0 0 
Ce 53 34 6 16 0 55 
La 19 9 4 0 12 0 



APPENDIX 3.5 : BARNESMORE PLUTON (DEMPSEY 1987). 

Samp!eNo 1 2 3 4 5 6 7 8 9 10 11 12 
Unit Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl 

Si02 73.51 72.33 72.82 73.23 75.79 74.03 73.19 73.32 71.96 73.97 73.21 73.63 
T!02 0.20 0.24 0.22 0.18 0.16 0.17 0.20 0.20 0.28 0.18 0.18 0.19 
A!203 14.52 14.79 14.50 14.24 13.44 14.22 14.36 14.31 14.59 14.22 14.51 14.41 
Fe(tot) 1.38 1.67 1.56 1.30 0.88 0.94 1.47 1.44 1.80 1.31 1.34 1.39 
Fe203 0.59 0.59 0.67 0.62 0.28 0.29 0.68 0.65 0.63 0.62 0.63 0.66 
FeO 0.71 0.97 0.80 0.61 0.64 0.59 0.71 0.71 1.06 0.62 0.64 0.66 
MnO 0.04 0.07 0.05 0.03 0.03 0.04 0.05 0.05 0.05 0.05 0.04 0.04 
MgO 0.44 0.57 0.59 0.45 0.50 0.38 0.52 0.51 0.83 0.46 0.41 0.65 
CeO 1.39 1.40 1.16 1.07 0.33 0.73 1.09 1.47 1.27 1.09 1.36 0.60 
Na20 4.49 4.29 4.20 4.06 4.40 4.43 4.21 4.48 4.05 4.38 4.23 4.34 
K20 3.51 4.02 4.01 4.20 4.05 4.28 4.02 3.53 4.52 4.06 4.18 4.23 
P205 0.06 0.08 0.08 0.06 0.06 0.05 0.06 0.06 0.08 0.04 0.06 0.06 
Tota! 99.45 99.34 99.12 98.75 99.56 99.21 99.09 99.28 99.32 99.68 99.43 99.57 

Rl 196 245 235 237 209 231 206 161 185 241 195 225 
Sr 187 259 185 186 103 122 193 211 278 162 200 172 
Sa 428 763 452 480 284 319 409 410 662 312 449 401 
Zr 136 139 129 111 100 102 116 121 103 101 109 111 
Y 21 23 26 21 18 16 16 18 19 18 HI 16 
Nb 22 19 18 14 20 18 17 1 e 18 16 12 14 
Th 15 12 13 14 20 21 20 28 11 21 18 20 
U 11 b.d.! 4 4 21 5 4 4 b.d.! 8 4 b.d.1 
Zn 23 37 31 25 33 20 31 31 37 30 33 33 
N! ba! b.d.! b.d.! b.d.! b.d.! b.d.! b.d.1 b.d.! 3 b.d.! b.d.! b.d.! 
Pb 33 33 34 36 21 28 28 31 30 32 38 36 

Sample No 13 14 15 16 17 18 19 20 21 22 23 24 
Unit Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl G2BF 

Sl02 73.99 72.73 74.08 72.88 72.64 72.52 74.95 72.95 73.34 73.60 73.64 73.98 
T!02 0.17 0.23 0.17 0.22 0.22 0.22 0.15 0.24 0.20 0.18 0.18 0.19 
A!203 14.34 14.71 14.18 14.72 14.76 14.78 13.92 14.85 14.47 14.37 14.36 13.71 
Fe(tot) 1.16 1.68 1.12 1.60 1.82 1.60 1.05 1.68 1.46 1.39 1.31 1.35 
Fe203 0.47 0.99 0.48 0.71 0.93 0.72 0.45 0.61 0.67 0.67 0.62 0.59 
FeO 0.62 0.84 0.58 0.80 0.80 0.80 0.52 0.87 0.71 0.65 0.62 0.6S 
MnO 0.04 0.04 0.04 0.04 0.06 0.04 0.03 0.04 0.05 0.05 0.05 0.04 
MgO 0.44 0.58 0.38 0.64 0.68 0.73 0.39 0.65 0.47 0.45 0.41 0.43 
CeO 0.73 1.30 0.87 1.12 1.15 1.17 0.73 0.98 1.34 1.21 1.14 0.75 
Na20 4.30 4.41 4.27 4.35 4.27 4:19 4.23 4.26 4.30 4.28 4.28 3.97 
K20 4.36 3.64 4.33 3.81 3.87 3.90 4.33 3.73 3.89 4.08 4.26 4.80 
P205 0.06 0.08 0.05 0.07 0.06 0.07 0.05 0.07 0.07 0.05 0.05 0.05 
Tota! 99.52 99.53 99.42 99.36 99.41 99.13 99.78 99.25 99.50 99.47 99.60 99.19 

Rl 257 159 227 172 185 183 221 163 211 219 217 224 
Sr 132 215 133 193 252 197 111 ISO 196 182 168 132 
Sa 357 523 322 472 568 564 266 496 390 378 444 262 
Zr 103 131 101 135 122 123 96 127 121 107 103 103 
Y 20 21 14 17 15 18 16 16 16 16 24 20 
Nb 20 15 14 14 14 15 15 13 17 17 20 16 
Th 24 21 21 21 16 13 20 14 22 21 18 24 
U b.d.! 3 5 2 b.d.! 2 8 2 b.d.! b.d.! b.d.! b.d.1 
Zn 32 35 21 33 39 35 25 32 33 31 • 31 22 
N! b.d.1 b.d.! b.d.1 b.d.1 28 b.d.1 b.d.! b.d.! b.d.! b.d.1 b.d.! b.d.1 
Pb 32 28 33 31 21 25 31 17 30 37 31 32 

Samp!eNo 25 26 27 28 29 30 31 32 33 34 35 36 
Unit G2Bl' G2BF G2f3F G2Bl' G2f3F G2f3F G2f3F G2'EIF G2Bl' G2BF G2BF G2I!F 

S!02 75.28 73.45 74.13 74.26 12.90 74.05 72.69 74.88 72.23 72.86 78.12 75.13 
Tl02 0.17 0.23 0.18 0.12 0.24 0.22 0.20 0.20 0.27 0.22 0.14 0.16 
A!203 13.37 14.07 14.24 14.55 14.55 13.87 14.72 13.82 14.75 14.68 13.60 13.76 
Fe(tol) 1.20 1.53 1.14 0.92 1.52 1.57 1.31 1.33 1.65 1.45 0.97 1.14 
FaZ03 0.53 0.60 0.52 0.51 0.55 0.68 0.50 0.53 0.72 0.56 0.46 0.53 
FeO 0.60 0.84 0.56 0.37 0.88 0.80 0.73 0.72 1.02 0.80 0.48 0.55 
MnO 0.04 0.06 0.04 0.02 0.04 0.05 0.04 0.05 0.06 0.05 0.03 0.04 
MgO 0.42 0.65 0.40 0.32 0.68 0.55 0.48 0.42 0.59 0.53 0.33 0.31 
CeO 0.80 0.87 0.79 o.se 0.82 1.05 1.12 0.8S 1.08 1.01 0.82 0.15 
Na20 4.06 4.11 4.11 4.52 4.01 4.15 4.25 4.11 4.16 4.03 3.92 3.97 
K20 4.39 4.51 4.82 4.47 4.74 4.22 4.86 4.54 4.45 4.89 4.58 4.14 
P205 0.04 0.06 0.04 0.03 0.06 0.06 0.05 0.05 0.08 0.08 0.03 0.04 
Tota! 99.71 99.34 99.80 99.73 99.46 99.69 99.44 100.19 99.42 99.87 100.28 911.98 

Rl 210 317 216 119 lS7 172 17S 194 178 174 194 213 
Sr 128 190 139 145 199 168 207 121 205 230 122 145 
Sa 269 344 242 246 564 237 396 186 384 475 191 21$11 
Zr 99 125 92 62 97 110 89 91 112 93 78 110 
Y 20 27 11 11 18 17 17 19 20 17 13 13 
Nb 19 19 14 II 17 15 15 15 HI 13 12 15 
Th 20 17 22 21 24 21 23 39 19 10 28 21 
U b.d.! b.d.! b.d.1 b.d.! 26 b.d.1 b.d.! b.d.! b.d.! b.d.! b.d.! b.d.! 
Zn 21 26 27 18 30 32 27 28 35 30 23 23 
NI b.d.! b.d.1 b.d'! b.d.! 26 b.d.! b.d'! b.d.! b.d.1 b.d.! M.! b.d.! 
Pb 39 37 34 29 28 25 24 21 26 '29 24 30 



APPENDIX 3.5 : CONTINUED - BARNESMORE PLUTON. 

Sample No 37 38 39 40 41 42 43 44 45 48 47 48 
Unit G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 

8102 75.25 75.45 75.97 75.95 76.52 75.51 76.23 74.26 75.50 75.24 76.20 75.76 
TI02 0.11 0.13 0.13 0.11 0.12 0.14 0.11 0.12 0.12 0.14 0.12 0.13 
AI203 13.60 13.60 13.07 13.28 13.20 13.31 13.26 13.82 13.65 13.65 13.26 13.56 
Fa(lal) 0.83 1.03 0.99 0.88 0.8e 0.97 0.74 0.81 0.91 1.04 0.96 0.93 
Fe203 0.44 0.55 0.53 0.49 0.43 0.44 0.25 0.38 0.40 0.44 0.53 0.45 
FeD 0.35 0.43 0.41 0.35 0.39 0.48 0.44 0.39 0.46 0.54 0.39 0.43 
MnO 0.03 0.04 0.03 0.04 0.04 0.03 0.03 0.04 0.03 0.04 0.04 0.03 
MgO 0.26 0.24 0.34 0.24 0.27 0.28 0.23 0.23 0.23 0.26 0.23 0.22 
CaD 0.57 0.67 0.48 0.57 0.56 0.59 0.58 0.72 0.66 0.70 0.69 0.72 
Na20 4.32 4.30 3.84 3.86 3.91 3.98 4.18 4.44 4.07 4.27 4.15 4.25 
K20 4.71 4.54 4.81 4.97 4.70 4.64 4.50 4.22 4.86 4.55 4.55 4.54 
P205 0.02 0.03 0.03 0.02 0.02 0.03 0.02 0.02 0.03 0.03 0.03 0.03 
Talal 99.87 99.63 99.63 99.88 100.16 99.42 99.84 99.64 100.00 99.85 100.11 100.12 

Fb 236 277 192 205 201 228 237 185 251 238 248 233 
Sr 74 73 76 79 81 87 58 110 78 82 55 72 
Ba 83 122 99 79 87 173 14 21 105 189 74 101 
Zr 80 96 93 84 82 100 81 72 77 89 93 96 
Y 22 28 18 18 20 21 19 16 22 21 22 22 
Nb 16 25 13 13 15 22 16 13 13 18 18 19 
Th 22 27 24 42 25 29 26 23 21 22 25 27 
U b.d.1 7 7 7 b.d.1 b.d.1 2 b.d.1 b.d.! b.d.1 3 b.d.1 
Zn 14 18 17 16 16 19 13 19 16 17 17 15 
NI b.d.1 b.d.1 b.d.1 b.d.1 26 b.d.! b.d.1 b.d.1 b.d.1 b.d.1 b.d.! b.d.! 
Pb 29 49 26 39 24 29 34 43 39 30 35 32 

Sample No 49 50 51 52 53 54 55 56 57 58 59 60 
Unit G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 

SI02 75.59 75.51 75.14 75.61 75.76 75.40 75.66 78.48 75.73 76.46 74.87 76.52 
TI02 0.13 0.12 0.12 0.12 0.13 0.13 0.14 0.13 0.12 0.13 0.11 0.12 
AI203 13.54 13.61 13.42 13.45 13.50 13.72 13.40 13.18 13.51 13.21 14.13 13.34 
Fe(lol) 0.98 0.89 0.95 0.82 1.00 0.86 1.00 0.87 0.94 0,93 0.91 0.88 
Fa203 0.50 0.48 0.62 0.39 0.60 0.38 0.47 0.41 0.48 0.44 0.64 0.48 
FeD 0.43 0.39 0.39 0.39 0.36 0.43 0.48 0.42 0.41 0.44 0.34 0.36 
MoO 0.03 0.03 0.04 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.02 
MgO 0.25 0.21 0.27 0.24 0.22 0.24 0.28 0.26 0.22 0.28 0.21 0.22 
CaD 0.75 0.62 0.67 0.63 0.86 0.64 0.e8 0.60 0.64 0.50 0.88 0.60 
Ne20 4.06 4.34 4.24 4.19 4.19 4.17 4.05 4.09 4.16 4.04 4.48 4.15 
K20 4.85 4.59 4.74 4.73 4.75 4.70 4.74 4.6a 4.79 4.57 4.61 4.66 
P20S 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
Tolal 99.96 99.90 99.48 91M9 100.23 99.86 99.60 100.22 100.03 100.13 100.01 100.50 

FIb 273 273 275 252 250 241 252 242 274 250 258 245 
Sr 70 86 85 69 81 73 70 89 11 83 83 58 
Ba 129 96 89 113 115 122 116 ea 95 67 89 83 
Zr 91 89 90 18 89 85 96 90 97 83 78 83 
y 25 23 24 22 21 24 25 23 22 14 18 16 
Nb 25 23 19 19 21 20 21 18 27 23 20 22 
Th 27 27 30 27 27 22 28 32 26 28 23 2& 
U b.d.! b.d.! b.d.1 4 b.d.1 5 b.d.1 3 b.d.1 2 b.d.1 b.d.1 
Zn 17 14 18 15 20 15 14 24 24 22 23 17 
NI b.d.1 b.d.1 b.d.! b.d.! 28 b.d.! b.d.1 b.d.1 b.d.1 b.d.! b.d.1 b.d.! 
Pb 35 33 39 33 33 35 35 38 33 28 40 31 

eampleNo 61 82 63 64 65 68 67 S8 69 70 71 72 
Unit G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 

9102 76.06 76.07 75.55 75.88 75.90 75.111 76.25 75.78 75.78 76.80 18.72 75.98 
TI02 0.14 0.12 0.12 0.10 0.10 0.17 0.13 0.12 0.14 0.13 0.12 0.13 
AI203 13.35 13.63 13.71 13.87 '\3.44 13.56 13.24 13.87 13.40 lUIS 13.03 13.42 
Fe(lol) 0.98 0.87 0.87 0.80 0,88 1.15 0.91 0.88 1.02 0.90 0.81 0.96 
Fe203 0.48 0.45 0.45 0.47 0.50 0.49 0.42 0.47 0.49 0.43 0.42 0.49 
FeD 0.47 0.38 0.38 0.30 0.32 0.80 0.44 0.38 0.48 0.42 0.41 0.42 
MnO 0.02 0.02 0.03 0.03 0.06 0.03 0.02 0.02 0.03 0.03 0.03 0.03 
MgO 0.26 0.21 0.23 0.18 0.20 0.41 0.28 0.26 0.32 0.27 0.21 0.32 
CaD 0.6S 0.65 0.80 0.62 0.72 0.59 0.80 0.50 0.64 0.47 0.86 0.50 
Na20 4.18 4.19 4.21 4.21 4.13 4.0S 3.98 4.35 3.1l? 3.89 3.89 3.90 
K20 4.50 4.75 4.77 4.71 4.70 4.67 4.78 4.83 S.17 4.117 4.88 4.91 
P205 0.03 0.03 0.03 0.03 0.03 0.05 0.04 0.03 0.04 0.03 0.03 0.04 
Tolal 100.08 100.49 100.07 100,25 100.09 99.18 100.19 100.17 100.03' 100.11 100.20 100.10 

Fb 211 245 264 247 23& 224 231 224 187 223 181 207 
Sr 69 89 84 60 85 81 84 58 91 64 72 127 
Ba 107 124 85 70 49 147 81 62 92 96 80 116 
Zr 87 84 83 82 78 103 90 92 108 78 84 711 
Y 15 13 14 15 13 18 13 18 13 16 13 13 
Nb 20 17 20 25 13 22 14 23 II 15 II 11 
Th 28 27 27 27 29 27 28 27 29 U 22 27 
U b.d.1 b.d.! 2 13 26 b.d.1 b.d.! b.d.! b.d.1 b.d.! b.d.1 b.d,! 
Zn 15 20 21 20 22 24 19 20 18 21 21 21 
Nl b.d.1 b,d.! b.d.! b.d.! 28 b.cU b.d.1 b.d.! b.d.1 b.d.1 b.d.l b.d.! 
Pb 29 38 36 31 40 28 33 28 30 29 31 21 



APPENDIX 3.5 : CONTINUED - BARNESMORE PLUTON. 

Sample No 73 74 75 76 77 78 79 80 81 82 83 84 
Unit G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 

Si02 75.48 75.75 75.83 75.88 76.52 76.34 75.76 76.59 75.55 75.98 76.43 76.84 
TI02 0.10 0.11 0.12 0.13 0.13 0.14 0.13 0.12 0.13 0.13 0.12 0.12 
AI203 13.74 13.46 13.29 13.64 13.23 13.19 13.60 13.38 13.55 13.55 13.26 13.61 
Fe(tot) 0.67 0.77 0.77 0.83 0.95 0.95 0.95 0.83 0.98 0.98 0.91 0.90 
Fe203 0.34 0.37 0.36 0.37 0.48 0.40 0.46 0.41 0.49 0.50 0.46 0.45 
FeD 0.30 0.36 0.37 0.42 0.42 0.50 0.44 0.38 0.44 0.44 0.41 0.41 
MnO 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.02 0.04 0.04 0.03 0.05 
MgO 0.15 0.21 0.17 0.23 0.22 0.31 0.24 0.21 0.26 0.30 0.29 0.23 
CaO 0.55 0.57 0.58 0.57 0.47 0.32 0.49 0.21 0.80 0.70 0.57 0.77 
Ne20 4.22 4.17 4.06 4.15 4.12 4.04 4.03 4.37 4.01 3.95 3.85 4.06 
1<20 4.98 4.85 4.78 4.BO 4.82 4.72 4.97 4.79 4.78 4.79 4.81 4.57 
P205 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 
Total 99.89 99.89 99.61 100.23 100.48 100.02 100.17 100.50 100.07 100.39 100.25 100.14 

Fb 234 215 246 247 242 203 220 196 205 180 192 182 
Sr 58 54 59 68 SO 91 81 H 82 103 74 93 
Sa 63 100 63 110 43 131 123 83 112 134 79 77 
Zr 69 81 88 80 81 84 76 76 86 82 75 87 
Y 11 11 14 11 17 16 13 13 14 13 15 13 
Nb 10 14 22 24 28 18 14 14 14 10 11 13 
Th 28 26 25 24 32 29 31 29 30 27 28 32 
U b.d.1 b.d.! 5 2 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 
Zn 18 15 18 19 20 22 23 21 29 19 1 9 24 
NI b.d.1 b.d.1 b.d.! b.d.! 26 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 
Pb 25 32 32 27 29 18 32 22 34 38 36 39 

Sample No 85 86 87 88 89 90 91 92 93 94 95 96 
Unit G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 

9102 75.65 75.91 76.22 75.73 75.85 75.91 76.28 75.93 76.09 76.47 75.95 75.70 
TI02 0.11 0.12 0.11 0.13 0.11 0.12 0.13 0.13 0.12 0.12 0.15 0.15 
AI203 13.85 13.62 13.45 13.88 13.57 13.51 13.45 13.53 13.42 13.22 13.31 13.62 
Fe(tot) 0.91 0.92 0.85 0.99 0.81 0.89 0.86 0.96 0.87 0.87 1.08 1.03 
Fe203 0.53 0.48 0.47 0.50 0.43 0.47 0.37 0.50 0.45 0.45 0.50 0.46 
FeD 0.34 0.40 0.34 0.44 0.34 0.38 0.44 0.42 0.38 0.38 0.52 0.51 
MnO 0.03 0.04 0.04 0.05 0.06 0.04 0.03 0.03 0.04 0.04 0.04 0.03 
MgO 0.19 0.23 0.23 0.28 0.20 0.23 0.24 0.25 0.28 0.20 0.29 0.24 
CaO 0.73 0.60 0.57 0.60 0.72 0.58 o.se 0.58 0.55 0.63 0.S4 0.84 
Ne20 4.30 4.17 4.08 4.07 4.35 3.98 3.96 4.14 4.19 4.16 4.01 4.08 
K20 4.58 4.88 4.67 4.77 4.60 4.87 4.85 4.ee 4.67 4.56 4.82 4.78 
P20S 0.03 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
Total 100.34 100.26 100.19 100.25 100.24 100.10 100.35 100.20 100.20 100.25 100.15 100.25 

FIb 200 243 238 233 265 223 221 238 259 246 247 247 
Sr 72 82 68 82 59 78 74 75 68 62 74 76 
Sa 59 58 86 96 61 95 97 66 64 79 134 142 
Zr 78 91 75 94 85 91 84 91 90 83 101 94 
Y 13 15 14 18 14 13 13 14 14 16 15 14 
Nb 14 20 18 19 22 11 13 21 18 19 16 18 
Th 39 37 40 44 34 31 34 35 32 31 32 30 
U b.d.! b.d.1 b.d.1 b.d.! 2 b.d.! b.d.! 5 b.o.1 b.cl.l b.d.1 4 
Zn 22 22 28 27 25 23 28 26 28 24 25 25 
NI b.d.1 b.d.1 b.d.1 b.d.l 28 b.d.! b.d.! b.d.! b.d.! b.d.! ' b.d.! b.o.1 
Pb 33 39 39 41 47 41 30 39 41 37 35 34 

Samp!eNo 97 98 99 100 101 102 103 104 105 108 107 lOa. 
Unit G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 

9102 78.20 76.22 76.39 78.115 75.79 75.81 75.57 76.87 16.29 76.04 75.56 76.95 
TIOl! 0.14 0.15 0.14 0.13 0.13 0.12 0.12 0.14 0.11 0.14 0.13 0.12 
AI203 13.27 13.18 13.28 13.50 13.50 13.49 13.86 13.12 13.38 13.48 13.83 13.50 
Fe(tot) 0.96 1.00 0.83 0.97 0,95 0.79 0.87 0.89 0.85 0.91 0.94 0.87 

, Fe203 0.42 0.44 0.34 0.60 0.48 0.3& 0.42 0.38 0.46 0.37 0.45 0.43 
FsO 0.48 0.51 0.44 0.42 0.42 0.38 0.40 0.48 0.36 0.48 0.44 0.40 
MnO 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.02 0.03 0.04 0.03 0.03 
MgO 0.28 0.30 0.26 0.26 0.32 0.45 0.32 0.35 0.15 0.18 0.22 0.21 
CaO 0.48 0.51 0.51 0.57 0.60 0.31 0.39 0.53 0.71 0.70 0.62 0.59 
Ne20 4.12 4.05 4.15 4.21 4.14 4.26 4.07 4.01 4.01 4.04 4.10 4.05 
1<20 4.70 4.81 4.55 4.84 4.77 4.82 4.15 4.45 4.87 4.67 4.86 4.87 
P20S 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
Total 100.13 100.20 100.11 100.44 100.11 99.87 100.16 100.37 100.40 100.14 100.07 100.18 

Fb 238 2411 218 229 255 240 201 180 243 2211 248 U5 
Sr 154 70 6& 70 80 61 91 78 66 75 t\5 70 
ea 126 131 79 98 93 68 229 81 100 144 123 93 
Zr 93 98 ee 811 93 90 71 88 84 91 92 811 
y 15 16 13 14 17 16 12 12 13 11 14 12 
Nb 22 21 17 17 22 15 12 15 16 17 18 20 
Th 30 28 28 31 28 33 32 32 31 29 34 2\l 
U bod.! b.d.l b.d.1 b.d.1 3 4 b.d.1 b.d.! b.d.! b.d.! b.d.1 2 
Zn 21 25 20 24 21 24 21 21 23 23 24 24 
Nl b.d.! b.d.1 b.d.1 b.d.! 28 b.d.! b.d.! b.d.1 b.d.1 b.d.! b.d.1 b.d.! 
Pb 31 43 29 33 28 23 28 31 38 41 34 34 



APPENDIX 3.5 : CONTINUED - BARNESMORE PLUTON. 

Sample No 109 110 111 112 113 114 115 116 117 118 119 120 
Unit G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2PF 

SI02 76.43 75.75 75.65 76.62 75.81 75.94 75.94 75.68 75.52 75.64 75.92 76.23 
TI02 0.12 0.122 0.134 0.132 0.11 0.119 0.112 0.127 0.122 0.142 0.136 0.125 
AI203 13.39 13.52 13,36 13.46 13.59 13.61 13.81 13.71 13.62 13.83 13.46 13.32 
Fa(tot) 0.7 0.92 0.93 0.82 0.91 0.85 0.76 0.94 0.94 0.84 0.96 0.e9 
Fe203 0.26 0.47 0.43 0.33 0.53 0.43 0.36 0.47 0.54 0.31 0.45 0.44 
Fee 0.4 0.4 0.45 0.44 0.34 0.38 0.36 0.42 0.36 0.48 0.46 0.41 
MnO 0.02 0.037 0.031 0.017 0.031 0.025 0.018 0.031 0.036 0.023 0.042 0.032 
MgO 0.19 0.22 0.2 0.16 0.2 0.18 0.2 0.22 0.26 0.22 0.27 0.25 
CaO 0.44 0.58 0.68 0.74 0.68 0.56 0.64 0.61 0.75 0.58 0.65 0.66 
Na20 4.24 4.03 4.11 4.13 4.11 4.12 4.13 4.14 3.97 4.04 3.93 3.87 
K20 4.75 4.81 0.66 4.55 4.66 4.77 4.83 4.91 4.94 5 4.89 4.85 
P205 0.027 0.03 0.034 0.027 0.034 0.025 0.022 0.025 0.03 0.029 0.029 0.028 
Total 100.26 99.967 99.726 100.6 99.726 100.16 100.42 100.34 100.15 100.29 100.23 100.11 

Fb 274 228 237 241 237 212 205 219 214 186 213 215 
Sr 48 84 74 67 71 81 69 70 80 77 84 75 
sa 91 111 119 90 95 80 75 99 119 137 113 102 
Zr 106 76 95 88 83 80 75 88 87 84 79 86 
Y 14 14 15 15 14 12 14 14 14 14 18 14 
Nb 22 12 15 19 19 19 14 15 10 11 14 14 
Th 28 25 26 36 33 31 25 33 36 33 29 41 
U 5 b.d.! b.d.! b.d.1 3 b.d.! b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 
Zn 23 24 23 22 22 19 20 19 22 21 25 22 
NI b.d.1 b.d.1 b.d.! b.d.1 26 b.d.! b.d.1 b.d.! b.d.1 b.d.! b.d.1 b.d.! 
Pb 31 34 36 38 35 32 29 35 40 30 35 32 

Sample No 121 122 123 124 125 126 127 128 129 130 131 132 
Unit G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF 

SI02 76.22 76.04 73.89 74.28 76.18 75.57 75.89 75.98 75.83 75.78 78.43 78.10 
TI02 0.12 0.14 0.16 0.15 0.15 0.15 0.13 0.13 0.13 0.12 0.12 0.12 
AI203 13.60 13.42 14.70 14.36 13.30 14.36 13.89 13.53 13.71 13.60 13.30 13.39 
Fe(to!) 0.85 1.01 1.12 0.98 0.99 0.98 1.Q1 0.97 0.88 0.85 0.73 0.89 
Fe203 0.44 0.47 0.50 0.41 0.41 0.41 0.62 0.48 0.41 0.40 0.31 0.44 
FeO 0.38 0.48 0.56 0.52 0.52 0.52 0.44 0.44 0.42 0.41 0.38 0.40 
MnO 0.05 0.03 0.03 0.03 0.04 0.03 0.04 0.03 0.03 0.03 0.02 0.04 
MgO 0.23 0.34 0.38 0.37 0.22 0.37 0.27 0.23 0.25 0.19 0.19 0.20 
CaO 0.68 0.74 0.64 0.74 0.61 0.74 0.60 0.67 0.41 0.68 0.112 0.64 
Na20 4.17 3.98 4.12 4.31 4.22 4.31 4.12 4.13 4.29 4.18 4.10 3.88 
K20 4.72 4.51 4.99 4.80 4.40 4.80 4.61 4.81 4.73 4.74 4.54 4.78 
P205 0.02 0.04 0.03 0.04 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.02 
Total 100.82 100.18 100.00 99.79 100.09 99.79 100.40 100.27 100.29 100.15 100.04 100.00 

Fb 241 178 171 181 229 230 199 218 231 236 243 192 
Sr 75 96 155 84 73 68 103 74 70 67 119 77 
sa 67 132 346 74 105 71 109 105 102 75 142 82 
Zr 71 86 108 81 99 85 91 91 90 89 81 80 
Y 14 16 18 18 14 12 14 15 12 13 13 18 
Nb 15 10 12 14 21 15 12 16 18 15 18 11 
Til 25 28 10 35 33 34 36 32 30 33 2B 32 
U b,d.1 b.d.1 b.d.1 b.d,1 b.d.! 3 3 2 b.d.! 4 b.d.1 b.d.1 
Zn 23 22 25 23 25 25 24 20 24 25 21 25 
HI b.d.J b.d.! b.d.! b,d.! 28 b.d.! b.d.1 b.d.1 b.d.1 b,d.1 b,d.J b.d'! 
Pb 40 34 30 22 32 30 34 35 29 36 32 35 

Sample No 133 134 135 136 137 138 139 140 141 142 143 144 
Unit G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2PF 

Sl02 75.88 76.45 78.38 76.37 76.24 76.46 76.91 76.49 76,58 76.50 78.07 76.17 
TI02 0.15 0.14 0.13 0.15 0,10 0.09 0.07 0.12 0.13 0.13 0.10 0.13 
AI203 13.35 12.98 13.17 13.09 12.98 13.34 13.29 13.13 13.13 13.19 13.61 13.27 
Fe(lot) 0.99 1.01 0.96 1.07 0.79 0.85 0.53 0.87 0.94 0.90 0.60 0.98 
Fe203 0.48 0.48 0.48 0.47 0.39 0.55 0.29 0.31\ 0.46 0.42 0.46 0.50 
Fee 0.46 0.48 0.48 0.64 0.38 0.27 0.22 0.44 0.43 0.43 0.31 0.43 
MnO 0.03 0.03 0.03 0.03 0.03 0.03 0.01 0.02 0.03 0.03 0.02 0.04 
MgO 0.24 0.22 0.23 0.29 0.18 0.20 0.08 0.20 0.22 0.22 0.17 0.23 
CaO 0.69 0.50 0.57 0.55 0.48 0.55 0.34 0.52 0.69 0.47 0.70 0.61 
Na20 4.18 4.10 4.03 3.98 4.11 4.39 4.66 4.06 4.11 4.12 4.111 4.07 
K20 4.85 4.76 4.72 4.77 4.70 4.47 4.51 4.83 4.60 4.75 4.68 4.86 
1"205 0.03 0.02 0.02 0.03 0.02 0.02 0.01 0.03 0,03 0.03 0.02 0.03 
Total 100.02 100.18 100.19 100,25 99.58 100.36 100.29 100.22 100.39 100.28 100.16 100.14 

Fb 219 246 256 248 236 242 359 241 237 250 245 265 
Sr 89 64 62 86 44 37 17 53 89 65 58 75 
sa 139 121 112 160 19 b.d.1 b.d.! 98 112 108 51 136 
zr 99 107 99 98 80 44 90 eo 88 9!1 84 92 
Y 22 22 29 21 21 18 29 19 22 19 20 27 
Nb 20 22 20 20 21 19 31 17 23 14 20 29 
Th 28 27 26 28 27 25 27 29 25 31 27 28 
U b.d.1 b.d.! 2 b.d,1 4 b,d.l 4 b.d.1 2 2 b.d.1 4 
Zn 18 18 14 15 13 to 8 11 17 14 10 19 
NI b.d.! b.d.1 b.d.1 b.d.! 28 b.d.J b.d.1 b,d.! b.d'! b.d.1 b.d.! b.d.1 
Pb 38 33 36 34 42 43 21 40 39 39 32 42 



APPENDIX 3.5 : CONTINUED - BARNESMORE PLUTON. 

Sample No 145 146 147 148 149 150 151 152 153 154 155 156 
Unit G2I'F G2PF G2PF G2PF G2PF G2PF G2PF G2PF G2I'F G2PF G2I'F G2PF 

SI02 76.67 76.02 76.22 76.22 75.88 78.22 76.71 76.08 75.80 75.90 76.06 76.71 
Tl02 0.13 0.15 0.13 0.12 0.15 0.14 0.15 0.12 0.14 0.13 0.16 0.15 
AI203 12.99 13.39 13.30 13.18 13.24 13.15 12.90 13.31 13.39 13.32 13.37 13.17 
Fe(tot) 1.00 1.03 0.98 0.94 1.08 1.04 1.02 0.91 1.03 1.00 1.02 1.03 
Fe203 0.52 0.45 0.50 0.54 0.50 0.51 0.64 0.48 0.50 0.52 0.42 0.45 
FeO 0.43 0.52 0.43 0.38 0.52 0.48 0.34 0.39 0.48 0.43 0.54 0.52 
MnO 0.03 0.03 0.04 0.03 0.04 0.04 0.02 0.02 0.03 0.03 0.02 0.03 
MgO 0.21 0.25 0.22 0.20 0.26 0.21 0.24 0.25 0.27 0.25 0.26 0.27 
GaO 0.51 0.69 0.57 0.57 0.62 0.59 0.44 0.50 0.69 0.54 0.50 0.49 
Na20 3.89 4.03 4.15 4.03 4.13 4.13 3.97 4.33 4.11 4.15 4.03 4.05 
K20 4.86 4.75 4.66 4.77 4.a9 4.63 4.75 4.55 4.66 4.71 4.89 4.75 
P205 0.03 0.04 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
To\al 100.27 100.32 100.25 100.05 100.06 100.12 100.20 100.06 100.11 100.01 100.26 100.62 

Fb 261 265 274 248 246 247 255 280 264 261 217 223 
Sr 58 77 65 63 72 67 61 47 66 65 67 80 
I9a 111 151 104 99 118 123 130 77 139 105 155 143 
Zr 105 99 92 88 99 95 102 99 106 85 101 102 
Y 24 24 24 21 23 23 25 27 26 24 15 16 
Nb 22 22 20 16 21 21 24 28 28 20 19 20 
Th 35 29 28 29 31 29 25 31 35 27 33 30 
U b.d.! 2 2 b.d.1 2 b.d.1 3 b.d.1 b.d.1 b.d.1 b.d.1 b.d.! 
Zn 12 21 17 18 20 15 15 12 18 11 24 22 
NI b.d.! b.d.! b.d.! b.d.! 26 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 
Pb 41 44 42 37 37 37 27 32 35 33 37 30 

Sample No 151 158 159 160 161 162 163 164 165 166 167 166 
Unit G2I'F G2PF G2I'F G2PF G2I'F G2I'F G2I'F G2I'F G2I'F G2PF G2I'F G2PF 

SI02 76.27 76.15 76.21 75.56 75.80 75.93 75.32 76.21 76.94 76.89 76.23 75.66 
TI02 0.17 0.15 0.14 0.14 0.16 0.17 0.13 0.17 0.13 0.12 0.13 0.17 
AI203 13.08 13.38 13.39 13.72 13.49 13.38 12.70 13.31 13.09 13.24 13.37 13.60 
Fe(tot) 1.12 1.08 0.99 1.06 1.07 1.18 0.86 1.04 0.87 0.88 0.97 1.15 
Fe203 0.48 0.48 0.45 0.52 0.47 0.49 0.37 0.39 0.40 0.42 0.48 0.49 
FeO 0.60 0.62 0.49 0.49 0.54 0.82 0.44 0.59 0.42 0.41 0.45 0.80 
MnO 0.02 0.05 0.03 0.04 0.03 0.04 0.02 0.05 0.03 0.03 0.04 0.03 
MgO 0.33 0.24 0.28 0.30 0.26 0.29 0.27 0.22 0.22 0.17 0.19 0.30 
GaO 0.37 0.74 0.84 0.74 o.ell 0.68 0.49 0.86 0.38 0.53 0.84 0.68 
Na20 4.31 4.24 4.10 4.24 4.18 4.09 4.09 4.17 4.09 3.97 4.11 4.19 
K20 4.53 4.37 4.80 4.53 4.66 4.50 4.43 4.34 4.79 4.86 4.12 4.89 
P205 0.1)4 0.03 0.03 0.03 0.04 0.04 0.03 0.04 0.03 0.03 0.04 0.06 
Totlll 100.17 100.35 100.33 100.30 100.33 100.20 98.28 100.14 100.50 100.67 100.40 100.35 

Fb 240 241 233 225 241 253 247 244 253 253 245 282 
Sr 82 78 70 78 89 81 47 78 48 52 88 68 
I9a 139 130 110 83 109 125 31 99 114 ge 114 142 
Zr 106 105 90 88 103 110 104 99 90 90 86 113 
Y 18 18 15 13 18 15 13 19 18 19 111 10 
Nb 22 26 19 20 19 21 22 30 24 20 20 25 
Th 27 28 24 24 27 29 31 32 29 32 32 32 
U b.d.1 4 10 3 2 b.d.! 2 b.d.1 II 3 2 4 
Zn 23 28 24 27 26 29 21 26 18 17 25 29 
NI b.d.! b.d.! b.d.1 b.d.! 26 b.d.! b.d.! b.d.! b.d.1 b.d.! b.d.1 b.d.1 
Pb 28 41 33 39 40 33 34 36 40 42 35 38 

Sample No 189 170 171 172 173 174 175 178 117 178 179 180 
Unit G2I'F G2PF G2I'F G2PF G2I'F G2PF G3 G3 G3 G3 G3 G3 

8102 76.46 77.73 79.75 78.44 75.62 65.33 78.54 78.91 78.59 76.92 77.27 76.88 
TI02 0.12 0.11 0.01 0.11 0.13 0.18 0.08 0.07 0.08 0.01 0.07 0.0$ 
AI203 13.98 13.65 11.84 12.33 13.66 16.99 13.11 13.29 13.27 13.34 13.28 13.23 
Fe(lol) 0.88 0.82 0.44 0.10 0.98 1.00 0.85 0.115 0.84 0.86 0.47 0.58 
Fe203 0.39 0.25 0.24 0.33 0.48 0.37 0.39 0.34 0.38 0.47 0.39 0.32 
FeO 0.44 0.34 0.18 0.34 0.44 0.111 0.23 0.19 0.23 0.17 0.07 0.23 
MnO 0.03 0.02 0.02 0.04 0.04 0.03 0.02 0.02 0.01 0.01 0.02 0.03 
MgO 0.23 0.22 0.09 0.21 0.24 0.31 0.111 0.09 0.11 0.08 0,10 0.09 
GaO 0.29 0.18 0.42 0.22 0.42 0.10 0.51 0.4. 0.58 0.42 0.38 0.40 
Na20 4.13 4.15 4.75 3.97 4.04 5.97 4.42 4.119 4.42 4.48 4.58 4.45 
K20 4.68 4.74 3.45 4.50 4.88 7.32 4.40 4.34 4.111 4.39 4.38 4.42 
P205 0.03 0.02 0.02 0.02 0.03 0.03 0.01 0.01 0.02 0.01 0.01 0.01 
Total 99.78 100.39 100.62 100.50 99.&7 99.18 99.87 100.34 100.18 100.37 100.64 100.14 

Fb 193 198 130 180 195 257 177 344 310 331 358 343 
Sr 80 72 52 58 89 as 27 25 30 24 20 19 
I9a 106 Be 34 28 103 2811 lI.d.1 lI.d.1 b.d.1 6 bod.1 b.d.! 
Zr 85 78 59 73 86 108 15 71 78 75 80 92 
y 18 14 14 112 18 15 28 28 28 26 31 as 
Nb 15 15 13 13 13 21 :13 27 30 26 29 27 
Th 26 27 31 34 35 36 24 27 28 ·28 28 27 
U b.d.1 b.d.! b.d.! b.d.! b.d.1 b.d.1 28 7 8 b.cl.l 18 Ii 
Zn 115 14 8 18 29 25 12 7 9 f 1 12 13 
NI b.d.1 b.d.1 b.d.1 b.d.! 28 b.d.! b.d.1 b.d.1 b.d.! b.d.1 b.d.t b.d.l 
Pb 25 25 12 13 8 14 46 42 43 34 22 28 



APPENDIX 3.5 : CONTINUED - BARNESMORE PLUTON. 

Sample No 181 182 183 184 185 186 187 188 189 190 191 192 
Unit G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 

SI02 76.36 76.30 76.28 76.68 75.10 76.67 76.89 76.83 76.63 76.88 76.55 76.73 
TI02 0.07 0.10 0.01 0.06 0.07 0.06 0.07 0.07 0.07 0.07 0.07 0.08 
AI203 13.50 13.20 13.54 13.19 14.17 13.34 13.23 13.30 13.22 13.21 13.28 13.25 
Fe(tot) 0.69 0.84 0.58 0.58 0.57 0.57 0.56 0.70 0.63 0.48 0.66 0.66 
Fe203 0.48 0.50 0.45 0.40 0.36 0.39 0.35 0.40 0.42 0.25 0.47 0.40 
FeO 0.19 0.31 0.12 0.16 0.19 0.16 0.19 0.27 0.19 0.19 0.17 0.23 
MnO 0.03 0.03 0.03 0.02 0.02 0.03 0.04 0.02 0.03 0.01 0.01 0.02 
MgO 0.12 0.22 0.11 0.07 0.11 0.12 0.14 0.14 0.09 0.08 0.10 0.12 
Cae> 0.47 0.50 0.42 0.39 0.56 0.38 0.42 0.39 0.38 0.27 0.34 0.38 
Ne20 4.68 4.45 4.66 4.81 4.42 4.66 4.61 4.50 4.56 4.67 4.52 4.49 
K20 4.39 4.42 4.53 4.30 4.98 4.45 4.37 4.58 4.49 4.37 4.49 4.42 
P205 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Total 100.31 100.31 100.22 100.10 99.99 100.29 100.31 100.52 100.09 100.01 100.02 100.13 

FIb 359 306 366 416 338 392 351 374 370 342 360 338 
Sr 24 27 23 9 60 17 21 19 18 19 23 24 
Sa b.d.1 b.d.! b.d.1 b.d.! 62 b.d.1 b.d.1 b.d.1 b.d.1 b.d./ b.d.1 b.d.1 
Zr 75 75 79 88 77 68 69 77 73 70 72 70 
Y 27 25 28 32 27 29 29 30 28 27 27 27 
Nb 27 25 30 35 26 20 29 28 27 28 29 32 
Th 23 20 24 26 24 23 29 30 28 23 23 23 
U 8 11 15 7 8 7 14 7 4 4 5 3 
Zn 14 18 14 11 13 12 15 12 14 10 20 11 
N/ b.d.! b.d.! b.d.! b.d.1 26 b.d.! b.d.1 b.d.! b.d.! b.d.! b.d.! b.d.! 
Pb 37 41 29 36 40 43 40 36 39 18 22 33 

Sample No 193 194 195 196 197 198 199 200 201 202 203 204 
Unit G3 G3 G3 G3 G3 G3 G3 G3 G3 GS G3 G3 

SI02 76.95 76.90 76.55 77.10 77.10 76.91 76.57 76.63 76.27 77.23 77.70 77.24 
TI02 0.08 0.08 0.09 0.07 0.07 0.08 0.09 0.09 0.10 0.06 0.07 0.07 
AI203 13.30 13.55 13.49 13.44 13.27 13.42 13.46 13.42 13.67 13.22 13.17 13.22 
Fe(tot) 0.53 0.63 0.65 0.43 0.62 0.62 0.70 0.70 0.65 0.53 0.60 0.53 
Fe203 0.29 0.39 0.38 0.23 0.41 0.38 0.41 0.41 0.32 0.38 0.40 0.32 
FeD 0.22 0.22 0.24 0.18 0.19 0.22 0.26 0.26 0.30 0.14 0.18 0.19 
MnO 0.02 0.01 0.03 0.02 0.02 0.03 0.03 0.02 0.02 0.01 0.02 0.02 
MgO 0.12 0.10 0.11 0.07 0.09 0.11 0.13 0.15 0.15 0.10 0.09 0.11 
Cae> 0.38 0.38 0.48 0.49 0.47 0.43 0.53 0.81 0.63 0.40 0.48 0.33 
Ne20 4.49 4.56 4.66 4.77 4.53 4.55 4.11 4.38 4.62 4.29 4.36 4.62 
K20 4.42 4.41 4.44 4.29 4.58 4.48 4.91 4.44 4.27 4.72 4.51 4.45 
P20S 0.01 0.02 0.02 0.02 0.02 0,01 0.02 0.02 0.02 0.01 0.01 0.02 
Total 100.13 100.60 100.48 100.66 100.75 100.60 100.50 100.41 100.36 100.97 100.97 100.58 

FIb 331 297 374 327 342 339 233 265 269 321 296 319 
Sr 21 25 , 22 25 20 25 56 86 60 20 24 22 
Sa b.d.1 b.d.! b.d.1 b.d.1 b.d.1 b.d.! b.d.1 12 25 b.d.1 b.d./ b.d./ 
Zr 90 80 81 71 74 73 55 55 68 67 60 70 
Y 13 14 17 13 16 15 14 12 13 12 12 13 
Nb 24 28 32 21 29 20 15 111 20 18 22 a4 
Th 32 24 31 25 29 31 30 28 26 29 20 28 
U 7 5 4 7 5 4 b.d./ 10 e b.d.! 7 12 
Zn 17 18 19 13 1 e 20 18 19 22 1$ ,18 17 
NI b.d.! b.d.! b.d.1 b.d.1 26 b.d.! b,d.1 b.d.1 b.d.1 b.d.! b.d.1 b.d.! 
Pb 34 24 53 39 43 33 34 34 36 35 38 27 

Samp/eNo 205 208 207 208 209 210 211 212 213 214 215 216 
Unit G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 

SI02 76.70 77.01 76.114 76.76 76.33 77.27 76.94 77.02 76.62 79,10 76.78 7S.74 
TI02 0.07 0.07 0.07 0.07 0.10 0.06 0.07 0.08 0.07 0.06 0.07 0.07 
AI203 13.27 13.35 13.35 13.45 13.68 13.29 13.46 13.33 13.41 12.33 13.38 13.37 

, Fa(tot) 0.62 0.53 0.48 0.65 0.81 0.44 0.59 0.65 0.111 0.45 0.59 0.65 
Fe203 0.41 0.33 0.28 0.43 0.47 0.29 0.38 0.41 0.39 0.32 0.37 0.43 
FeO 0.19 0.1S 0.18 0.20 0.30 0.13 0.19 0.22 0.20 0.12 0,20 0.20 
MnO 0.03 0.02 0.01 0.03 0.03 0.01 0.03 0.02 0.02 0.01 0.03 0.02 
MgO 0.10 0.09 0.08 0.13 0.18 0.04 0.011 0.14 0.09 0.05 0.13 0.011 
Cae> 0.40 0.31 0.34 0.42 0.61 0.45 0.44 0.46 0.45 0.43 0.37 0.43 
Na20 4.70 4.72 4.48 4.57 4.48 4.70 4.60 4.7S 4.79 4.15 4.48 4,34 
K20 4.28 4.41 4.43 4.49 4.60 4.39 4.44 4.19 4.23 4.40 4.51 4.73 
P205 0.02 0.01 0.01 0.02 0.04 0,01 0.01 0.02 0.01 0.01 0.02 0.02 
Total 100.18 100.49 100.17 100.56 100.68 100.65 100.64 100.84 100.28 100.98 100.33 100.44 

FIb 360 389 385 345 300 337 345 240 280 29B 343 320 
Sr 17 17 17 24 40 10 20 31 17 21 20 20 

'Sa b.d.! b.d.1 b.d./ b.d.! 26 b.d.l b.d.! b.d./ b.d.1 b.d./ b.d./ b.d./ 
Zr 76 73 79 81 85 64 77 82 84 72 62 63 
Y 15 14 15 14 13 13 13 17 12 14 12 12 
Nb 26 28 26 34 21 21 23 16 21 30 24 18 
Th 27 26 28 29 25 23 25 20 31 20 30 29 
U 7 2 4 b.d.l b.d.! b.d.! 4 7 b.d.! 5 6 b.d./ 
Zn 20 14 16 17 22 18 19 15 14 12 18 20 
Nt b.d.1 b.d.1 b.d.t b.d./ 26 b.d.1 b.d.! b.d.1 b.d.! b.d.\ b.d.! b.d.1 
Pb 31 27 31 41 43 35 41 34 34 38 26 3$ 



APPENDIX 3.5 : CONTINUED - BARNESMORE PLUTON. 

Sample No 217 218 219 220 221 222 223 224 225 226 227 228 
Unit G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 

SI02 76.90 77.02 76.95 77.03 76.74 77.37 77.82 77.62 77.17 76.59 77.45 78.10 
TI02 0.08 0.07 0.08 0.08 0.06 0.08 0.05 0.07 0.07 0.08 0.08 0.06 
A!203 13.31 13.27 13.32 13.47 13.61 13.31 13.02 13.27 13.28 13.29 12.87 12.48 
Fa(lot) 0.67 0.66 0.68 0.65 0.60 0.61 0.48 0.32 0.61 0.66 0.68 0.52 
Fa203 0.40 0.44 0.44 0.41 0.33 0.38 0.37 0.10 0.40 0.40 0.36 0.34 
FeD 0.24 0.20 0.22 0.22 0.16 0.21 0.10 0.20 0.19 0.23 0.29 0.16 
MnO 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.04 0.03 0.03 0.02 
MgO 0.14 0.09 0.11 0.13 0.07 0.09 0.06 0.04 0.08 0.14 0.14 0.12 
CaD 0.43 0.44 0.50 0.47 0.56 0.41 0.46 0.44 0.42 0.71 0.50 0.50 
Na20 4.41 4.48 4.42 4.41 4.54 4.60 4.52 4.58 4.51 4.28 3.92 3.62 
K20 4.47 4.42 4.47 4.61 4.56 4.42 4.36 4.46 4.38 4.35 4.84 4.97 
P205 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01 
Tota! 100.43 100.47 100.53 100.87 100.66 100.90 100.79 100.79 100.55 100.11 100.49 100.37 

Fb 270 307 248 283 256 317 316 347 366 185 228 213 
Sr 41 22 36 33 28 25 15 22 25 39 33 37 
Sa b.d.l b.d.! b.d.l b.d.1 b.d.! b.d.1 b.d.l b.d.1 b.d.l b.d.1 b.d.! b.d.1 
Zr 77 74 71 72 42 76 39 72 73 67 62 33 
Y 13 13 14 12 9 12 11 15 12 16 18 15 
Nb 18 24 17 17 15 25 21 27 27 13 16 15 
Th 34 32 31 27 23 25 18 28 26 31 32 14 
U b.d.l b.d.1 b.d.1 b.d.1 b.d.1 b.d.! b.d.1 10 8 8 b.d.1 b.d.1 
Zn 21 17 17 20 14 17 11 10 21 14 14 4 
NI b.d.1 b.d.1 b.d.l b.d.! b.d.! b.d.! b.d.l b.d.1 b.d.1 b.d.1 b.d.1 b.d.1 
Pb 31 34 40 30 35 31 36 39 33 34 35 31 

Sample No 229 230 231 232 233 
Unit G3 G3 G3 G3 G3 

SI02 76.77 76.72 76.40 77.52 76.66 
TI02 0.10 0.09 0.09 0.12 0.09 
AI20S 13.18 13.S8 13.60 12.72 13.37 
Fa(tot) 0.64 0.71 0.74 0.89 0.67 
Fa203 0.50 0.44 0.43 0.47 0.39 
FeD 0.30 0.24 0.28 0.38 0.28 
MoO 0.01 0.02 0.02 0.03 0.03 
MgO 0.13 0.16 0.18 0.27 0.19 
CaD 0.47 0.64 0.49 0.52 0.52 
Na20 4.22 4.12 4.39 4.10 4.30 
K20 4.69 4.72 4.64 4.38 4.55 
P205 0.02 0.02 0.02 0.02 0.02 
Total 100.38 100.55 100.60 100.52 100.38 

Fb 237 217 287 232 254 
Sr 28 56 45 53 44 
Sa b.d.l b.d.! 18 16 15 
Zr 89 61 81 88 72 
Y 17 13 12 14 11 
Nb 29 12 20 18 17 
Th 36 26 28 33 27 
U 3 b.d.! b.d.! 2 b.d.! 
Zn 13 15 24 28 18 
NI b.d.1 b.d.1 b.d.! b.d.1 b.d.1 
Pb 23 34 34 32 31 



APPENDIX 3.6 : MAIN DONEGAL GRANITE (CURTIS, IN ATKIN 1977) 

Sample 2NF 5NF 6NF 7NF 16NF 19NF 37NF 38NF 39NF 3/4NF 17/18NF 4SF 
·Unit light light light light light light light light light light light light 

SI02 72.50 71.50 70.10 71.40 72.60 72.10 70.10 72.70 72.40 73.10 71.70 71.50 
Ti02 0.22 0.29 0.37 0.29 0.18 0.30 0.37 0.24 0.25 0.21 0.30 0.30 
AI203 15.60 14.70 15.50 15.50 15.40 15.00 15.30 14.80 14.60 14.50 15.10 15.40 
Fe203 0.06 0.61 0.67 0.46 0.00 0.56 0.90 0.69 0.60 0.41 0.43 0.45 
FeO 1.30 1.30 1.70 1.30 1.30 1.20 1.30 1.00 1.00 0.96 1.60 1.30 
Fe(tot) 1.36 1.33 1.73 1.33 1.32 1.23 1.33 1.04 1.03 0.98 1.64 1.33 
MnO 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.04 0.03 0.02 0.04 0.03 
MgO 0.48 0.65 0.87 0.67 0.56 0.63 0.70 0.56 0.51 0.50 0.68 0.67 
CeO 1.90 2.00 2.20 2.20 1.70 1.80 1.90 1.80 1.50 1.80 2.20 2.10 
Na20 3.80 3.70 4.00 4.20 3.70 3.60 3.60 3.90 3.10 3.60 4.60 4.30 
K20 4.20 4.40 3.90 3.70 4.10 4.90 4:50 3.60 4.70 4.20 3.60 3.60 
P205 0.33 0.45 0.64 0.49 0.64 0.53 0.61 0.58 0.44 0.45 0.53 0.50 
Total 100.42 99.05 99.34 99.81 100.22 100.12 98.44 99.26 98.56 99.36 100.39 99.73 

Sample BSF IISF 12SF 21SF 15SF 20SF 13SF 
Unit light light light light light light derk 

Si02 71.00 71.BO 70.00 74.00 73.80 71.10 69.00 
Ti02 0.30 0.26 0.37 0.27 0.23 0.43 0.41 
AI203 15.00 15.40 15.60 13.40 14.40 15.40 16.20 
Fe203 0.49 0.55 0.44 0.52 0.26 0.67 0.69 
FeO 1.40 1.30 1.60 1.00 0.75 1.60 2.10 
Fe(tot) 1.44 1.33 1.63 1.02 0.76 1.63 2.15 
M'lO 0.04 0.03 0.03 0.02 0.01 0.03 0.05 
MgO 0.58 0.72 0.73 0.39 0.32 0.73 0.89 
CeO 1.90 2.40 2.50 1.50 1.40 2.30 3.30 
Ne20 3.80 3.90 4.10 3.40 3.30 3.70 4.70 
K20 4.20 3.20 3.10 4.70 4.80 4.00 1.70 
P205 0.54 0.48 0.64 0.52 0.60 0.72 0.75 
Total 98.60 99.52 98.70 99.22 99.62 100.04 99.15 



APPENDIX 4 

MINERAL CHEMISTRY DATA 

4.1 Plagioclase (Normalised to 8 oxygen). 

4.2 Alkali feldspar (Normalised to 8 oxygen). 

4.3 Biotite (Normalised to 22 oxygen). 

4.4 Hornblende (Normalised to 23 oxygen). 

4.5 Muscovite (Normalised to 22 oxygen). 

4.6 Apatite (Normalised to 12.5 oxygen ). 

4.7 Epidote (Normalised to 25 oxygen). 

4.8 Magnetite (Normalised to 3 oxygen ). 

4.9 Gamet (Norm111ised to 12 oxygen). 

185 



APPENDIX 4.1 
PLAGIOCLASE ARDARA 

Sample ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 
Location Core/1 Rlm/1 Half/2 Haff/2 Core/2 Rlm/2 Core/3 Core/4 Rlm/4 Core/5 Core/6 Core/7 

5102 64.73 63.73 64.69 64.72 65.57 64.15 65.42 63.78 65.18 64.11 65.03 65.21 
Ti02 0.11 0.01 0.00 0.02 0.00 0.01 0.01 0.00 0.00 0.03 0.00 0.06 
AI203 22.25 22.20 21.95 21.65 21.74 22.07 21.35 22.76 21.71 21.69 21.58 21.74 
Cr203 0.00 0.12 0.00 0.11 0.00 0.07 0.00 0.08 0.08 0.00 0.16 0.05 
FeO 0.13 0.13 0.16 0.08 0.16 0.11 0.00 0.35 0.19 0.05 0.06 0.05 
MnO 0.05 0.00 0.00 0.06 0.05 0.00 0.00 0.00 0.00 0.14 0.00 0.04 
MgO 0.00 0.02 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
CeO 3.43 1.56 3.26 2.87 1.75 3.05 2.37 3.86 2.52 2.94 2.94 2.67 
NIO 0.09 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.06 0.00 0.09 
Na20 9.62 9.40 9.65 10.01 9.96 10.06 10.37 9.50 10.26 10.02 9.89 9.99 
K20 0.21 1.31 0.16 0.08 0.62 0.06 0.06 0.15 0.11 0.10 0.15 0.08 
SaO 0.00 0.16 0.07 0.06 0.21 0.00 0.00 0.02 0.26 0.02 0.00 0.00 
P205 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 100.46 98.63 99.94 99.66 100.12 99.58 99.59 100.24 100.19 99.13 99.81 99.99 

Si 2.84 2.86 2.86 2.87 2.89 2.85 2.89 2.62 2.88 2.69 2.86 2.86 
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.15 1.18 1.15 1.13 1.13 1.16 1.11 1.16 1.13 1.14 1.13 1.13 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
F'9 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ca 0.16 0.06 0.15 0.14 0.06 0.15 0.11 0.16 0.12 0.14 0.14 0.13 
NI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Na 0.62 0.62 0.63 0.66 0.85 0.87 0.89 0.81 0.88 0.87 0.85 0.86 
K 0.01 0.06 0.01 0.00 0.04 0.00 0.00 0.01 0.01 0.01 0.01 0.00 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sample ARD4 ARD4 ARD4 ARD4 ARD10 ARD10 ARD10 ARD10 ARD3 ARD3 ARD3 
Location Corel6 Corel9 Half/9 Rlm/9 Core/1 Rlml1 Core/2 Rlm/2 Corell Rlm!1 Core/2 

Si02 66.36 64.54 64.27 65.03 64.44 65.56 64.64 65.93 62.32 62.81 63.53 
Tl02 0.03 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.05 0.00 0.10 
AI203 22.06 23.32 23.06 22.61 22.36 21.21 22.31 21.79 23.97 23.20 23.64 
Cr203 0.02 0.06 0.64 0.00 0.00 0.06 0.02 0.01 0.00 0.00 0.04 
F'9O 0.00 0.12 0.12 0.19 0.16 0.17 0.17 0.11 0.06 0.06 0.30 
MnO 0.00 0.00 0.00 0.12 0.07 0.00 0.00 0.17 0.02 0.00 0.02 
MgO 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CeO 2.63 4.09 3.66 3.49 3.52 2.43 3.49 2.69 5.33 4.56 , 4.65 
NIO 0.00 0.03 0.01 0.00 n.d n.d n.d n.d 0.00 0.00 0.09 
Na20 10.27 9.46 9.39 9.63 9.60 10.15 9.95 10.32 6.64 8.41 8.66 
K20 0.03 0.14 0.16 0.21 0.14 0.06 0.16 0.17 0.14 0.30 0.19 
SaO 0.00 0.02 0.23 0.00 0.00 0.00 0.08 0.04 0.07 0.09 0.08 
P20S 0.06 0.00 0.00 0.00 0.13 0.17 0.10 0.32 0.00 0.00 0.03 
Total 101.14 101.60 100.83 101.05 99.97 99.43 100.65 101.42 100.21 99.21 101.18 

Sl 2.66 2.61 2.62 2.64 2.64 . 2.90 2.64 2.67 2.78 2.60 2.76 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.13 1.20 1.19 1.18 1.16 1.10 1.15 1.12 1.25 1.22 1.22 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
F'9 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01 
Mn 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ca 0.12 0.19 0.18 0.16 0.17 0.12 0.16 0.14 0.25 0.22 0.22 
NI 0.00 0.00 0.00 0.00 n.d n.d n.d n.d 0.00 0.00 0.00 
Na 0.86 0.80 0.80 0.82 0.82 0.87 0.85 0.87 0.73 0.73 0.74 
K 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 
Sa - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 



APPENDIX 4.1 : CONTINUED 
PLAGIOCLASE ARDARA PLAGIOCLASE FANAD 

Sample ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 Sample FAN19 FAN19 FAN19 
Location RimJ2 CoreJ3 Rim/3 Core/4 Rim/4 CorelS Rlm/S Location Core/1 Rlm/1 COre/2 

Pheno Pheno 
SI02 62.89 60.11 61.68 60.01 61.87 62.11 63.89 SlO2 60.13 61.66 59.35 
Ti02 0.00 0.04 0.00 0.01 0.00 0.01 0.00 TI02 0.00 0.00 0.00 
AI203 23.43 24.09 23.51 24.85 23.85 23.81 22.71 Al203 24.55 23.86 25.32 
Cr203 0.01 0.02 0.00 0.11 0.00 0.16 0.06 Cr203 0.00 0.03 0.02 
Fee 0.13 0.00 0.00 0.00 0.02 0.13 0.10 Fee 0.23 0.18 0.27 
MnO 0.04 0.03 0.09 0.00 0.01 0.00 0.00 MnO 0.07 0.00 0.04 
MgO 0.00 0.01 0.00 0.00 0.00 0.00 0.00 MgO 0.00 0.00 0.00 
GaO 4.78 5.66 5.18 6.55 5.29 5.05 3.82 GaO 6.41 5.59 7.30 
NIO 0.00 0.08 0.10 0.02 0.02 0.00 0.00 Na20 1.80 8.00 7.11 
Na20 9.07 8.22 8.49 7.84 8.55 8.63 9.55 K20 0.41 0.35 0.27 
K20 0.12 0.07 0.10 0.11 0.11 0.12 0.16 BaO 0.20 0.01 0.16 
SaO 0.30 0.00 0.00 0.00 0.00 0.00 0.02 P205 0.00 0.04 0.01 
Total 100.52 98.93 99.20 99.46 99.73 100.00 100.15 Total 100.00 99.67 99.83 

51 2.78 2.28 2.17 2.69 2.75 2.76 2.82 51 2.71 2.15 2.67 
TI 0.00 0.00 0.00 0.00 0.00 0.00 1.18 Tl 0.00 0.00 0.00 
AI 1.22 1.28 1.25 1.31 1.25 1.25 0.00 AI 1.29 1.26 1.34 
Cr 0.00 0.00 0.00 0.00 0.00 0.01 1.18 Cr 0.00 0.00 0.00 
Fe 0.01 0.00 0.00 0.00 0.00 0.01 0.00 Fe 0.01 0.01 0.01 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Mn 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Mg 0.00 0.00 0.00 
Ca 0.23 0.27 0.25 0.32 0.25 0.24 0.18 Ca 0.31 0.21 0.35 
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Na 0.68 0.69 0.62 
Na 0.18 0.12 0.74 0.68 0.74 0.74 0.82 K 0.02 0.02 0.02 
K 0.01 0.00 0.01 0.01 0.01 0.01 0.01 Ba 0.00 0.00 0.00 
Ba 0.01 0.00 0.00 0.00 0.00 0.00 0.00 P 0.00 0.01 0.03 

CONTINUED -PLAGIOCLASE FANAD 

Sample FAN19 FAN19 FAN19 FAN19 FAN19 FAN19 FAN19 FAN19 FAN19 FAN23 FAN23 FAN23 FAN23 
Location Haif/2 Rim/2 COle/3 Rlm/3 cOle/4 Half/5 Cora/6 Core/7 Core/8 Core/1 Rlml1 COle/2 Halfl2 

small small small 
SI02 59.59 60.49 59.63 60.05 60.92 60.59 61.58 59.59 59.81 59.80 61.57 59.24 59.18 
Ti02 . 0.00 0.04 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.03 
AI203 25.05 24.60 24.45 24.97 24.87 24.54 23.70 24.83 24.71 24.70 23.53 25.22 24.95 
Cr203 0.00 0.02 0.02 0.05 0.02 0.12 0.00 0.02 0.03 0.00 0.02 0.11 0.10 
Fee 0.19 0.21 0.23 0.12 0.11 0.10 0.18 0.22 0.10 0.10 0.13 0.30 0.27 
MnO 0.00 0.03 0.02 0.00 0.11 0.03 0.04 0.00 0.05 0.02 0.00 0.00 0.04 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
GaO 1.07 6.53 6.66 6.82 6.69 6.41 5.30 6.12 6.52 6.62 5.S0 7.12 7.10 
NiO 1.44 1.78 1.64 1.11 7.67 7.83 8.56 7.50 7.71 7.47 8.24 7.49 7.17 
Na20 0.36 0.32 0.30 0.22 0.16 0.33 0.20 0.29 0.17 0.34 0.35 0.25 0.27 
K20 0.14 0.12 0.09 0.12 0.11 0.38 0.15 0.00 0.02 0.25 0.07 0.31 0.15 
sao 0.00 0.00 0.00 0.02 0.03 0.07 0.01 0.00 0.13 0.00 0.09 0.00 0.00 
Total 99.84 100.13 99.02 99.74 100.46 100.36 99.71 99.14 99.18 99.29 99.61 100.05 99.27 

51 ' 2.68 2.71 2.70 2.69 2.70 . 2.71 2.75 2.69 2.69 2.70 2.75 2.68 2.67 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.33 1.30 1.30 1.32 1.30 1.29 1.25 1.32 1.31 . 1.32 1.24 1.34 1.33 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 '0.00 0.00 0.00 
Ca 0.34 0.31 0.32 0.33 0.32 0.31 0.25 0.33 0.31 0.32 0.26 0.34 0.34 
NI 0.68 0.68 0.67 0.67 0.66 0.68 0.74 0.66 0.67 0.65 0.72 0.85 0.63 
Na 0.02 0.02 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.02 0.02 0.01 0.02 
K 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Ba 0.00 0.00 0.00 0.01 0.01 0.02 0.00 0.00 0.04 0.00 0.00 0.00 0.00 



APPENDIX 4.1 : CONTINUED 
PLAGIOCLASE FANAD 

Sample FAN46 FAN 46 FAN46 FAN 46 FAN46 FAN 46 FAN46 FAN 46 FAN46 FAN 46 FAN46 FAN 46 FAN46 
Location Core/1 Rlm/1 Half/1 Core/2 Rlm/2 Core/3 rlm/3 Core/4 Half/4 Rlm/4 Core/S HaiflS Rlm/S 

SI02 61.07 62.03 61.17 60.45 59.25 59.62 67.60 61.44 60.48 63.27 60.90 60.10 62.29 
TI02 0.02 0.00 0.01 0.02 0.06 0.09 0.00 0.00 0.00 0.04 0.00 0.07 0.06 
AI203 24.06 24.45 24.75 24.76 25.49 25.65 20.10 23.57 24.90 22.80 25.82 26.02 24.47 
Cr203 0.05 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.07 0.05 0.00 0.07 0.04 
Fee> 0.20 0.17 0.18 0.38 0.10 0.24 0.09 0.06 0.25 0.15 0.02 0.26 0.29 
MnO 0.02 0.00 0.00 0.03 0.04 0.08 0.00 0.02 0.00 0.00 0.06 0.07 0.00 
MgO 0.00 0.02 0.03 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.01 0.01 
CaO 5.77 5.62 6.04 6.28 7.26 7.26 4.03 5.03 6.62 4.22 6.87 7.63 5.79 
NiO 0.00 0.15 0.02 0.00 0.11 0.00 0.00 0.03 0.00 0.05 0.06 0.02 0.19 
Na20 8.46 8.33 8.20 7.95 7.42 7.44 7.77 8.63 7.49 8.89 7.65 7.25 8.17 
K20 0.04 0.15 0.28 0.33 0.14 0.07 0.04 0.06 0.32 0.45 0.23 0.21 0.41 
BaO 0.06 0.13 0.17 0.00 0.00 0.00 0.08 0.00 0.05 0.00 0.24 0.01 0.00 
Total 99.75 100.80 100.63 100.08 99.61 100.08 99.70 98.84 99.86 99.53 101.82 101.71 101.60 

Sf 2.73 2.74 2.71 2.70 2.66 2.66 2.97 2.76 2.69 2.81 2.67 2.64 2.73 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.27 1.27 1.29 1.30 1.35 1.35 1.04 1.25 1.31 1.19 1.33 1.35 1.26 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.01 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Oil 0.28 0.40 0.29 0.30 0.35 0.35 0.19 0.24 0.32 0.20 0.32 0.36 0.27 
NI 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Na 0.73 0.71 0.70 0.69 0.64 0.64 0.33 0.75 0.65 0.77 0.65 0.62 0.69 
K 0.00 0.01 0.02 0.02 0.01 0.00 0.00 0.00 0.02 0.03 0.01 0.01 0.02 
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



APPENDIX 4.1 : CONTINUED 
PLAGIOCLASE ROSSES 

Sample G4 G4 G4 G4 G4 G4 G4 G4 G3 G3 G3 G3 
Location Corell Rlmll Core/2 Rlm/2 Core/3 Core/4 Core/4 Rlm/4 Core/1 Rlm/1 Core/2 Rlm/2 

SI02 66.57 66.79 65.74 66.02 66.40 67.14 66.14 67.74 65.12 64.74 61.64 64.16 
Ti02 0.03 0.04 0.00 0.00 0.00 0.01 0.00 0.00 0.11 0.07 0.00 0.00 
AI203 20.41 21.32 20.28 20.32 20.11 20.53 20.47 20.54 22.70 22.14 24.30 22.90 
Cr203 0.02 0.02 0.02 0.09 0.00 0.09 0.08 0.00 0.00 0.02 0.17 0.06 
FeO 0.01 0.03 0.09 0.07 0.03 0.00 0.08 0.03 0.09 0.17 0.12 0.14 
MnO 0.07 0.00 0.02 0.02 0.05 0.00 0.00 0.00 0.07 0.00 0.00 0.00 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
cae 1.01 1.98 1.48 1.21 1.14 1.37 1.43 0.97 3.56 3.16 6.02 4.01 
NIO 0.02 0.00 0.00 0.06 0.12 0.03 0.00 0.10 9.46 9.80 8.37 9.54 
Na:?O 11.03 10.57 10.48 10.64 10.70 10.98 10.88 11.12 0.06 0.14 0.10 0.12 
K20 0.09 0.04 0.02 0.09 0.37 0.03 0.03 0.07 0.00 0.00 0.15 0.06 
SaO 0.00 0.00 0.31 0.01 0.10 0.02 0.05 0.09 0.11 0.00 0.15 0.13 
Total 99.26 100.40 98.44 98.53 99.04 100.12 99.08 100.30 100.85 99.76 100.58 100.69 

SI 2.95 2.91 2.94 2.94 2.95 2.94 2.94 2.96 2.84 2.86 2.73 2.82 
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.06 1.10 1.07 1.07 1.05 1.06 1.07 1.06 1.17 1.15 1.27 1.18 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 0.05 0.09 0.07 0.06 0.05 0.06 0.07 0.05 0.17 0.15 0.29 0.19 
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 0.84 0.72 0.81 
Na 0.95 0.89 0.91 0.92 0.92 0.93 0.94 0.94· 0.00 0.01 0.01 0.01 
K 0.01 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sa 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 

Sample G3 G3 G3 G3 G3 Porphyry Porphyry Porphyry Porphyry Porphyry Porphyry Porphyry 
Location Core/3 . Rlm/3 Corel4 Half/4 Rlm/4 Core/6 Rlm/6 Core/7 Rlm/7 Corel8 Core/1 Core/2 

Inc Inc Inc Inc pheno Inc pheno 
Si02 61.33 59.88 60.60 61.70 63.56 63.74 64.19 63.92 62.88 63.55 61.17 58.38 
TI02 0.00 0.00 0.02 0.00 0.01 0.00 0.08 0.00 0.03 0.00 0.00 0.09 
AI203 24.85 26.12 25.04 24.72 23.29 23.50 23.15 23.85 23.95 23.54 23.83 26.64 
Cr203 0.12 0.05 0.07 0.08 0.02 0.00 0.12 0.00 0.03 0.07 0.07 0.00 
FeO 0.04 0.03 0.06 0.01 0.04 0.09 0.10 0.26 0.13 0.03 0.10 0.19 
MnO 0.00 0.00 0.02 0.00 0.00 0.03 0.00 0.00 0.05 0.09 0.00 0.00 
MgO 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
cae 6.46 7.75 6.78 6.18 4.71 4.47 4.21 4.82 5.26 4.68 5.69 8.63 
NIO 7.96 7.23 7.81 8.17 9.07 8.99 9.41 8.91 8.81 8.86 8.40 6.63 
Na20 0.11 0.17 0.13 0.09 0.15 0.15 0.30 0.19 0.38 0.30 ' 0.05 0.13 
K20 0.06 0.15 0.06 0.19 0.04 0.11 0.06 0.11 0.05 0.00 0.01 0.00 
SaO 0.18 0.05 0.10 0.07 0.18 0.17 0.00 0.02 0.00 0.00 0.00 0.00 
Total 100.68 101.14 100.55 100.79 100.68 100.92 101.40 101.88 101.44 100.71 99.29 100.35 

SI 2.71 2.64 2.68 2.72 2.79 2.80 2.80 2.78 2.76 2.79 2.74 2.61 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 
AI 1.29 1.36 1.31 1.21 1.21 1.22 1.19 1.22 1.24 1.22 1.26 1.14 
Cr 0.00 0.00 0.00 0.00 0.00 ' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 0.31 0.37 0.32 0.29 0.22 0.21 0.20 0.23 0.25 0.22 0.27 0.41 
NI 0.68 0,62 0.67 0,10 0.77 0.77 0.80 0,76 0.75 0,76 0.73 0,57 
Na 0.01 0.01 0.01 0.01 0,01 0.01 0,02 0.01 0.02 0.02 0.00 0,01 
K 0,00 0.00 0,00 0,00 0,00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 
Sa 0,01 0.00 0.00 0,00 0,01 0,00 0.00 0.00 0.00 0,00 0.00 0,00 



APPENDIX 4.1 : CONTINUED 
PLAGIOCLASE ROSSES 

Sample G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 
Location Core/2 Core/3 Core/4 Rlm/4 Corel5 Rlml5 Core/6 Rim/6 Rlm/6 Corel7 Riml7 Core/8 

5102 63.73 64.66 64.09 64.33 63.71 64.09 64.99 64.67 68.55 65.20 64.38 62.85 
TI02 0.07 0.07 0.00 0.00 0.07 0.06 0.03 0.00 0.03 0.01 0.04 0.00 
AI203 22.18 21.87 22.29 21.71 22.74 22.60 21.88 21.58 19.51 21.20 21.57 23.20 
Cr203 0.08 0.08 0.10 0.07 0.04 0.00 0.00 0.00 0.07 0.00 0.02 0.02 
FeO 0.00 0.01 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MnO 0.00 0.01 0.00 0.13 0.00 0.07 0.00 0.00 0.00 0.08 0.00 0.00 
MgO 0.03 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 3.44 2.82 3.48 2.89 3.59 3.55 3.03 2.59 0.10 2.25 2.84 4.50 
NiO 0.04 0.14 0.08 0.17 0.18 0.04 0.00 0.00 0.00 0.00 0.00 0.00 
Na20 9.50 9.91 7.59 9.95 9.51 9.52 9.89 10.07 11.64 10.41 9.94 9.07 
K20 0.19 0.14 0.20 0.17 0.27 0.19 0.09 0.13 0.06 0.05 0.11 0.19 
BaO 0.00 0.01 0.06 0.17 0.01 0.02 0.00 0.02 0.00 0.00 0.02 0.00 
Total 99.25 99.46 99.69 99.36 99.93 100.19 99.54 99.06 99.69 99.21 98.93 99.83 

51 2.84 2.87 2.84 2.86 2.82 2.82 2.87 2.88 3.00 2.90 2.87 2.78 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.16 1.14 1.16 1.14 1.19 1.17 1.14 1.13 1.01 1.11 1.13 1.22 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ca 0.16 0.13 0.17 0.14 0.17 0.17 0.14 0.12 0.01 0.11 0.14 0.31 
NI 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Na 0.82 0.85 0.82 0.86 0.82 0.81 0.85 0.87 0.99 0.90 0.88 0.78 
K 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.00 0.00 0.01 0.00 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sample G2 G2 G2 G2 G1 Gl G1 G1 G1 G1 
Location Hal1l8 Rlm/8 Core/9 Rlm/9 Core/1 Half/l Rim/1 Core/2 Rlm/2 Core/3 

5102 64.30 66.05 64.64 65.60 64.58 64.62 66.85 64.19 67.47 64.92 
Tl02 0.00 0.10 0.00 0.00 0.08 0.00 0.01 0.01 0.00 0.00 
AI203 22.37 21.53 22.42 21.91 22.42 22.06 21.14 23.73 21.26 22.48 
Cr203 0.04 0.00 0.03 0.82 0.11 0.13 0.00 0.09 0.00 0.00 
FeO 0.05 0.00 0.05 0.00 0.11 0.05 0.15 0.00 0.03 0.00 
MnO 0.05 0.10 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.01 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CeO 3.63 2.46 3.45 2.81 4.02 3.51 2.01 4.84 2.07 3.84 
NlO 0.00 0.00 0.08 0.22 n.d n.d n.d n.d n.d n.d 
Na20 9.60 10.32 9.46 10.15 9.38 9.52 10.87 9.13 10.65 9.65 
K20 0.17 0.07 0.16 0.06 0.29 0.29 0.31 0.10 0.10 0.23 
BaO 0.01 0.00 0.06 0.12 0.00 0.03 0.00 0.06 0.10 0.00 
Total 100.24 100.36 100.12 100.66 100.61 99.83 101.15 101.97 101.38 100.70 

51 2.84 2.89 2.85 2.87 2.83 2.88 2.91 2.79 2.92 2.85 
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.0.0 0.00 0.00 0.00 
AI 1.16 1.11 1.16 1.13 1.16 1.15 1.09 1.22 1.09 1.16 
Cr 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ca 0.17 0.12 0.16 0.13 0.19 0.17 0.09 0.23 0.10 0.18 
NI 0.00 0.00 0.00 0.01 n.d n.d n.d n.d n.d n.d 
Na 0.82 0.88 0.81 0.86 0.80 0.82 0.92 0.77 0.90 0.6:2 
K 0.01 0.00 0.01 0.00 0.02 0.02 0.02 0.01 0.01 0.01 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



APPENDIX 4.1 : CONTINUED 
PLAGIOCLASE TRAWENAGH BAY 

Sample TRA4 TRA4 TRA4 TRA4 TRA4 TRA4 TRA4 TRA4 TAM TRA4 TAA4 TRM 
Location Rlm/1 Core/1 Alm/2 Core/2 Core/3 Halfl4 Alm/4 Core/4 Halfl5 Core/6 Alm/7 Corel7 

SI02 68.27 67.21 67.51 67.04 67.34 67.74 67.44 67.35 67.76 68.15 67.92 68.72 
TI02 0.00 0.09 0.05 0.04 0.05 0.03 0.00 0.07 0.01 0.00 0.03 0.00 
AI203 19.77 20.72 20.08 21.02 20.16 21.03 20.78 20.74 20.11 19.69 19.66 20.32 
C1203 0.03 0.00 0.00 0.03 0.00 0.02 0.05 0.07 0.00 0.00 0.00 0.00 
FeO 0.00 0.04 0.06 0.03 0.13 0.00 0.00 0.00 0.00 0.03 0.07 0.20 
MnO 0.00 0.00 0.02 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 0.30 1.54 0.66 1.59 1.00 1.41 1.24 1.52 0.65 0.44 0.46 0.56 
NiO 0.07 0.05 0.01 0.00 0.15 0.09 0.14 0.07 0.00 0.01 0.09 0.10 
Na20 11.72 10.88 11.33 10.94 11.02 10.99 11.15 10.82 11.33 11.39 11.21 11.42 
K20 0.07 0.03 0.08 0.09 0.03 0.08 0.02 0.13 0.05 0.00 0.04 0.02 
sao 0.18 0.00 0.00 0.00 0.18 0.00 0.12 0.00 0.07 0.00 0.03 0.00 
P205 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.05 0.00 0.00 
Total 100.34 100.07 99.79 100.65 100.04 101.04 100.82 100.19 100.16 99.76 99.54 101.00 

Sf 2.99 2.94 2.97 2.92 2.96 2.94 2.93 2.94 2.98 2.99 2.99 2.97 
n 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.02 0.01 1.04 1.08 1.05 1.07 1.07 1.07 1.04 1.09 1.02 1.04 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 0.01 0.07 0.03 0.07 0.05 0.07 0.06 0.07 0.03 0.02 0.02 0.03 
NI 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Na 1.00 0.92 0.97 0.92 0.94 0.92 0.94 0.92 0.96 0.97 0.96 0.98 
K 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sampla TRA4 TRA4 TAM TRA2 TRA2 TRA2 TAA5 TAA5 TRA5 TAA5 TRA3 
Location Rlm/8 Half/8 Cora/8 Rlm/1 Cora/2 Rlm/2 Corel1 Alm/1 Corel2 Alm/2 Rlm/3 

SI02 68.10 66.03 67.37 62.86 64.03 84.28 66.63 64.60 63.74 65.61 67.70 
TI02 0.00 0.00 0.09 0.00 0.00 0.00 0.02 0.07 0.04 0.01 0.06 
AI203 20.12 20.55 20.79 24.08 23.55 23.84 22.00 22.52 22.47 21.82 20.51 
Cr203 0.04 0.07 0.00 0.00 0.00 0.00 0.05 0.05 0.00 0.08 0.00 
FeO 0.04 0.00 0.15 0.02 0.11 0.31 0.00 0.12 0.08 0.11 0,06 
MnO 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.00 0.06 0.00 
MgO 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 
CaO 0.60 1.55 1.06 5.37 4.43 4.42 2.83 3.43 4.25 3.27 1.44 
NiO 0.12 0.06 0.07 0.04 0.00 0.23 n.d n.d n.d n.d n.d 
Na20 11.32 10.84 11.02 8.70 9.33 9.32 10.25 9.93 9,20 10.20 10,78 
K20 0.06 0.08 0.02 0.20 0.17 0.15 0.26 0.17 0.15 0.16 0.13 
Sao 0.17 0.14 0.00 0.00 0.07 0.17 0.00 0.00 0.00 0.00 0.00 
P205 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.17 0.09 0.27 0.00 
Total 100.34 99.31 100.23 100.93 101.29 102.72 102.08 100.36 99.99 101.16 100.42 

Sf 2.97 2.93 2.94 2.76 2.77 ' 2.78 2.87 2.84 2.83 2.86 2.95 
n 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.04 1.08 1.07 1.25 1.21 1.22 1.12 1.17 1.17 1.12 t.05 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Ca 0.03 0.07 0.05 0.25 0.21 0.21 0.13 0.16 0.20 0.15 0.07 
NI 0.00 0.00 0.00 0.00 0.00 0.01 0.86 0.83 0.79 0.86 0.00 
Na 0.96 0.93 0.93 0.74 0.79 0.78 0.01 0.01 0.01 0.01 0.91 
K 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.01 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 



APPENDIX 4.1 : CONTINUED 
PLAGIOCLASE TRAWENAGH BAY 

Sample TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA3 TRA3 TRA3 TRA3 
Location Core/3 Rlm/3 Core/4 Rlm/4 Core/5 Rlm/5 Core/6 Rlm/6 Core/1 Rlm/l Core/2 Rlm/2 

SI02 62.49 61.86 62.78 61.19 63.93 63.21 62.80 63.07 69.14 68.80 68.23 68.32 
TI02 0.00 0.03 0.00 0.07 0.00 0.08 0.00 0.00 0.04 0.00 0.00 0.08 
AI203 23.79 23.36 22.58 23.55 22.90 24.27 23.87 23.96 19.76 19.97 19.85 19.73 
Cr203 0.04 0.00 0.01 0.02 0.04 0.03 0.00 0.00 0.01 0.00 0.00 0.07 
FeD 0.01 0.08 0.00 0.00 0.04 0.12 0.03 0.00 0.00 0.08 0.02 0.00 
MnO 0.00 0.04 0.00 0.05 0.00 0.00 0.02 0.06 0.03 0.03 0.06 0.04 
MgO 0.00 0.00 0.00 0.06 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 4.93 4.94 3.99 5.03 3.91 5.12 5.16 4.92 0.26 0.42 0.82 0.71 
NlO 0.00 0.11 0.00 0.04 0.00 0.03 0.17 0.00 n.d n.d n.d n.d 
Ne20 8.71 B.61 9.30 8.56 9.42 8.75 B.Bl 8.76 11.68 11.80 11.18 11.37 
K20 0.14 0.08 0.11 0.09 0.23 0.11 0.13 0.13 0.09 0.08 0.41 0.09 
BaO 0.00 0.00 0.10 0.00 0.16 0.00 0.17 0.00 0.00 0.22 0.00 0.00 
Total 100.11 99.11 98.B7 98.66 100.28 101.47 100.90 100.41 100.84 100.90 100.32 100.15 

51 2.77 2.77 2.81 2.75 2.B2 2.76 2.76 2.78 2.99 2.99 2.98 2.98 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .0.00 0.00 0.00 0.00 
AI 1.24 1.23 1.19 1.25 1.19 1.25 1.24 1.24 1.01 1.01 1.02 1.01 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ol 0.23 0.24 0.19 0.24 0.19 0.24 0.24 0.23 0.01 0.02 0.04 0.03 
NI 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Na 0.75 0.75 0.81 0.75 0.81 0.74 0.75 0.75 0.98 0.99 0.95 0.98 
K 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.02 0.01 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PLAGIOCLASE MAIN DONEGAL 

Sample DON4 DON4 DON4 DON4 DON4 DON4 DON4 267MDG 267MDG 267MDG 267MDG 267MDG 
Location Core/l Rlm/l Core/2 Rlm/2 Rlm/2 Core/3 Core/3 Core/l Hallll Rlm/l Core/2 Rlm/2 

SI02 61.99 62.77 63.46 63.19 62.50 62.59 62.77 62.88 62.88 63.54 62.36 84.07 
Ti02 0.11 0.03 0.12 0.01 0.00 0.00 0.00 0.06 0.00 0.00 0.02 0.10 
AI203 23.66 22.7B 23.14 23.45 23.53 23.B2 23.54 23.76 23.33 22.55 23.86 23.11 
Cr203 0.04 0.00 0.00 0.02 0.00 0.06 0.00 0.10 0.08 0.02 0.15 0.14 
FeD 0.05 0.03 0.00 0.09 0.01 0.04 0.07 0.00 0.00 0.09 0.05 0.01 
MnO 0.07 0.00 0.06 0.08 0.00 0.00 0.00 0.11 0.00 0.01 0.00 0.00 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 5.20 4.49 4.53 4.B4 5.06 5.43 5.01 5.31 5.03 4.33 5.45 4.33 
Ne20 8.Bl 9.03 8.68 8.90 8.64 8.85 8.90 7.77 8.73 9.44 8.67 9.24 
K20 0.17 0.15 0.39 0.21 0.33 0.22 0.09 0.17 0.17 0.18 0.13 0.13 
BaO 0.00 0.07 0.00 0.05 0.20 0.32 0.18 0.01 0.18 0.13 0.01 0.00 
P205 0.07 0.00 0.08 0.08 0.18 0.00 0.00 0.06 0.07 0.08 0.00 0.07 
Total 99.87 99.34 100.38 100.55 100.28 101.03 100.15 100.93 100.42 100.29 100.40 100.87 

51 2.76 2.81 2.81 2.79 2.78 2.76 2.78 2.76 2.79 2.82 2.76 2.81 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.24 1.20 1.21 1.22 1.23 1.24 1.23 1.23 1.22 1.1 e 1.24 1.19 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ol 0.25 0.22 0.21 0.23 0.24 0.26 0.24 0.25 0.24 0.21 0.26 0.20 
Na 0.74 0.78 0.74 0.76 0.74 0.76 0.78 0.75 0.75 0.81 0.72 0.75 
K 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Sa 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
p 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



APPENDIX 4.1 : CONTINUED 
PLAGIOCLASE MAIN DONEGAL 

Sample 267MDG 267MDG 267MDG 267MDG 267MDG 267MDG DON16 DON16 DON16 DON16 DON16 DON16 
Location Core/3 Rlm/3 Core/4 Rlm/4 Core/5 Rim/5 Rim/l Rim/2 Core/3 Rim/3 Core/4 Rim/4 

SI02 63.79 69.43 63.01 64.63 63.36 65.00 63.39 63.33 63.18 64.66 63.07 62.82 
Ti02 0.00 0.08 0.07 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
AI203 22.76 19.73 23.07 23.39 23.75 22.58 23.16 22.98 23.21 22.81 22.83 23.13 
Cr203 0.02 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.10 0.01 0.00 0.04 
FeO 0.00 0.05 0.12 0.00 0.05 0.03 0.12 0.00 0.05 0.07 0.00 0.02 
MnO 0.00 0.09 0.01 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.07 0.00 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cae> 4.20 3.29 4.93 4.35 5.12 3.80 4.54 4.50 4.58 3.69 4.57 4.71 
Na20 9.08 8.54 8.72 9.36 9.25 9.46 9.04 8.91 8.86 9.59 9.03 8.85 
K20 0.22 0.06 0.25 0.16 0.17 0.18 0.18 0.22 0.20 0.26 0.07 0.25 
eao 0.02 0.00 0.00 0.00 0.00 0.09 0.24 0.00 0.00 0.14 0.03 0.10 
P205 0.02 0.06 0.10 0.36 0.11 0.12 0.09 0.10 0.18 0.15 0.12 0.00 
Total 99.79 100.96 100.10 102.18 101.78 100.77 100.35 99.75 100.09 101.12 99.83 99.90 

51 2.83 3.00 2.80 2.80 2.76 2.84 2.80 2.80 2.79 2.83 2.81 2.79 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.19 1.00 1.21 1.19 1.22 1.16 1.21 1.20 1.21 1.17 1.20 1.21 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Oil 0.20 0.15 0.23 0.20 0.24 0.18 0.22 0.21 0.22 0.17 0.22 0.22 
Na 0.78 0.72 0.75 0.78 0.78 0.80 0.77 0.77 0.76 0.81 0.78 0.76 
K 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.01 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 



APPENDIX 4.2. 
K FELDSPAR ARDARA 

Sample ARD4 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD1D 
Location Core Rim Core Rim 

SI02 65.22 65.35 65.28 63.21 64.93 64.68 63.30 64.BB 64.75 65.18 65.23 64.27 
TI02 0.00 0.00 0.00 0.02 0.00 0.00 0.08 0.10 0.02 0.04 0.06 0.00 
AI203 18.46 18.75 18.50 18.89 18.45 18.49 18.35 18.50 18.72 18.51 18.25 18.18 
Cr203 0.00 0.04 0.17 0.00 0.10 0.00 0.20 0.00 0.00 0.06 0.04 0.00 
FeO 0.00 0.01 0.01 0.10 0.01 0.09 0.10 0.08 0.00 0.00 0.09 0.00 
MoO 0.00 0.00 0.00 0.10 0.01 0.09 0.00 0.08 0.04 0.05 0.00 0.00 
MgO 0.00 0.18 0.14 0.01 0,00 0.06 0.02 0.11 0.18 0.15 0.00 0.00 
CaO 0.00 0.10 0.05 0.01 0.02 0.13 0.00 0.06 0.13 0.02 0.08 0.00 
NIO 0.03 0.05 0.15 0.00 0.11 0.16 0.00 0.00 0.00 0.05 0.00 n.d 
Na20 0.53 0.97 0.99 0.70 0.73 0.70 0.92 0.70 0.83 0.90 0.81 0.68 
K20 15.79 15.42 15.50 15.10 15.60 15.33 15.23 15.43 15.50 15.47 15.15 15.23 
SaO 0.48 0.46 0.40 0.46 0.53 0.31 0.12 0.29 0.35 0.57 0.39 0.68 
P205 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 
Total 100.49 101.25 101.04 98.44 100.34 99.87 99.32 99.96 100.28 100.91 99.90 99,16 

Sf 3.00 2.99 2.99 2.97 3.00 2.99 2.99 3.00 2.99 2.99 3.01 3.01 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Al 1.00 1.01 1.00 1.05 1.00 1.01 1.01 1.01 1.02 1.00 0.99 1.00 
Cr 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 
Ca 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0,00 0.00 0.00 
NI 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 n.d 
Na 0.05 0.09 0.09 0.06 0,07 0.06 0.08 0.06 0.07 0.08 0.07 0.23 
K 0.93 0.90 0.91 0.91 0.92 0.91 0.91 0,91 0.91 0.91 0.89 0.91 
Sa 0.01 0.01 0.01 0.01 0.01 0.91 0.00 0.01 0.01 0.01 0.01 0.01 
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 
Total 4.99 5.01 5.02 5.01 5.00 5.90 5.01 5.00 5.02 5.00 4.98 5,21 

Sample ARD1D AR01D AR01D ARD10 ARD10 AR04 AR04 ARD4 ARD4 ARD4 AR04 AR04 
Location Core/2 Rlm/2 Rlm/1 Rlm/1 ?/2 Core/3 Rlm!3 Core/4 Rlm/4 

thin strip 
SI02 64.84 63.09 64.04 64.89 65.01 65.04 65.04 65.33 65.11 64.88 68.33 65.50 
TI02 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.08 0.07 0.06 
AI203 18.31 19.46 18.12 18.01 18.15 18.25 18.25 18.41 18.24 18.52 18.86 18.34 
Cr203 0.00 0.06 0.06 0.00 0,00 0,05 0.05 0,00 0,00 0,04 0.02 0.06 
FeO 0.00 0,05 0,10 0,00 0.03 0,11 0,11 0,01 0,02 0.07 0.00 0,16 
MnO 0,12 0,00 0,02 0.03 0.11 0.05 0.05 0,00 0,08 0,01 0,00 0,06 
MgO 0.00 0.00 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 ! 0.00 0.01 
CaD 0.00 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 
NIO n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Na20 0.78 1.03 0.69 1,07 0.78 0.77 0.77 0.63 0.64 0.62 4.89 0.90 
K20 15.18 14.77 15.26 15.20 15.70 15.74 15.74 15.79 15.46 15.88 9.57 15.38 
Baa 0.55 0.58 0.65 0.28 0.51 0.24 0.24 0.56 0.88 0.46 0.69 0.56 
P205 0.05 0.16 0.10 0.10 0.04 0.09 0.09 0.18 0.08 0.20 0.19 0.15 
Total 99.92 99.22 99.00 99.56 99.94 100.10 100.10 100.59 100.15 100.58 100,32 101.07 

Sf 3,01 2.95 3,00 3.02 3.01 3.00 3.00 3.00 3.01 2.99 2.99 3,00 
TI 0.00 0.00 0.00 0.00 0,00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 
AI 1.00 1.07 1.00 0.99 0.99 0.99 0.99 1.00 0.99 1.00 1.00 0.99 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Mn 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NI n.d n.d n.d n.d n.d n.d n.d n.d n.d n,d n.d n.d 
Na 0.07 0.09 0.08 0.10 0.07 0.07 0.07 0.08 0.08 0.06 0.43 0.08 
K 0.90 0.88 0.91 0.90 0.93 0.93 0.93 0.93 0.91 0.93 0.55 0.90 
sa 0.01 . 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.02 0.01 0.01 0.01 
P 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 



APPENDIX 4.2 : CONTINUED 
K FELDSPAR ARDARA K FELDSPAR FANAD 

Sample ARD10 ARD10 ARD10 FAN23 FAN23 FAN23 FAN23 FAN23 FAN23 FAN23 FAN23 
Location Corell Rlm!1 Rlm!1 Corei1 Rlm!l Core!2 Rim!2 1/3 114 Core/5 Halfl5 

Late Late 
SI02 63.99 65.38 64.96 62.72 65.30 61.75 64.24 65.33 65.74 62.39 63.65 
Ti02 0.01 0.00 0.01 0.03 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
AI203 18.09 18.22 18.20 18.92 18.46 19.52 18.90 18.83 18.46 19.35 18.92 
Cr203 0.02 0.02 0.07 0.11 0.00 0.00 0.12 0.00 0.04 0.03 0.00 
Fee 0.11 0.12 0.09 0.11 0.04 0.21 0.07 0.19 0.16 0.15 0.21 
MnO 0.00 0.11 0.03 0.00 0.05 0.00 0.08 0.00 0.01 0.00 0.00 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 0.00 0.00 0.00 0.00 0.00 0.09 0.07 0.00 0.00 0.07 0.01 
Na20 0.73 0.62 0.70 1.72 1.29 1.94 1.56 3.50 2.69 2.45 2.21 
K20 15.27 15.91 15.73 13.01 14.73 12.34 13.62 11.43 13.10 11.41 12.23 
BeO 0.78 0.15 0.16 3.11 0.49 4.27 2.59 1.07 0.45 4.74 3.30 
P205 0.05 0.05 0.19 0.01 0.12 0.10 0.04 0.00 0.15 0.05 0.16 
Total 99.05 100.25 99.86 99.73 100.39 99.98 100.94 99.94 100.56 100.31 100.11 

$I 3.00 3.01 3.00 2.95 3.00 2.91 2.97 2.99 3.00 2.93 2.97 
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.00 0.99 0.99 1.05 1.00 1.09 1.03 1.02 0.99 1.07 1.04 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Fe 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Na 0.07 0.06 0.06 0.16 0.12 0.18 0.14 0.31 0.24 0.22 0.20 
K 0.91 0.94 0.93 0.78 0.86 0.74 0.80 0.67 0.76 0.68 0.73 
sa 0.01 0.00 0.00 0.08 0.01 0.08 0.05 0.02 0.01 0.09 0.06 
P 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 

CONTINUED - K FELDSPAR FANAD 

Sample FAN7 FAN11 FAN11 F270 F270 F270 FAN7 FAN7 FAN23 
Location Rlm/2 Corell Rim/1 Rim/1 Core/1 Rim/5 

8102 65.88 64.82 64.92 64.26 64.09 64.88 66.34 65.50 63.67 
Ti02 0.00 0.00 0.00 0.09 0.14 0.00 0.05 0.09 0.00 
AI203 17.82 17.94 17.71 18.95 18.54 18.31 17.88 17.46 19.15 
Cr203 0.03 0.06 0.01 0.05 0.00 0.04 0.00 0.01 0.02 
Fee 0.10 0.04 0.02 0.16 0.09 0.10 0.15 0.03 0.02 
MnO 0.00 0.00 0.00 0.02 0.06 0.00 0.09 0.12 0.00 
MgO 0.00 0.00 0.00 0.16 0.03 0.11 0.00 0.00 0.00 
CaO 0.00 0.00 0.00 0.08 0.10 0.11 0.00 0.00 0.06 
Na20 1.61 0.63 1.45 1.19 0.77 0.76 1.63 1.71 2.14 
K20 14.76 15.54 14.33 14.08 15.02 15.21 14.64 14.46 12.72 
sao 0.37 0.93 0.92 1.74 1.00 0.67 0.14 0.20 2.72 
P205 0.38 0.37 0.22 0.00 0.00 0.00 0.33 0.48 0.06 
Total 99.97 100.21 99.57 100.69 99.68 100.11 100.42 100.06 100.32 

51 3.03 3.02 3.04 2.97 2.98 3.00 3.03 3.03 2.96 
TI 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
AI 0.97 0.99 0.98 1.03 1.02 1.00 0.96 0.95 1.05 
Cr 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 
Ca 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 
Na 0.14 0.06 0.13 0.11 0.07 0.07 0.14 0.15 0.19 
K 0.87 0.92 0.86 0.83 0.89 0.90 0.85 0.85 0.75 
sa 0.01 0.02 0.02 0.03 0.02 0.01 0.00 0.00 0.05 
P 0.02 0.02 0.01 0.00 0.00 0.00 0.01 0.02 0.00 



APPENDIX 4.2: CONTINUED 
K FELDSPAR ROSSES 

Sample G4 G4 G4 G4 G4 G4 G4 G4 G4 G4 G4 G4 
Location core/1 rlm/2 core/2 core/2 Rlm/2 core/3 core/4 rim/5 core/6 core/7 rlm/7 

8102 65.07 64.18 64.39 64.37 64.03 64.22 64.93 64.44 64.94 64.51 64.19 64.10 
Ti02 0.04 0.00 0.06 0.03 0.00 0.02 0.00 0.00 0.00 0.00 0.02 0.00 
AI203 18.42 18.36 18.08 18.37 18.42 18.36 18.51 19.25 18.43 18.68 18.41 1B.15 
Cr203 0.00 0.01 0.00 0.13 0.00 0.00 0.07 0.02 0.42 0.00 0.00 0.00 
FeO 0.00 0.00 0.00 0.01 0.07 0.07 0.00 0.09 0.10 0.16 0.03 0.00 
MnO 0.02 0.12 0.04 0.00 0.00 0.09 0.00 0.03 0.04 0.00 0.12 0.03 
MgO 0.09 0.16 0.10 0.05 0.07 . 0.15 0.10 0.03 0.02 0.13 0.04 0.07 
cae 0.05 0.94 0.09 0.00 0.10 0.00 0.1B 0.00 0.09 0.13 0.07 0.06 
NIO 0.00 0.00 0.10 0.13 0.05 0.1B 0.01 0.23 0.15 0.19 0.12 0.00 
Ne20 0.71 0.98 0.71 0.72 0.67 0.71 0.53 0.65 1.04 0.69 0.53 0.74 
K20 15.91 14.90 15.52 15.17 15.37 15.47 15.64 15.47 15.36 15.45 15.62 15.38 
BaO 0.00 0.00 0.06 0.00 0.00 0.04 0.21 0.00 0.04 0.07 0.00 0.01 
P205 n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Total 100.04 98.80 99.16 9B.99 9B.79 99.29 99.92 100.13 100.20 99.83 99.16 98.53 

.SI 3.00 2.99 3.00 3.00 2.99 2.99 3.00 2.97 2.99 2.98 2.99 3.00 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.00 1.01 0.99 1.01 1.01 1.01 1.01 1.05 1.00 1.02 1.01 1.00 
Cr 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Mn 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Mg 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.01 
Qa 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.00 
NI 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.00 
Na 0.06 0.09 0.06 0.07 0.06 0.06 0.05 0.06 0.09 0.06 0.05 0.07 
K 0.94 0.89 0.92 0.90 0.92 0.92 0.92 0.91 0.90 0.91 0.93 0.92 
Be 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 

Sample G3 G3 G3 G3 G3 G3 G3 G1 G1 G1 Gl 
Location Coren Half/1 Rlm/1 Core/2 Rlm/2 Core/3 Rim/3 Core/1 Rlm/1 Core/2 Rlm/2 

8i02 65.05 65.36 64.40 65.31 65.00 65.48 65.51 65.90 65.57 66.49 65.94 
TI02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.03 
AI203 1B.32 1B.19 18.34 18.28 18.28 1B.51 1B.49 18.67 18.33 18.62 1B.17 
Cr203 0.10 0.00 0.00 0.00 0.11 0.04 0.00 0.01 0.00 0.02 0.02 
FeO 0.09 0.02 0.14 0.00 0.04 0.00 0.20 0.03 0.00 0.06 0.10 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.05 0.00 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 
cae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NIO n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d .' n.d 
Na20 0.77 0.87 0.68 0.65 0.53 0.97 1.11 0.70 0.72 3.44 0.76 
K20 15.24 15.53 15.5B 15.67 15.81 14.95 15.44 15.7B 15.86 11.95 15.93 
Baa 0.71 0.37 0.94 0.02 0.39 0.77 0.18 0.30 0.35 0.19 0.16 
P205 0.16 0.14 0.17 0.18 0.13 0.12 0.16 0.13 0.23 0.22 0.20 
Total 100.23 100.08 99.B6 99.74 99.8B 100.59 100.90 101.20 100.61 100.98 101.01 

SI 3.00 3.01 2.99 3.01 3.01 3.00 2.99 3.00 3.01 3.00 3.01 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 1.00 0.99 1.00 0.99 1.00 . 1.00 1.00 1.00 0.99 0.99 0.9& 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Qa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NI n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 
Na 0.07 0.08 0.06 0.06 0.05 0.09 0.10 0.06 0.08 0.30 0.07 
K 0.90 0.91 0.92 0.92 0.93 0.88 0.90 0.92 0.93 0.69 0.93 
Be 0.01 0.01 0.02 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00 
P . 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 



APPENDIX 4.2 
K FELDSPAR ROSSES K FELDSPAR TRAWENAGH BAY 

Sample Gl Gl Gl Gl G1 TRA3 TRA3 TRA3 TRA3 TRA4 TRA4 TRA4 
Location Rlm/2 Core/3 Core/4 Corel5 Rlm/5 Core/1 Rlm/1 Core/2 Rlm/2 Core/1 Core/2 Core/3 

SI02 65.94 66.17 65.65 65.85 65.47 65.28 65.46 65.38 65.77 65.20 64.93 64.93 
Ti02 0.03 0.00 0.00 0.01 0.00 0.04 0.00 0.03 0.00 0.07 0.02 0.00 
AI203 18.17 18.12 18.28 18.35 18.27 18.30 18.60 18.31 18.03 18.46 18.32 18.48 
Cr203 0.02 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.05 0.06 0.00 0.00 
Faa 0.10 0.00 0.04 0.09 0.07 0.00 0.08 0.07 0.00 0.00 0.00 0.12 
MnO 0.00 0.15 0.05 0.01 0.00 0.09 0.00 0.01 0.00 0.02 0.00 0.00 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.07 0.09 
cae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.05 0.03 
NiO n.d n.d n.d n.d n.d n.d n.d n.d n.d 0.01 0.10 0.00 
Na20 0.76 0.50 0.64 0.65 0.92, 0.74 0.91 0.90 1.00 0.87 0.77 0.60 
K20 15.93 16.14 16.28 15.84 15.36 15.73 15.68 15.65 15.48 15.59 15.32 15.71 
sao 0.16 0.40 0.15 0.16 0.01 0.00 0.07 0.00 0.04 0.02 0.00 0.00 
P205 0.20 0.18 0.10 0.23 0.16 0.28 0.19 0.20 0.31 0.00 0.00 0.05 
Total 101.01 101.18 100.97 100.77 99.84 100.03 100.74 100.28 100.30 100.30 99.56 100.02 

SI 3.01 3.03 3.01 3.01 3.01 3.00 2.99 3.00 3.01 3.00 3.01 3.00 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AI 0.98 0.98 0.99 0.99 0.99 0.99 1.00 0.99 0.97 1.00 1.00 1.01 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Mn 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Oi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
NI n.d n.d n.d n.d n.d n.d n.d. n.d n.d 0.00 0.00 0.00 
Na 0.07 0.04 0.06 0.06 0.08 0.07 0.08 0.08 0.09 0.08 0.07 0.05 
K 0.93 0.94 0.95 0.93 0.90 0.92 0.91 0.92 0.91 0.92 0.91 0.93 
Sa 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 

CONTINUED - K FELDSPAR TRA WENAGH BAY 

Sample TRA4 TRM TRM TRA4 TRA4 TRA2 TRA2 TRA2 TRA2 TRA2 
Location 114 Corel5 Rlml5 Core/6 Rlm/6 Corell Rlm/l Core/2 Rlm/2 Rlm/3 

SI02 65.14 65.16 64.78 64.88 65.18 65.83 65.69 66.00 65.57 65.62 
TI02 0.08 0.00 0.00 0.00 0.03 0.04 0.00 0.00 0.09 0.15 
AI203 18.44 16.42 18.49 18.24 18.25 18.65 18.70 18.86 18.96 18.96 
Cr203 0.04 0.06 0.02 0.09 0.00 0.00 0.04 0.06 0.00 0.08 
Faa 0.02 0.14 0.00 0.00 0.00 0.11 0.02 0.19 0.08 0.00 
MnO 0.00 0.00 0.08 0.05 0.00 0.02 0.02 0.00 0.00 0.00 , 
MgO 0.18 0.09 0.12 0.09 0.03 0.07 0.08 0.14 0.06 0.07 
cae 0.08 0.06 0.07 0.05 0.13 0.50 0.00 0.14 0.11 0.02 
NiO 0.05 0.00 0.10 0.00 0.02 0.16 0.05 0.07 0.02 0.16 
Na20 0.77 1.04 0.90 1.07 0.71 0.84 1.03 1.22 1.32 1.02 
K20 15.47 15.38 15.26 15.13 15.51 15.82 15.56 15.28 14.62 15.30 
sao 0.02 0.12 0.13 0.12 0.05 0.06 0.20 0.20 0.38 0.25 
P205 0.02 0.00 0.00 0.00 0.15 0.00 0.00 0.01 0.00 0.00 
Total 100.28 100.27 99.94 99.72 100.01 101.56 101.19 102.09 101.00 101.41 

SI 3.03 3.00 3.00 3.01 3.00 3.00 3.00 2.99 2.99 2.99 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
AI 1.00 1.00 1.01 1.00 0.99 1.00 1.01 1.01 1.02 1.02 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.00 
Oi 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 
NI 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 
Na 0.07 0.09 0.08 0.10 0.06 0.07 0.09 0.11 0.12 0.09 
K " 0.91 0.90 0.90 0.89 0.91 0.92 0.91 0.88 0.85 0.89 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
P 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 



APPENDIX 4.2 : CONTINUED 
KFELDSPAR MAINDONEGAL 

Sample MDG276 MDG276 MDG276 MDG276 MDG276 DON4 DON4 DON4 DON4 DON4 DON4 DON4 
Location Rlmll Halfll Corell Rlmll Almll Corell Halfll Almll Corel2 Alml2 Core/3 Core/4 

Si02 65.52 65.32 65.98 65.66 65.72 64.95 64.26 64.87 64.89 64.98 65.42 65.17 
Ti02 0.00 0.11 0.00 0.11 0.04 0.00 0.00 0.10 0.05 0.18 0.02 0.00 
AI203 18.23 18.18 18.23 18.17 18.38 18.77 18.26 18.40 18.30 18.34 18.67 18.60 
Cr203 0.05 0.07 0.07 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.08 
FeD 0.13 0.00 0.01 0.10 0.00 0.00 0.08 0.00 0.00 0.14 0.02 0.15 
MoO 0.00 0.00 0.02 0.00 0.02 0.07 0.00 0.41 0.02 0.05 0.00 0.00 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.03 
CaD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 
Na20 0.84 0.97 0.88 1.00 0.94 2.02 0.94 1.23 1.04 1.17 0.80 0.98 
K20 15.52 15.25 15.15 15.37 15.56 13.50 15.04 14.76 14.75 15.17 15.46 15.31 
aao 0.50 0.14 0.24 0.22 0.12 0.58 0.44 0.22 0.50 0.20 0.65 0.37 
P205 0.00 0.00 0.10 0.19 0.05 0.09 0.04 0.38 0.00 0.14 0.17 0.12 
Total 100.47 100.04 100.48 100.53 100.79 99.97 99.07 99.71 99.61 100.24 101.13 100.68 

51 3.01 3.02 3.02 3.01 3.01 3.00 3.00 2.99 3.01 2.99 2.99 2.99 
TI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
AI 0.99 0.99 0.98 0.98 0.99 1.02 1.01 1.00 1.00 1.00 1.01 1.01 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ne 0.08 0.09 0.08 0.09 0.08 0.18 0.09 0.11 0.09 0.10 0.07 0.09 
K 0.91 0.90 0.88 0.90 0.91 0.79 0.90 0.87 0.87 0.89 0.90 0.90 
Sa 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01 
P 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.15 0.00 0.01 0.01 0.00 

Sample DON4 DON16 DON16 DON16 DON16 
Location Corel5 Core/1 Almll Alm/1 Alm/2 

Si02 65.25 65.17 65.23 64.60 63.99 
TI02 0.04 0.00 0.12 0.00 0.00 
AI203 18.38 18.59 18.54 18.20 18.22 
Cr203 0.00 0.17 0.00 0.00 0.05 
FeD 0.01 0.00 0.03 0.07 0.00 
MoO 0.00 0.10 0.04 0.06 0.00 
MgO 0.00 0.01 0.00 0.00 0.00 
CaD 0.01 0.00 0.00 0.00 0.00 
Na20 1.08 1.37 1.08 0.92 0.99 
K20 15.01 14.60 14.76 14.82 15.00 
aao 0.28 0.47 0.20 0.27 0.55 
P205 0.11 0.12 0.12 0.23 0.00 
Total 100.06 100.36 100.01 99.18 98.79 

51 3.01 2.99 3.00 3.01 3.00 
TI 0.00 0.00 0.00 0.00 0.00 
AI 1.00 1.01 1.00 1.00 1.01 
Cr 0.00 0.01 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 
Mg 0.00 0.00 0.00 0.00 0.00 
Ca 0.00 0.00 0.00 0.00 0.00 
Ne 0.10 0.12 0.10 0.08 0.09 
K 0.88 0.86 0.87 0.88 0.90 
Sa 0.01 0.01 0.00 0.01 0.01 
P 0.00 0.01 0.01 0.01 0.00 



APPENDIX 4.3 
BIOTITE ROSSES 

Sample G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 
Location Core/1 Rlm/1 Core/2 Core/3 Rlm/3 Core/4 Rlm/4 Core/5 Rlm/5 Core/6 Core/7 Core/8 

Si02 35.51 35.29 34.63 35.53 36.10 35.46 35.44 35.71 35.90 35.19 35.82 35.58 
Ti02 2.83 3.38 2.77 2.99 3.18 3.05 2.96 2.94 3.36 3.11 3.09 3.21 
AI203 16.12 15.85 16.10 16.44 16.50 16.30 16.27 16.75 16.61 16.69 16.71 16.09 
Cr203 0.05 0.01 0.01 0.03 0.00 0.15 0.12 0.05 0.01 0.05 0.04 0.02 
Fee 22.00 21.47 21.15 21.87 21.43 22.31 21.91 21.43 21.39 22.07 21.69 22.26 
MnO 0.54 0.49 0.46 0.59 0.52 0.40 0.50 0.52 0.55 0.65 0.52 0.52 
MgO 7.71 7.98 7.65 7.46 7.77 7.97 7.74 7.83 8.05 7.97 7.93 7.71 
QlO 0.10 0.16 0.73 0.08 0.17 0.06 0.04 0.14 0.08 0.14 0.01 0.01 
Na20 0.54 0.36 0.32 0.32 0.49 0.46 0.45 0.36 0.42 0.27 0.43 0.42 
K20 9.38 9.18 9.22 9.51 9.54 9.60 9.42 9.37 9.36 8.74 9.59 9.46 
SaO 0.14 0.00 0.00 0.16 0.00 0.00 0.09 0.00 0.00 0.00 0.34 0.00 
P205 0.01 0.00 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 
Total 94.95 94.19 93.53 94.99 95.87 95.76 94.93 95.01 95.74 94.92 96.17 95.28 

51 5.56 5.55 5.48 5.57 5.57 5.52 5.54 5.55 5.54 5.49 5.53 5.56 
TI 0.33 0.40 0.33 0.35 0.34 0.36 0.35 0.34 0.39 0.36 0.36 0.34 
AI 2.98 2.94 3.00 3.04 3.00 2.99 3.00 3.07 3.02 3.07 3.04 2.96 
Aliv 2.44 2.45 2.52 2.43 2.43 2.48 2.46 2.45 2.46 2.51 2.47 2.44 
Alvl 0.54 0.49 0.48 0.61 0.57 0.51 0.54 0.67 0.56 0.55 0.57 0.52 
Cr 0.01 0.00 0.00 0.00 0.00 0.02 0.02 0.01 0.00 0.01 0.01 0.00 
Fe3+ 0.32 0.31 0.31 0.32 0.30 0.32 0.32 0.31 0.30 0.32 0.31 0.32 
Fe2+ 2.57 2.51 2.49 2.55 2.46 2.59 2.55 2.48 2.46 2.56 2.49 2.59 
Mn 0.07 0.07 0.08 0.08 0.07 0.05 0.07 0.07 0.07 0.09 0.01 0.01 
Mg 1.80 1.87 1.80 1.74 1.83 1.85 1.80 1.82 1.85 1.85 1.83 1.80 
Ca 0.02 0.03 0.12 0.01 0.03 0.01 0.01 0.02 0.01 0.02 0.00 0.00 
Na 0.16 0.11 0.10 0.10 0.00 0.00 0.14 0.11 0.13 0.08 0.13 0.13 
K 1.88 1.84 1.86 1.90 0.15 0.14 1.88 1.88 1.84 1.74 1.89 1.88 
Sa 0.01 0.00 0.00 0.01 1.88 1.91 0.01 0.00 0.00 0.00 0.02 0.00 
P 0.00 0.00 0.07 0,00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 

Sample G2 G2 G2 278POR 278POR 218POR 218POR 218POR 218POA 278POR 278POR 
Location Rlm/8 Corel9 Rlm/9 Core/1 Rlm/1 Corel2 Coral3 Corel4 Halfl5 Rlm/5 Core/6 

Pheno Pheno G'mass G'mass Pheno Pheno Pheno Pheno 
SI02 35.79 36.62 35.58 36.30 35.65 35.71 36.60 35.43 35.60 35.46 35.87 
TI02 2.99 3.05 3.08 3.26 3.19 2.81 2.53 2.55 3.06 2.95 3.01 
AI203 16.26 16.42 16.48 15.35 15.97 15.92 16.17 17.18 15.92 15.98 15.91 
Cr203 0.00 0.00 0.01 0.17 0.13 0.00 0.08 0.05 0.00 0.02 0.07 
Fee 22.64 21.75 21.72 21.53 21.51 21.31 20.62 21.27 22.17 21.58 21.20 
MnO 0.73 0.66 0.79 0.16 0.21 0.18 0.04 0.11 0.26 0.16 0.11 
MgO 7.70 7.86 8.02 8.68 8.51 8.80 9.28 8.18 8.64 8.66 8.99 
QlO 0.05 0.06 0.20 0.00 0.00 0.00 0.08 0.04 0.00 0.00 0.00 
Na20 0.28 0.42 0.63 0.36 0.30 0.21 0.29 0.36 0.38 0.46 0.36 
K20 9.51 9.28 9.21 9.70 9.66 9.47 9.57 9.17 9.65 9.58 9.44 
SaO 0.00 0.00 0.00 0.80 0.23 0.96 0.00 0.20 0.11 0.18 0.93 
P205 0.00 0.00 0.00 0.02 0.01 0.07 0.16 0.03 0.06 0.09 0.00 
Total 95.95 95.12 95.06 96.33 95.48 95.41 95.41 94.56 95.85 95.13 96.00 

SI 5.56 5.56 5.51 5.59 5.52 . 6.55 5.61 5.51 5.51 5.51 5.54 
TI 0.35 0.36 0.36 0.38 (L37 0.33 0.29 0.30 0.36 0.35 0.38 
AI 2.97 3.01 3.01 2.79 2.91 2.92 2.92 3.15 2.90 2.93 2.89 
Aliv 2.45 2.45 2.49 2.41 2.48 2.46 2.39 2.60 2.49 2.49 2.48 
Alvl 0.53 0.58 0.62 0.38 0.43 0.46 0.63 0.65 0.41 0.44 0.43 
Cr 0.00 0.00 0.00 0.02 0.02 0.00 0.01 0.01 0.00 0.00 0.01 
Fe3+ 0.32 0.31 0.31 0.31 0.31 0.31 0.29 0.30 0.32 0.31 0.30 
Fe2+ 2.62 2.52 2.61 2.41 2.48 2.48 2.35 2.46 2.55 2.50 2.44 
Mn 0.10 0.09 0.10 0.02 0.03 0.02 0.01 0.01 0.04 0.02 0.02 
Mg 1.78 1.83 1.85 1.99 1.98 2.04 2.12 1.90 1.lIi 2.01 2.07 
Ca 0.01 0.01 0.03 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 
Na 0.09 0.13 0.16 0.11 0.09 0.06 0.09 0.11 0.11 0.14 0.11 
K 1.88 1.84 1.82 1.91 1.91 1.88 1.87 1.82 1.91 1.90 1.86 
Sa 0.00 0.00 0.00 0.05 0.01. 0.06 0.00 0.01 0.01 0.01 0.06 
P 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.00 0.01 0.01 0.00 



APPENDIX 4.3 - CONTINUED 
BIOTITE ROSSES 

Sample G1 G1 G1 G1 G1 G1 G1 G1 G1 G3 G3 G3 
Location Corell Rlm/l Core/2 Rlm/2 Core/3 Rlm/3 Core/4 Core/5 Rlm/5 Corel1 Rlm/1 Core/2 

SI02 35.94 36.25 35.95 36.24 36.10 36.78 36.04 35.88 35.38 37.10 37.08 37.04 
Ti02 3.35 3.22 3.06 2.96 3.28 2.80 3.34 3.05 2.43 3.02 2.47 3.16 
AI203 16.21 15.79 15.95 15.76 16.07 15.95 15.49 16.17 15.82 16.33 16.84 16.02 
Cr203 0.00 0.03 0.07 0.06 0.17 0.03 0.00 0.16 0.14 0.00 0.00 0.00 
FeD 20.74 21.13 21.92 22.00 21.87 22.10 21.18 21.78 22.03 20.87 19.60 20.79 
MnO 0.33 0.21 0.28 0.23 0.18 0.22 0.17 0.14 0.18 0.06 0.14 0.01 
MgO 8.08 8.33 8.11 8.12 7.87 8.12 8.37 8.18 8.30 8.22 8.16 8.40 
CaO 0.00 0.02 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Na20 0.37 0.35 0.65 0.41 0.29 0.40 0.21 0.22 0.35 0.24 0.36 0.32 
K20 9.25 9.51 9.48 9.62 9.37 9.74 9.49 9.53 9.03 9.74 9.33 9.67 
SaO 1.04 0.51 0.78 0.71 1.08 0.09 1.03 0.92 0.24 0.36 0.29 0.44 
P205 0.17 0.05 0.11 0.15 0.02 0.09 0.09 0.04 0.00 0.18 0.09 0.02 
Total 95.49 95.40 96.24 96.24 96.37 96.45 95.36 96.07 93.89 96.12 94.37 95.94 

SI 5.56 5.60 5.55 5.59 5.57 5.63 5.60 5.55 5.58 5.66 5.71 5.67 
TI 0.39 0.38 0.36 0.34 0.38 0.34 0.39 0.35 0.29 0.35 0.29 0.36 
AI 2.96 2.88 2.90 2.87 2.92 2.88 2.84 2.95 2.94 2.94 3.06 2.91 
Aliv 2.44 2.40 2.45 2.41 2.44 2.37 2.40 2.46 2.42 2.34 2.29 2.33 
Alvl 0.51 0.48 0.46 0.46 0.49 0.61 0.44 0.49 0.52 0.60 0.76 0.S7 
Cr 0.00 0.00 0.01 0.01 0.02 0.00 0.00 0.02 0.02 0.00 0.00 0.00 
Fe3+ 0.30 0.30 0.31 0.31 0.31 0.31 0.30 0.31 0.32 0.29 0.25 0.29 
Fe2+ 2.39 2.43 2.52 2.53 2.51 2.52 2.45 2.51 2.59 2.37 2.01 2.37 
Mn 0.04 0.03 0.04 0.03 0.02 0.03 0.02 0.02 0.02 0.01 0.02 0.00 
Mg 1.86 1.92 1.87 1.87 1.81 1.85 1.94 1.89 1.95 1.87 1.87 1.92 
01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Na 0.11 0.10 0.16 0.12 0.09 0.12 0.06 0.07 0.11 0.07 0.11 0.09 
K 1.83 1.88 1.87 1.89 1.84 1.90 1.88 1.88 1.82 1.90 1.83 1.88 
Sa 0.06 0.03 0.05 0.04 0.07 0.01 0.06 0.06 0.01 0.02 0.02 0.03 
P 0.02 0.01 0.01 0.02 0.00 0.09 0.01 0.01 0.00 0.02 0.01 0.00 

Sample G3 G3 G3 G3 G3 G2 G2 G2 G2 
Location Rim/2 Core/3 Rim/3 Core/4 Rim/4 Core/1 Rim/1 Core/2 Rlm/2 

SI02 37.21 36.32 36.33 36.80 36.96 36.15 38.17 38.28 38.52 
TI02 3.07 3.19 3.14 3.18 3.34 2.46 2.85 2.60 2.28 
AI203 15.65 15.98 16.00 16.40 16.41 17.02 16.72 16.94 16.41 
Cr203 0.00 0.06 0.07 0.04 0.08 0.14 0.08 0.00 0.11 
FeD 20.27 21.11 20.75 21.39 20.31 20.79 20.73 20.44 20.24 
MnO 0.10 0.05 0.12 0.09 0.00 0.84 0.77 0.77 0.61 
MgO 8.27 8.10 7.71 7.95 7.92 6.99 7.32 7.75 7.89 
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
Na20 0.21 0.31 0.27 0.34 0.39 0.29 0.38 0.31 0.39 
K20 9.66 9.48 9.61 9.41 9.50 9.59 9.32 9.57 9.19 
SaO 0.22 1.05 0.83 0.50 0.87 0.49 0.80 0.14 0.15 
P205 0.01 0.00 0.00 0.11 0.03 0.03 0.00 0.02 0.01 
Total 94.68 95.84 94.71 98.20 95.80 94.85 94.71 94.79 93.82 

SI 5.75 5.82 5.67 6.63 5.68 5.62 5.63 5.62 5.89 
TI 0.36 0.37 0.37 0.37 0.39 0.29 0.31 0.30 0.27 
AI 2.85 2.91 2.94 2.96 2.96 . 3.12 3.07 3.09 3.02 
Aliv 2.25 2.38 2.33 2.37 2.34 2.38 2.37 2.38 2.31 
Alvl 0.60 0.53 0.61 0.58 0.62 0.75 0.70 0.71 0.71 
Cr 0.00 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.01 
Fe3+ 0.29 0.30 0.32 0.30 0.29 O.SO 0.30 0.29 0.29 
Fe2+ 2.04 2.43 2.62 2.44 2.32 2.41 2.40 2.36 2.35 
Mn 0.01 0.01 0.02 0.01 0.00 0.11 0.10 0.10 0.08 
Mg 1.91 1.87 1.79 1.81 1.81 1.62 1.70 1.79 1.83 
01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Na 0.06 0.09 0.08 0.10 0.12 0.09 0.11 0.09 0.12 
K 1.90 1.87 1.89 1.84 1.86 1.91 1.85 1.89 1.83 
Sa 0.01 0.06 0.05 O.OS 0.05 0.03 0.04 0.01 0.01 
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



APPENDIX 4.3 : CONTINUED. 
BIOTITE ARDARA 

Sampel ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD4 ARD1D ARD1D ARD1D 
Location Corell Core/2 Core/3 Rim/3 Core/l1 Core/12 Core/13 Core/14 Core/15 Corell Rlm/l Core/2 

SI02 37.32 37.19 37.21 37.01 37.27 37.49 37.30 37.28 37.22 36.81 36.71 35.98 
Ti02 1.87 1.89 1.88 1.54 2.34 1.77 1.81 1.95 2.02 2.47 2.83 2.93 
AI203 15.72 15.46 15.38 15.71 15.33 15.19 15.40 15.63 15.59 14.93 14.53 14.67 
Cr203 0.03 . 0.01 0.06 0.00 0.08 0.00 0.03 0.00 0.11 0.08 0.14 0.09 
FeO 17.97 18.29 18.14 18.05 19.18 19.26 18.79 18.89 18.65 20.56 20.11 20.49 
MnO 0.06 0.05 0.16 0.16 0.11 0.21 0.12 0.08 0.16 0.00 0.00 0.00 
MgO 11.88 11.90 11.42 12.14 11.80 11.42 11.44 11.86 11.72 10.34 10.01 10.12 
CaO 0.12 0.13 0.13 0.05 0.13 0.09 0.05 0.11 0.17 0.00 0.00 0.07 
Na20 0.42 0.37 0.67 0.33 0.41 0.27 0.41 0.46 0.47 0.34 0.41 0.49 
K20 8.87 9.48 9.56 9.1.6 9.53 9.79 9.51 9.38 9.52 9.55 9.52 9.47 
BaO 0.00 0.00 0.00 0.00 0.01 0.17 0.00 0.00 0.13 0.10 0.09 0.12 
P205 0.02 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.11 0.06 
Total 94.28 94.77 94.68 93.44 96.20 95.66 94.86 95.62 95.74 95.34 94.45 94.49 

51 5.70 5.70 5.71 5.69 5.64 5.72 5.71 5.68 5.88 5.86 5.70 5.60 
Ti 0.22 0.22 0.22 0.18 0.27 0.20 0.21 0.22 0.23 0.29 0.33 0.34 
AI 2.83 2.79 2.78 2.85 2.73 2.73 2.78 2.80 2.79 2.70 2.66 2.69 
Allv 2.30 2.30 2.29 2.31 2.36 2.29 2.29 2.34 2.35 2.34 2.30 2.40 
Alvi 0.53 0.49 0.49 0.54 0.37 0.44 0.49 0.46 0.45 0.36 0.36 0.30 
Cr 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.02 0.01 
Fe3+ 0.25 0.26 0.26 0.26 0.27 0.27 0.27 0.26 0.26 0.29 0.29 0.29 
Fe2+ 2.04 2.09 2.07 2.07 2.16 2.19 2.14 2.14 2.11 2.35 2.32 2.38 
Mn 0.01 0.01 0.02 0.02 0.01 0.27 0.02 0.01 0.02 0.00 0.00 0.00 
Mg 2.71 2.72 2.61 2.79 2.66 2.60 2.61 2.69 2.65 2.37 2.32 2.35 
ca 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.03 0.00 0.00 0.01 
Na 0.12 0.01 0.20 0.10 0.12 0.08 0.12 0.14 0.14 0.10 0.12 0.15 
K 1.73 1.85 1.87 1.80 1.84 1.91 1.86 1.82 1.85 1.87 1.88 1.88 
ea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 
P 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.01 0.01 

Sampel ARD1D ARD3A ARD3A ARD3A ARD3A ARD3A ARD3A ARD3A ARD3A ARD3A ARD3A ARD3A 
Location Rlm/2 Core/1 Rlm/1 Core/2 Rlm/3 Core/3 Rim/3 Core/4 Rlm/4 Corel5 Cor&/6 Rim/a 

SI02 36.58 36.63 36.08 36.57 36.54 38.64 36.93 37.01 37.18 37.19 36.72 37.06 
TI02 2.31 1.91 2.06 1.94 1.96 1.76 1.96 2.39 2.24 1.71 1.96 1.96 
AI203 14.74 15.46 14.72 15.13 15.17 15.06 15.01 15.00 15.01 14.73 14.98 15.50 
Cr203 0.01 0.08 0.05 0.00 0.02 0.03 0.11 0.00 0.04 0.05 0.11 0.04 
FeO 19.51 20.97 20.56 21.00 20.60 21.22 21.48 21.02 20.49 19.99 20.88 20.91 
MnO 0.02 0.00 0.00 0.05 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 10.45 10.79 10.72 10.64 10.66 10.81 10.68 10.70 10.72 11.52 10.75 10.82 
CaO 0.00 0.28 0.03 0.10 0.21 0.06 0.01 0.00 0.08 0.19 , 0.06 0.14 
Na20 0.22 0.44 0.48 0.32 0.43 0.34 0.55 0.50 0.34 0.37 0.32 0.25 
K20 9.41 9.10 9.23 9.37 9.17 9.49 9.59 9.57 9.40 9.32 9.59 9.00 
BaO 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 
P205 0.09 0.10 0.06 0.00 0.00 0.00 0.00 0.00 0.04 0.07 0.04 0.00 
Total 93.58 95.74 94.93 95.12 94.87 95.39 96.32 95.71 95.53 95.15 95.42 95.6B 

51 5.71 5.62 5.70 5.66 5.66 5.67 5.66 5.67 5.71 5.72 5.6B 5.67 
TI 0.27 0.22 0.24 0.23 0.23 0.20 0.23 0.28 0.26 0.20 0.23 0.23 
AI 2.71 2.80 2.68 2.76 2.77 . 2.75 2.71 2.71 2.72 2.67 2.72 2.80 
Allv 2.29 2.38 2.30 2.34 2.35 2.33 2.34 2.33 2.29 2.28 2.34 2.33 
Alvl 0.42 0.42 0.38 0.43 0.42 0.41 0.37 0.39 0.42 0.39 0.39 0.47 
Cr 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 
Fe3+ 0.28 0.30 0.29 0.30 0.29 0.30 0.30 0.30 0.29 0.28 0.30 0.30 
Fe2+ 2.26 2.40 2.37 2.42 2.37 2.44 2.45 2.40 2.34 2.29 2.40 2.38 
Mn 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 2.43 2.47 2.47 2.46 2.46 2.49 2.44 2.44 2.45 2.64 2.47 2.47 
ca 0.00 0.04 0.03 0.02 0.04 0.01 0.00 0.00 0.01 0.03 0.01 0.02 
Na 0.07 0.13 0.15 0.10 0.13 0.10 0.16 0.15 0.10 0.11 0.09 0.07 
K 1.87 1.76 1.82 1.85 1.81 1.87 1.87 1.87 1.84 1.83 1.89 1.76 
ea 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 



APPENDIX 4.3 - CONTINUED 
BIOTITE ARDARA 

9ampel ARD3A ARD3A ARD3A ARD10 ARD10 ARD10 ARD10 ARD10 ARD10 
Location Corel7 Core/8 Rim/8 Core/1 Rim/l Core/2 Rim/2 Core/3 Rim/3 

9102 37.13 36.57 36.92 37.87 37.61 38.06 37.26 37.81 38.23 
Ti02 1.88 2.41 1.82 1.90 1.91 1.77 1.73 1.75 1.89 
AI203 15.10 14.87 15.11 15.87 15.89 15.64 15.43 15.63 15.35 
Cr203 0.00 0.13 0.05 0.10 0.05 0.08 0.06 0.03 0.07 
FeD 20.16 20.95 20.32 17.28 17.51 17.47 17.26 16.96 16.86 
MnO 0.01 0.06 0.00 0.19 0.21 0.25 0.21 0.17 0.09 
MgO 11.52 10.43 10.83 11.64 11.65 12 .. 20 12.43 11.69 11.55 
cae 0.11 0.12 0.10 0.07 0.02 0.03 0.06 0.00 0.00 
Na20 0.45 0.51 0.56 0.44 0.45 0.31 0.42 0.23 0.18 
K20 9.24 9.42 9.19 9.29 9.65 9.70 8.86 9.56 9.65 
SaO 0.00 0.00 0.00 0.36 0.20 0.19 0.22 0.66 0.34 
P205 0.00 0.00 0.03 0.09 0.22 0.15 0.09 0.06 0.18 
Total 95.55 95.46 94.92 95.09 95.36 95.85 94.02 94.55 94.40 

Si 5.68 6.06 5.70 5.73 5.68 5.72 5.69 5.76 5.51 
TI 0.22 0.28 0.21 0.22 0.22 0.20 0.20 0.20 0.22 
AI 2.72 2.71 2.75 2.83 2.83 2.77 2.78 2.81 2.75 
Allv 2.32 1.94 2.30 2.27 2.32 2.28 2.31 2.24 2.49 
Alvl 0.40 0.77 0.45 0.56 0.51 0.49 0.47 0.57 0.28 
Cr 0.00 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.01 
Fe3+ 0.28 0.30 0.29 0.24 0.24 0.24 0.24 0.24 0.24 
Fe2+ 2.29 2.41 2.34 1.95 1.97 1.95 1.96 1.92 1.91 
Mn 0.00 0.01 0.00 0.02 0.03 0.03 0.03 0.02 0.01 
Mg 2.63 2.40 2.49 2.62 2.62 2.73 2.83 2.66 2.62 
Ca 0.02 0.02 0.02 0.01 0.00 0.01 0.01 0.00 0.00 
Na 0.13 0.15 0.17 0.13 0.13 0.09 0.12 0.01 0.05 
K 1.80 1.89 1.81 1.79 1.86 1.86 1.73 1.86 1.87 
Ba 0.00 0.00 0.00 0.02 0.01 0.01 0.01 0.04 0.02 
P 0.00 0.00 0.00 0.01 0.03 0.02 0.01 0.01 0.02 



APPENDIX 4.3 : CONTINUED 
BIOTITE FANAD 

Sampel FAN23 FAN23 FAN23 FAN23 FAN23 FAN23 FAN23 FAN23 FAN19 FAN19 FAN19 FAN19 
Location Core/1 Rlm/1 Core/2 Rlm/2 Core/3 Rlm/3 Core/4 Rlm/4 Core/1 Hal1l1 Rlm/1 Core/2 

Si02 35.83 36.22 36.43 36.50 35.70 36.52 36.61 36.56 35.17 36.40 36.33 35.37 
Ti02 4.05 4.07 3.97 3.29 4.18 3.71 3.36 3.66 4.02 3.80 3.95 3.14 
AI203 13.39 14.23 13.82 13.01 14.76 14.21 14.26 14.22 14.44 14.20 14.45 14.56 
Cr203 0.02 0.06 0.20 0.01 0.01 0.06 0.08 0.08 0.02 0.12 0.17 0.00 
FeO 18.86 18.50 19.20 19.47 19.95 18.66 19.53 19.08 20.85 19.96 20.27 20.70 
MrO 0.00 0.00 0.00 0.02 0.00 0.02 0.03 0.02 0.00 0.00 0.00 0.00 
MgO 11.25 11.35 11.43 12.17 10.69 11.89 11.26 10.89 9.95 10.17 10.34 11.17 
cao 0.07 0.11 0.00 0.01 0.00 0.20 0.00 0.00 0.00 0.10 0.10 0.00 
Na20 0.43 0.43 0.42 0.11 0.34 0.10 0.37 0.29 0.35 0.49 0.32 0.33 
K20 8.93 9.10 8.80 9.17 8.98 8.47 9.43 9.30 8.62 8.92 9.23 8.33 
BaO 1.37 0.87 1.95 0.61 2.22 0.66 1.00 0.75 2.35 1.76 1.17 0.85 
P205 0.07 0.10 0.10 0.08 0.02 0.11 0.13 0.07 0.10 0.11 0.15 0.75 
Total 94.26 95.04 96.32 94.44 96.8'7 94.61 96.06 94.98 95.81 96.03 96.48 94.51 

51 5.60 5.58 5.59 5.67 5.49 5.61 5.61 5.64 5.48 5.61 5.57 5.51 
TI 0.48 0.47 0.46 0.38 0.48 0.43 0.39 0.43 0.47 0.44 0.46 0.37 
AI 2.47 2.58 2.50 2.38 2.68 2.57 2.57 2.59 2.66 2.58 2.61 2.68 
Allv 2.40 2.43 2.41 2.33 2.51 2.39 2.39 2.36 2.52 2.39 2.43 2.49 
Alvi 0.07 0.16 0.09 0.05 0.17 0.18 0.18 0.22 0.14 0.20 0.18 0.19 
Cr 0.00 0.01 0.02 0.00 0.00 0.Q1 0.01 0.01 0.00 0.01 0.02 0.00 
Fe3+ 0.27 0.26 0.27 0.28 0.28 0.26 0.28 0.27 0.30 0.28 0.29 0.30 
Fe2+ 2.19 2.12 2.19 2.25 2.28 2.13 2.23 2.19 2.42 2.29 2.31 2.40 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 2.62 2.61 2.61 2.82 2.45 2.72 2.57 2.50 2.32 2.34 2.36 2.60 
ca 0.01 0.02 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.02 0.02 0.00 
Na 0.13 0.13 0.13 0.03 0.10 0.03 0.11 0.09 0.11 0.14 0.10 0.10 
K 1.78 1.79 1.72 1.82 1.76 1.66 1.84 1.83 1.72 1.75 1.81 1.66 
Sa 0.08 0.05 0.12 0.04 0.13 0.04 0.08 0.05 0.14 0.11 0.07 0.05 
P 0.01 0.01 0.01 0.01 0.00 0.02 0.02 0.01 0.01 0.01 0.02 0.01 

Sampel FAN19 FAN19 FAN19 FAN19 F582 F582 F582 FAN11 FAN11 FAN11 FAN11 FAN11 
Location Rim/2 Core/3 Rlm/3 Core/4 Core/3 Core/2 Rlm/2 Corel1 Rlm/1 Corel2 Rim/2 Core/3 

5102 35.83 35.06 36.12 35.79 35.83 37.31 36.93 38.81 38.99 38.49 38.22 38.79 
Ti02 4.17 3.98 3.06 3.74 4.46 4.38 4.62 3.10 2.66 2.70 2.83 3.73 
AI203 14.34 14.52 14.94 14.27 14.84 14.42 14.26 13.85 14.36 13.90 14.07 13.60 
Cr203 0.00 0.11 0.06 0.02 0.01 0.05 0.00 0.09 0.14 0.19 0.04 0.12 
FeO 19.96 21.09 20.42 20.28 19.37 19.14 18.89 17.32 16.83 17.54 17.31 18.24 
MnO 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.12 0.00 
MgO 10.05 10.02 10.72 10.09 11.55 12.03 11.94 12.18 12.84 12.11 12.73 12.13 
cao 0.00 0.01 0.05 0.04 0.03 0.10 0.05 0.00 0.00 0.00 , 0.00 0.00 
Naro 0.29 0.54 0.47 0.36 0.45 0.57 0.00 0.00 0.00 0.00 0.00 0.00 
K20 8.85 8.75 9.12 9.08 9.15 9.26 9.44 9.58 9.42 9.52 9.25 9.88 
BaO 1.98 2.36 1.23 1.34 1.09 0.57 0.71 0.95 0.77 1.34 1.05 1.30 
P205 0.06 0.10 0.05 0.00 n.d n.d n.d 0.26 0.38 0.19 0.37 0.34 
Total 95.52 96.56 96.22 95.01 96.61 97.82 97.45 96.14 96.38 95.97 95.98 96.13 

51 5.57 5.45 5.55 5.59 5.46 5.58 5.56 5.64 5.61 5.64 5.75 5.77 
TI 0.49 0.45 0.35 0.44 0.51 0.49 0.52 0.35 0.30 0.31 0.32 0.42 
AI 2.63 2.66 2.71 2.63 2.S7 . 2.54 2.53 2.46 2.52 2.49 2.50 2.38 
Altv 2.43 2.55 2.45 2.41 2.54 2.42 2.45 2.18 2.20 2.16 2.25 2.23 
Alvl 0.20 0.11 0.2S 0.22 0.13 0.12 0.06 0.29 0.33 0.32 0.25 0.15 
Cr 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.02 0.02 0.01 0.02 
Fe3+ 0.29 0.30 0.29 0.29 0.27 0.26 0.26 0.24 0.23 0.25 0.24 0.25 
Fe2+ 2.31 2.44 2.34 2.36 2.20 2.13 2.12 1.94 1.87 1.98 1.94 2.02 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 
Mg 2.33 2.32 2.46 2.35 2.62 2.68 2.68 2.73 2.85 2.74 2.86 2.89 
ca 0.00 0.00 0.01 0.01 0.01 0.02 0.01 0.00 0.00 0.00 0.00 0.00 
Na 0.09 0.16 0.14 0.11 0.13 0.18 0.18 0.00 0.00 0.00 0.00 0.00 
K 1.76 1.73 1.79 1.81 1.78 1.77 1.81 1.84 1.79 1.84 1.77 1.87 
Sa 0.12 0.14 0.01 0.08 0.07 0.03 0.04 0.06 0.05 0.08 O.OS 0.06 
P 0.01 0.01 0.01 0.00 n.d n.d n.d 0.03 0.05 0.03 0.05 0.04 



APPENDIX 4.3 : CONTINUED 
BIOTITE MAIN DONEGAL GRANITE 

Sampel DON4 DON4 DON4 DON4 DON4 DON4 DON4 DON4 DON4 DON4 DON4 DON4 
Location Core/1 Rim/1 Core/2 Rlm/2 Core/3 Half/3 Rim/3 Core/4 Core/5 Core/6 Rim/6 Core/1 

small small small Inc. small 
Si02 35.43 35.52 35.13 34.56 35.37 35.37 35.48 35.06 35.24 35.44 37.02 35.23 
Tl02 2.98 2.89 3.21 2.75 3.12 3.09 2.87 2.51 3.69 2.82 2.48 3.19 
AI203 15.90 16.10 15.93 16.11 15.94 16.13 15.93 15.81 16.25 15.96 16.02 15.77 
Cr203 0.08 0.00 0.07 0.08 0.04 0.09 0.00 0.01 0.05 0.12 0.00 0.02 
FeO 23.10 23.22 22.59 22.62 23.05 23.27 23.40 23.60 22.88 23.64 22.50 23.00 
MnO 0.00 0.05 0.03 0.00 0.00 0.09 0.07 0.00 0.10 0.01 0.09 0.07 
MgO 7.92 8.03 7.68 7.88 7.81 8.25 7.85 7.86 7.41 7.97 7.52 7.93 
O:!O 0.00 0.00 0.00 0.10 0.08 0.05 0.01 0.10 0.01 0.00 0.05 0.00 
Na20 0.38 0.44 0.00 0.33 0.45 0.23 0.32 0.31 0.27 0.49 0.38 0.44 
K20 9.69 9.58 9.39 8.77 9.47 9.04 9.61 9.54 9.63 9.64 8.93 9.46 
SaO 0.31 0.18 0.00 0.14 0.34 0.00 0.26 0.26 0.35 0.28 0.16 0.26 
P205 0.00 0.11 0.00 0.12 0.12 0.19 0.06 0.00 0.01 0.06 0.04 0.08 
Total 95.77 96.11 94.42 93.45 95.82 95.80 95.86 95.05 95.88 96.42 95.18 95.45 

SI 5.52 5.50 5.52 5.48 5.50 5.47 5.52 5.52 5.47 5.49 5.72 5.50 
TI 0.35 0.34 0.38 0.33 0.37 0.36 0.34 0.30 0.43 0.33 0.29 0.38 
AI 2.92 2.94 2.95 3.01 2.92 2.94 2.92 2.94 2.97 2.92 2.92 2.90 
Ally 2.48 2.50 2.48 2.52 2.50 2.53 2.48 2.48 2.53 2.51 2.28 2.50 
AIYi 0.44 0.44 0.47 0.49 0.43 0.41 0.44 0.46 0.45 0.41 0.64 0.40 
Cr 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.00 0.00 
Fe3+ 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.34 0.33 0.34 0.32 0.33 
Fe2+ 2.68 2.68 2.64 2.67 2.67 2.68 2.67 2.77 2.65 2.73 2.59 2.67 
Mn 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01 
Mg 1.84 1.85 1.01 1.86 1.81 1.90 1.82 1.85 1.72 1.84 t .73 1.85 
QI 0.00 0.00 0.00 0.02 0.01 0.01 0.00 0.02 0.00 0.00 0.01 0.00 
Na 0.11 0.13 0.12 0.10 0.14 0.07 0.10 0.10 0.08 0.15 0.11 0.13 
K 1.93 1.89 1.88 1.77 1.88 1.78 1.91 1.92 1.91 1.91 1.76 1.88 
Sa 0.02 0.01 0.00 0.01 0.02 0.00 0.01 0.02 0.02 0.02 0.01 0.02 
P 0.00 0.01 0.00 0.02 0.02 0.02 0.02 0.00 0.00 0.01 0.01 0.01 

Sampel MOG267 MOG267 MOG267 MOG267 MDG267 MDG267 MDG267 MDG267 DON17 DON17 DON17 
Location Core/1 Rlm/1 Core/2 Rlm/2 Core/3 Rlm/3 Core/4 Rim/4 Rlm/2 Core/3 Rlm/3 

SI02 35.28 35.13 35.58 35.53 35.31 35.62 35.51 35.72 3EI.01 36.07 36.25 
TI02 3.06 2.71 2.41 2.33 2.45 2.61 2.40 2.47 3.08 3.35 3.13 
AI203 17.17 16.51 17.80 17.54 17.55 17.38 17.72 17.91 15.84 16.37 16.37 
Cr203 0.01 0.00 0.10 0.03 0.00 0.02 0.03 0.13 0.17 0.00 0.06 
FeO 22.93 22.29 21.94 22.57 22.39 22.06 22.04 22.76 22.40 22.20 21.92 
MnO 0.25 0.32 0.20 0.02 0.18 0.10 0.21 0.05 0.00 0.00 0.10 
MgO 7.20 7.11 7.25 7.39 7.28 7.40 7.35 7.76 8.65 8.41 8.42 
O:!O 0.00 0.10 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 i 0.01 
Na20 0.41 0.21 0.25 0.22 0.22 0.21 0.28 0.43 0.49 0.37 0.40 
K20 9.15 9.05 9.22 9.46 9.42 9.30 9.43 9.18 9.82 9.76 9.48 
SaO 0.46 0.34 0.39 0.10 0.25 0.28 0.33 0.24 0.43 0.08 0.43 
P205 0.14 0.04 0.16 0.02 0.03 0.08 0.03 0.10 0.16 0.09 0.04 
Total 96.07 93.81 95.29 95.20 95.11 95.06 95.35 96.75 96.84 96.70 96.61 

SI 5.45 5.55 5.50 5.51 5.49 5.52 5.50 5.45 5.53 5.51 5.54 
Ti 0.36 0.32 0.28 0.27 0.29 .0.30 0.28 0.28 0.36 0.39 0.36 
AI 3.13 3.07 3.24 3.21 3.22 3.18 3.23 3.22 2.87 2.95 2.95 
Ally 2.55 2.45 2.50 2.49 2.51 2.48 2.50 2.55 2.47 2.49 2.46 
Aivi 0.58 0.62 0.75 0.72 0.71 0.70 0.73 0.67 0.39 0.48 0.49 
Cr 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.01 
Fe3+ 0.33 0.32 0.31 0.32 0.32 0.32 0.31 0.32 0.32 0.31 0.31 
Fe2+ 2.64 2.62 2.53 2.61 2.59 2.55 2.54 2.59 2.56 2.53 2.50 
Mn 0.03 0.04 0.03 0.00 0.02 0.01 0.03 0.01 0.00 0.00 0.01 
Mg 1.66 1.67 1.67 1.71 1.69 1. 71 1.70 1.77 l.98 1.92 1.92 
QI 0.00 0.02 0.00 0.00 0.00 0.00 am 0.00 0.00 0.00 0.00 
Na 0.12 0.07 0.07 0.07 0.07 0.06 0.08 0.13 0.15 0.11 0.12 
K 1.80 1.82 1.82 1.87 1.87 1.84 1.86 1.79 1.88 1.90 1.85 
Sa 0.03 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.03 0.01 0.03 
P 0.02 0.01 0.02 0.00 0.00 0.01 0.00 0.01 0.02 0.01 0.01 



APPENDIX 4.3 : CONTINUED 
BIOTITE MAIN DONEGAL GRANITE 

Sampel DON16 DON16 DON16 DON16 DON16 DON16 DON16 DON17 DON17 DON17 
Location Corell Rlm/l Core/2 Core/3 Rim/3 Core/4 Rlm/4 Corell Rim/l Core/2 

8i02 35.52 35.96 35.32 34.85 35.58 35.35 35.47 35.48 35.91 35.83 
Ti02 3.18 3.24 3.13 2.69 2.96 3.03 3.20 2.63 3.10 3.21 
AI203 15.93 15.76 15.84 15.57 15.86 16.18 16.14 16.26 16.70 16.10 
Cr203 0.13 0.11 0.02 0.07 0.00 0.07 0.03 0.00 0.05 0.00 
FeD 22.75 22.81 22.70 23.52 22.53 22.66 22.31 20.51 21.59 22.27 
MnO 0.09 0.11 0.19 0.30 0.12 0.16 0.22 0.04 0.01 0.05 
MgO 7.94 7.64 7.76 8.54 7.91 7.64 7.45 10.64 8.81 8.47 
GaO 0.00 0.06 0.01 0.05 0.00 0.03 0.02 0.00 0.02 0.02 
Na20 0.38 0.43 0.36 0.36 0.56 0.42 0.33 0.45 0.36 0.51 
K20 9.55 9.49 9.41 8.07 9.55 9.22 9.54 8.22 9.11 9.67 
BaO 0.56 0.13 0.11 0.58 0.54 0.22 0.25 0.45 0.54 0.19 
P205 0.06 0.05 0.00 0.06 0.04 0.04 0.05 0.07 0.08 0.09 
Total 96.04 95.77 94.82 94.65 95.65 95.08 94.98 94.76 96.27 96.41 

51 5.51 5.57 5.53 5.51 5.54 5.52 5.54 5.47 5.49 5.51 
Ti 0.37 0.38 0.37 0.32 0.35 0.36 0.38 0.31 0.36 0.37 
AI 2.91 2.88 2.93 2.90 2.91 2.98 2.97 2.96 3.01 2.92 
Aliv 2.49 2.43 2.47 2.49 2.46 2.48 2.46 2.53 2.51 2.50 
Alvi 0.42 0.45 0.46 0.41 0.46 0.49 0.51 0.42 0.51 0.42 
Cr 0.02 0.01 0.00 0.01 0.00 0.01 0.03 0.00 0.01 0.00 
Fe3+ 0.33 0.33 0.33 0.34 0.32 0.33 0.32 0.29 0.30 0.32 
Fe2+ 2.63 2.63 2.65 2.77 2.61 2.63 2.59 2.35 2.46 2.55 
Mn 0.01 0.01 0.03 0.04 0.02 0.02 0.03 0.01 0.00 0.01 
Mg 1.84 1.76 1.80 2.03 1.84 1.79 1.73 2.44 2.01 1.94 
Ca 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 
Na 0.11 0.13 0.11 0.11 0.17 0.13 0.10 0.13 0.11 0.15 
K 1.89 1.88 1.88 1.63 1.90 1.84 1.90 1.62 1.78 1.90 
Ba 0.03 0.01 0.01 0.04 0.03 0.01 0.02 0.03 0.03 0.01 
P 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

APPENDIX 4.3 : CONTINUED 
BIOTITE TRA WENAGH BAY 

Sampel TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 
Location Corell Rlm/1 Corel2 Corel3 Rim/3 Core/4 Core/5 Rim/5 Core/6 Core/7 Rlml7 Core/8 

5102 36.01 36.71 35.97 35.99 35.57 36.13 36.16 36.09 35.71 36.08 36.31 .35.92 
TI02 3.04 3.02 3.13 3.05 2.94 3.03 3.29 3.39 3.10 3.18 3.05 2.62 
AI203 16.17 16.66 16.42 16.19 16.51 16.73 16.31 16.24 16.12 16.37 16.79 16.27 
Cr203 0.00 0.00 0.04 0.00 0.04 0.06 0.07 0.07 0.00 0.03 ' 0.00 0.08 
FeD 22.89 21.81 22.20 22.08 22.44 21.85 22.74 22.17 21.60 22.56 21.55 23.47 
MoO 0.25 0.21 0.13 0.30 0.12 0.32 0.20 0.13 0.16 0.29 0.31 0.16 
MgO 8.35 8.70 8.22 8.56 8.55 8.44 8.07 7.97 7.94 7.90 7.70 7.72 
GaO 0.02 0.11 0.07 0.05 0.07 0.09 0.00 0.08 0.82 0.07 0.03 0.12 
Na20 0.27 0.44 0.44 0.39 0.40 0.33 0.46 0.26 0.49 0.37 0.37 0.45 
K20 9.46 9.49 9.62 9.34 8.89 9.77 9.48 9.49 9.18 9.65 9.59 9.57 
BaO 0.06 0.00 0.04 0.00 0.00 0.10 0.00 0.10 0.14 0.00 0.04 0.10 
P205 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.48 0.00 0.00 0.00 
Total 96.52 97.14 96.27 95.92 95.54 96.84 96.78 96.01 95.73 96.51 95.74 96.46 

Si 5.56 5.58 5.54 5.56 5.51 5.52 5.56 5.56 5.51 5.56 5.60 5.66 
TI 0.35 0.35 0.36 0.35 0.34 0.35 0.38 0.39 0.36 0.37 0.35 0.31 
AI 2.94 2.98 2.9B 2.95 3.02 3.01 2.96 2.95 2.93 2.97 3.05 2.97 
Allv 2.41 2.43 2.46 2.41 2.49 2.48 2.44 2.44 2.49 2.44 2.40 2.44 
Alvl 0.50 0.56 0.53 0.54 0.53 0.53 0.52 0.52 0.45 0.53 0.65 0.53 
Cr 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01 
Fe3+ 0.33 0.31 0.32 0.31 0.32 0.31 0.32 0.31 0.31 0.32 0.31 0.34 
Fe2+ 2.63 2.47 2.55 2.54 2.59 2.48 2.60 2.55 2.48 2.59 2.47 2.70 
Mn 0.03 0.03 0.02 0.04 0.02 0.04 0.03 0.02 0.02 0.04 0.04 0.02 
Mg 1.92 1.97 1.19 1.97 1.97 1.92 1.85 1.B3 1.B3 1.82 1.77 1.78 
Ca 0.00 0.02 0.01 0.01 0.01 0.02 0.00 0.01 0.14 0.01 0.05 0.02 
Na 0.08 0.13 0.13 0.12 0.12 0.10 0.14 0.08 0.15 0.11 0.11 0.14 
K 1.86 1.84 1.89 1.B4 1.7B 1.90 1.86 1.87 1.81 1.90 1.89 1.89 
Ba 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01 
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 



APPENDIX 4.4 
HORNBLENDE ARDARA 
Sampla ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD3 ARD1D ARD1D 
Location Core/1 Cora/2 Rlm/2 Core/3 Rlm/3 Core/4 Cora/5 Rlm/5 Core/6 Core/7 Corell Rlm/1 

5102 43.53 43.77 43.54 43.56 42.08 43.52 43.43 44.04 43.32 43.18 43.16 43.34 
TI02 1.73 1.62 1.40 1.76 1.33 1.18 1.36 1.14 1.42 1.50 1.59 0.74 
AI203 9.09 9.51 9.18 8.98 9.43 9.64 9.12 9.80 9.36 9.17 8.65 9.07 
Cr203 0.02 0.01 0.15 0.14 0.02 0.00 0.12 0.01 0.05 0.12 0.05 0.10 
Fee 19.73 20.00 19.77 19.06 20.37 20.24 18.87 19.32 19.01 19.08 18.26 18.56 
MnO 0.10 0.14 0.15 0.16 0.30 0.23 0.13 0.35 0.10 0.18 0.08 0.02 
MgO 9.33 9.48 9.28 9.67 8.92 8.85 9.79 9.59 9.81 9.92 9.57 9.36 
cae 11.23 11.91 11.33 11.26 11.06 11.41 11.32 11.37 11.24 11.56 11.12 10.83 
Na20 1.74 1.84 1.77 2.04 1.68 1.78 2.03 1.77 2.02 1.90 1.85 1.83 
K20 1.12 1.20 1.12 1.17 1.08 1.21 1.14 1.14 1.07 1.11 1.10 1.05 
SaO 0.03 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.03 0.00 0.08 0.31 
P205 0.11 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.09 
Total 97.45 98.17 97.54 97.79 96.26 97.96 97.36 98.51 97.40 97.73 95.58 95.29 

51 6.64 8.63 6.65 6.65 6.57 6.65 6.65 6.67 6.64 6.61 6.69 6.75 
TI 0.20 0.18 0.16 0.20 0.16 0.14 0.16 0.13 0.16 0.17 0.19 0.09 
AI 1.64 1.70 1.65 1.62 1.74 1.74 1.65 1.75 1.69 1.66 1.58 1.66 
AIIV 1.36 1.37 1.35 1.35 1.43 1.35 1.35 1.33 1.36 1.39 1.31 1.25 
AIVI 0.28 0.33 0.30 0.27 0.31 0.39 0.29 0.42 0.33 0.27 0.28 0.42 
Cr 0.00 0.00 0.02 0.02 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 
Fe 2.52 2.53 2.52 2.44 2.66 2.86 2.42 2.45 2.44 2.44 2.37 2.42 
Mn 0.01 0.02 0.02 0.02 0.04 0.03 0.02 0.05 0.01 0.02 0.01 0.02 
Mg 2.21 2.14 2.11 2.20 2.08 2.02 2.23 2.17 2.24 2.27 2.21 2.17 
Ql 1.84 1.82 1.85 1.84 1.85 1.87 1.86 1.89 1.86 1.90 1.85 1.81 
Na 0.52 0.54 0.52 0.60 0.51 0.53 0.60 0.52 0.60 0.56 0.56 0.55 
K 0.22 0.23 0.22 0.23 0.22 0.53 0.22 0.22 0.21 0.22 0.22 0.21 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 
P 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 

Sample ARD1D ARD1D ARD1D ARD1D ARD1D ARD1D ARD1D ARD1D 
Location Core/2 Core/3 Coral4 Cora/5 Cora/6 Core/7 Corel8 Cora/9 

SI02 43.51 43.57 43.15 43.49 43.51 42.16 44.15 43.89 
TI02 0.98 1.17 1.33 1.56 1.56 0.95 1.39 1.04 
AI203 8.86 8.77 8.40 8.51 8.85 9.61 8.91 9.18 
Cr203 0.16 0.10 0.06 0.11 0.09 0.00 0.08 0.06 
Fee 19.08 19.14 18.78 18.29 17.92 19.40 19.29 18.95 
MnO 0.10 0.13 0.18 0.23 0.12 0.09 0.06 0.09 
MgO 9.53 9.43 9.22 9.75 10.17 9.18 9.68 9.62 
CaO 11.23 11.48 11.35 10.95 11.22 11.38 11.39 11.67 
Na20 1.56 1.72 1.57 1.87 1.17 1.46 1.54 1.45 
K20 1.14 1.12 1.11 1.00 1.14 1.14 1.12 1.20 
SaO 0.24 0.00 0.02 0.14 0.11 0.00 0.29 0.00 
P205 0.05 0.03 0.16 0.29 0.07 0.16 0.04 0.18 
Total 96.43 96.64 95.32 96.19 96.53 96.53 97.95 97.32 

51 6.71 6.71 6.73 6.71 6.67 6.65 6.70 6.69 
TI 0.11 0.14 0.16 0.18 0.18 0.11 0.16 0.12 
AI 1.61 1.59 1.54 1.55 1.60 1.74 1.60 1.65 
AIIV 1.29 1.29 1.25 1.29 1.33 '1.35 1.30 1.31 
AfVI 0.33 0.30 0.27 0.25 0.27 0.39 0.30 0.34 
Cr 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 
Fe 2.46 2.46 2.45 2.36 2.30 2.50 2.45 2.41 
Mn 0.01 0.02 0.02 0.03 0.02 0.01 0.01 0.01 
Mg 2.19 2.16 2.14 2.24 2.32 2.11 2.19 2.19 
Ql 1.86 1.89 1.90 1.81 1.84 1.88 1.85 11.67 
Na 0.47 0.51 0.48 0.56 0.53 0.44 0.46 0.43 
K 0.22 0.22 0.22 0.20 0.22 0.23 0.22 0.23 
Sa 0.01 0.00 0.00 0.02 0.01 0.00 0.02 0.00 
P 0.01 0.00 0.02 0.02 0.01 0.02 0.01 0.02 



APPENDIX 4.4 : CONTINUED 
HORNBLENDE - FANAD 

Sample FAN 46 FAN 46 FAN 46 FAN 46 FAN 46 FAN 46 FAN 46 FAN 46 FAN 46 FAN23 FAN23 FAN23 
Location Core/1 rlm/1 core/2 rlm2 Core/3 rlm/3 Corel1 Aim/1 Core/2 

Si02 46.71 49.04 44.86 46.39 47.46 42.72 45.59 44.38 46.95 43.22 45.93 44.35 
TI02 1.68 1.12 1.79 1.43 1.34 2.95 1.71 1.81 1.28 1.38 1.27 1.84 
AI203 7.41 6.19 8.68 7.34 8.02 10.96 8.13 8.81 7.68 9.46 7.50 8.65 
Cr203 0.14 0.07 0.23 0.04 0.07 0.07 0.17 0.19 0.00 0.07 0.08 0.11 
FeD 16.28 15.45 17.47 16.10 16.54 15.35 16.01 16.61 17.12 17.18 16.69 17.42 
MnO 0.19 0.16 0.07 0.10 0.12 0.18 0.07 0.19 0.11 0.22 0.17 0.22 
MgO 12.26 13.39 11.29 12.46 12.44 11.49 12.06 10.96 11.84 11.41 11.57 10.66 
cae 11.22 12.10 11.86 11.71 11.86 11.14 11.44 12.18 11.73 10.50 11.46 11.37 
Na20 1.77 1.16 1.57 1.74 1.56 2.00 1.96 1.69 1.59 1.56 1.42 1.96 
K20 0.71 0.50 0.75 0.66 0.71 1.24 0.59 0.90 0.71 0.68 0.76 0.74 
SaO 0.02 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.26 0.00 0.17 
P205 n.d n.d n.d n.d n.d n.d n.d n.d n.d 0.14 0.09 0.07 
Total 98.02 98.63 98.20 97.96 99.69 98.07 97.50 97.72 98.71 96.05 96.93 97.56 

Si 6.92 7.15 6.70 6.91 6.91 6.39 6.81 6.69 6.93 6.61 6.91 6.70 
TI 0.19 0.12 0.20 0.16 0.15 0.33 0.19 0.21 0.14 0.16 0.14 0.21 
AI 1.30 1.06 1.53 1.29 1.38 1.93 1.43 1.57 1.34 1.70 1.33 1.54 
AIIV 1.08 0.85 1.30 1.09 1.09 1.61 1.19 1.31 1.07 1.39 1.09 1.30 
AIVI 0.22 0.21 0.23 0.20 0.28 0.32 0.24 0.25 0.27 0.31 0.24 0.24 
Cr 0.02 0.01 0.03 0.01 0.01 0.01 0.02 0.02 0.00 0.01 0.01 0.01 
Fe 2.02 1.88 2.19 2.01 2.01 1.92 2.00 2.09 2.11 2.20 2.10 2.20 
Mn 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.03 0.01 0.03 0.02 0.03 
Mg 2.71 2.91 2.51 2.77 2.70 2.56 2.68 2.46 2.61 2.60 2.60 2.40 
ca 1.78 1.89 1.90 1.87 1.85 1.79 1.83 1.97 1.86 1.72 1.85 1.84 
Na 0.51 0.33 0.46 0.50 0.44 0.58 0.57 0.05 0.45 0.46 0.42 0.57 
K 0.13 0.09 0.14 0.13 0.13 0.24 0.11 0.17 0.13 0.13 0.15 0.14 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.01 
P205 n.d n.d n.d n.d n.d n.d n.d n.d n.d 0.02 0.01 0.01 

Sample FAN7 FAN7 FAN11 FAN11 FAN11 FAN11 FAN11 FANll FANll FAN19 FAN19 FAN19 
Location Corell Core/2 Core/3 Rlm/3 Rim/1 Core/2 Rlm/2 00re/3 Aim/3 Core/1 Rim/1 00re/2 

SI02 46.25 46.29 47.49 50.56 50.60 47.51 47.36 48.13 47.50 43.16 45.33 45.28 
TI02 1.15 1.26 1.07 0.33 0.15 1.30 1.17 1.08 1.20 1.64 1.57 1.39 
AI203 7.13 7.06 6.53 4.87 4.20 6.71 6.71 6.30 6.98 9.49 8.24 7.88 
Cr203 0.21 0.09 0.16 0.08 0.06 0.02 0.11 0.02 0.19 0.14 0.03 0.11 
FeD 17.41 16.77 15.26 14.22 1S.75 15.17 15.46 14.74 15.63 18.37 16.93 17.13 
MnO 0.32 0.16 0.00 0.09 0.19 0.27 0.10 0.27 0.18 0.02 0.03 0.03 
MgO 11.08 11.18 12.65 13.95 14.40 12.51 12.43 12.92 12.57 10.07 11.28 11.23 
QQ 11.72 11.56 11.83 12.13 12.35 11.56 11.81 11.71 11.48 11.69 i 11.65 11.57 
Na20 1.39 1.30 1.06 0.78 0.69 1.S1 1.10 1.10 1.45 1.86 1.58 1.60 
K20 0.97 1.08 0.83 0.48 0.33 0.88 0.81 0.78 0.92 0.89 0.8S 0.77 
SaO 0.58 0.44 0.25 0.00 0.32 0.09 0.11 0.47 0.36 0.35 0.08 0.22 
P205, 0.53 0.37 0.27 0.32 0.33 0.34 0.37 0.37 0.40 0.11 0.20 0.12 
Total 98.73 97.56 97.38 97.80 97.35 97.86 97.53 97.8S 9S.85 97.77 97.74 97.33 

Si 6.90 6.95 7.06 7.37 7.41 7.03 7.02 7.10 6.98 6.56 6.79 6.83 
TI 0.12 0.14 0.12 0.04 0.02 '0.14 0.13 0.12 0.13 0.19 0.18 0.18 
AI 1.25 1.25 1.14 0.84 0.73 1.17 1.17 1.10 1.21 1.70 1.45 1.40 
AIIV 1.11 1.05 0.94 0.63 0.59 0.97 0.98 0.90 1.02 1.44 1.21 1.18 
AlVI 0.15 0.20 0.20 0.20 0.14 0.20 0.20 0.19 0.18 0.26 0.24 0.23 
Or 0.02 0.01 0.02 0.Q1 0.01 0.00 0.01 0.00 0.02 0.02 0.00 0.01 
Fe 2.17 2.11 1.99 1.73 1.69 1.88 1.92 1.82 1.92 2.33 2.12 2.16 
Mn 0.04 0.02 0.00 0.01 0.02 0.03 0.01 O.OS 0.41 0.00 0.00 0.00 
Mg 2.46 2.50 2.80 3.01 3.15 2.78 2.75 2.84 2.75 2.28 2.52 2.52 
Ca 1.87 1.86 1.88 1.89 1.94 1.83 1.88 1.85 1.81 1.90 1.87 1.87 
Na 0.40 0.38 0.30 0.22 0.19 0.38 0.32 0.32 0.41 0.55 0.46 0.47 
K 0.19' 0.21 0.18 0.09 0.06 0.17 0.15 0.15 0.17 0.17 0.16 0.15 
Sa 0.04 0.03 0.02 0.00 0.02 0.01 0.01 0.03 0.02 0.02 0,01 0.01 
P 0.07 0.05 0.03 0.04 0.04 0.04 0.05 0.05 0.05 0.01 0.03 0.02 



APPENDIX 4.4 : CONTINUED. 
HORNBLENDE FANAD 

sample FAN19 FAN19 FAN19 FAN19 FAN19 
location Rlm/2 Core/3 Rlm/3 Core/3 Rim/3 

SI02 45.81 41.49 44.15 45.52 45.36 
TI02 1.25 2.52 1.45 1.62 1.35 
AI203 8.24 11.30 8.31 6.43 8.02 
Cr203 0.00 0.02 0.03 0.02 0.02 
FeO 17.42 14.27 17.25 15.47 16.65 
MrO 0.07 0.06 0.00 0.11 0.01 
MgO 11.28 11.09 11.09 11.99 11.40 
cao 11.77 11.60 11.47 11.32 11.58 
Na20 1.40 2.12 1.48 1.42 1.44 
K20 0.86 0.83 0.93 0.83 0.80 
sao 0.23 0.05 0.23 0.00 0.00 
P205 0.00 0.11 0.14 0.10 0.05 
Total 98.32 95.44 96.56 96.79 96.68 

SI 6.84 6.34 6.73 6.82 6.85 
TI 0.14 0.29 0.17 0.18 0.15 
AI 1.45 2.04 1.49 1.49 1.43 
AIIV 1.16 1.66 1.27 1.18 1.15 
AIVI 0.29 0.37 0.23 0.31 0.28 
Cr 0.00 0.00 0.00 0.00 0.00 
R! 2.18 1.82 2.20 1.94 2.10 
Mn 0.01 0.01 0.00 0.01 0.00 
Mg 2.51 2.53 2.52 2.68 2.57 
O:t 1.88 1.90 1.87 1.82 1.87 
Na 0.40 0.63 0.44 0.41 0.42 
K 0.16 0.16 0.18 0.16 0.15 
Sa 0.01 0.00 0.01 0.00 0.00 
p 0.00 0.01 0.02 0.01 0.01 

TOORIES HORNBLENDE 

sample T03 . T03 T03 T03 T03 T03 T03 T03 T03 
location Corell Rlmll Core/2 Core/2 Rlm/2 Core/3 Rlm/3 Core/4 Rlm/4 

SI02 47.07 47.31 48.97 46.40 46.85 47.62 47.63 46.69 47.31 
TI02 1.26 0.90 1.03 1.38 1.18 0.81 0.66 1.26 1.48 
AI203 7.20 7.37 5.55 7.39 7.26 6.60 6.79 7.47 6.66 
Cr203 0.04 0.14 0.22 0.06 0.19 0.21 0.15 0.14 0.20 
FeO 15.78 15.49 14.84 15.86 15.55 15.43 15.79 15.76 14.86 
MrO 0.12 0.00 0.09 0.00 0.05 0.24 0.14 0:11 0.26 
MgO 12.75 12.66 13.38 12.23 12.33 12.84 12.91 12.47 13.08 
cao 11.73 11.76 12.14 11.64 11.66 11.74 11.98 11.61 11.99 
Na20 1.52 1.49 1.06 1.29 1.56 1.49 1.37 1.75 1.46 
K20 0.79 0.80 0.62 0.85 0.81 0.68 0.75 0.77 0.79 
sao 0.05 0.15 0.17 0.00 0.07 0.00 0.17 0.00 0.09 
P205 0.10 0.03 0.12 0.05 0.11 0.15 0.15 0.07 0.15 
Total 98.42 98.04 98.17 97.09 97.61 97.68 98.48 98.21 98.35 

SI 6.94 6.99 7.19 6.94 6.96 7.05 7.02 6.93 6.97 
TI 0.14 0.10 0.11 0.16 0.13 0.09 0.07 0.14 0.16 
AI 1.25 1.26 0.96 1.30 1.27 1.15 1.18 1.30 1.16 
AIIV 1.06 1.01 0.61 1.06 1.04 0.95 0.98 1.07 1.03 
AIVI 0.20 0.28 0.15 0.24 0.24 0.20 0.20 0.23 0.12 
Cr 0.00 0.02 0.03 0.01 0.02 0.03 0.02 0.02 0.02 
Fe 1.95 1.91 1.82 1.98 1.93 1.91 1.95 1.95 1.83 
Mn 0.02 0.00 0.01 0.00 0.01 0.03 0.02 0.02 0.03 
Mg 2.80 2.79 2.93 2.72 2.73 2.83 2.84 2.75 2.87 
O:t 1.85 1.86 1.91 1.87 1.86 1.86 1.89 1.84 1.98 
Na 0.44 0.43 0.30 0.37 0.45 0.43 0.39 0.50 0.44 
K 0.15 0.15 0.12 0.16 0.15 0.13 0.14 0.15 0.15 
Sa 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.01 
P 0.01 0.00 0.02 0.01 0.01 0.02 0.02 0.01 0.01 



APPENDIX 4.5. 
MUSCOVITE ROSSES 

Sample 132 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 
Location Core/1 Rim/1 Core/2 Rimf2 Core/3 Core/4 Rlm/4 Core/5 Rim/5 Core 16 Corel7 Core/8 

Si02 44.87 43.26 44.47 45.40 46.47 44.85 45.20 45.06 46.12 45.16 44.99 45.49 
Ti02 1.34 1.42 1.03 0.75 1.85 0.85 0.72 1.40 1.92 1.28 0.80 0.88 
AI203 29.32 29.29 29.27 28.29 29.01 30.06 30.11 30.28 27.65 29.98 29.33 30.32 
Cr203 0.00 0.05 0.14 0.07 0.00 0.00 0.00 0.01 0.13 0.04 0.00 0.00 
FeD 4.78 5.31 5.24 5.81 5.06 5.56 5.36 5.03 5.50 4.79 5.81 4.50 
MnO 0.00 0.00 0.00 0.01 0.00 0.00 0.11 0.00 0.06 0.00 0.00 0.00 
MgO 1.21 1.20 1.26 1.78 1.68 1.32 1.26 1.34 2.04 1.48 1.64 1.22 
CeO 0.08 0.00 0.06 0.05 0.08 0.13 0.00 0.14 0.00 0.11 0.09 0.04 
Na20 0.54 0.37 0.68 0.51 0.39 0.52 0.00 0.53 0.20 0.56 0.50 0.61 
K20 10.27 10.50 10.40 10.53 10.66 10.22 10.47 10.27 10.76 10.45 10.37 10.44 
8eO 0.02 0.00 0.06 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 
P205 0.00 0.00 0.00 0.00 0.00 0.06 0.04 0.00 0.01 0.00 0.01 0.00 
Total 92.48 93.40 92.66 93.90 95.19 93.58 93.62 94.07 94.39 93.88 93.52 93.52 

Si 6.31 6.33 6.29 6.34 6.36 6.26 6.29 6.24 6.39 6.27 6.29 6.32 
Ti 0.14 0.15 0.11 0.08 0.19 0.09 0.08 0.15 0.20 0.13 0.08 0.09 
AI 4.86 4.83 4.88 4.77 4.68 4.94 4.94 4.95 4.51 4.91 4.83 4.96 
Cr 0.00 0.01 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 
Fe 0.56 0.62 0.62 0.68 0.58 0.65 0.62 0.58 0.64 0.56 0.68 0.52 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Mg 0.25 0.25 0.26 0.37 0.34 0.27 0.26 0.28 0.42 0.31 0.34 0.25 
Ca 0.01 0.00 0.01 0.01 0.01 0.02 0.00 0.02 0.00 0.02 0.01 0.01 
Na 0.15 0.10 0.19 0.14 0.11 0.14 0.11 0.14 0.06 0.15 0.13 0.17 
K 1.84 1.87 1.88 1.88 1.86 1.82 1.86 1.82 1.90 1.85 1.85 1.85 
sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 

Sample G2 G2 G2 G2 G2 G2 G3 G3 G3 G3 
Location Core/9 Corell 0 Core/1 Rlm/1 Core/2 Rlm/2 Core/1 Rlm/1 . Core/2 Rlm/2 

Si02 45.70 46.10 45.94 45.65 45.30 45.47 46.77 50.50 46.42 46.01 
Ti02 0.81 0.24 0.28 0.69 0.89 1.21 1.31 0.43 0.86 0.70 
Ai203 30.59 29.75 27.85 26.00 30.99 29.91 27.63 25.38 28.30 28.11 
Cr203 0.01 0.00 0.10 0.00 0.00 0.00 0.00 0.03 0.03 0.00 
FeD 4.68 4.83 6.09 6.68 4.05 4.61 5.87 6.55 5.46 5.30 
MnO 0.06 0.00 0.00 0.10 0.00' 0.00 0.00 0.00 0.00 0.04 
MgO 1.44 1.68 1.89 2.38 0.97 0.97 1.85 2.27 1.90 1.69 
CeO 0.09 0.09 0.00 0.04 0;00 0.00 0.00 0.08 0.00 0.00 
Na20 0.64 0.44 0.32 0.30 0.82 0.39 0.27 0.32 0.21 0.28 
K20 10.26 10.83 10.62 10.82 10.21 10.26 10.89 . 9.25 10.79 10.95 
8eO 0.00 0.16 0.08 0.00 0.20 0.00 0.26 0.21 0.27 0.17 
P205 0.00 0.00 0.14 0.03 0.08 0.12 0.07 0.05 0.08 0.14 
Total 94.28 94.12 93.27 92.66 93.40 92.82 94.91 95.07 94.31 93.39 

Si 6.29 6.38 6.44 6.49 6.27 6.34 6.46 6.87 6.43 6.44 
Ti 0.08 0.03 0.03 0.07 0.09 0.13 0.14 0.04 0.09 0.07 
AI 4.97 4.85 4.60 4.36 5.05 4.91 4.50 4.07 4.62 4.64 
Cr 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.54 0.56 0.71 0.79 0.47 0.54 0.68 0.74 0.63 0.62 
Mn 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 
Mg 0.30 0.35 0.40 0.50 0.20 0.20 0.38 0.46 0.39 0.35 
Ca 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 
Na 0.17 0.12 0.09 0.08 0.22 0.11 0.07 0.09 0.06 0.08 
K 1.80 1.91 1.90 1.96 1.80 1.82 1.92 1.61 1.91 1.95 
sa 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.02 0.01 
P 0.00 0.00 0.02 0.00 0.01 0.01 0.01 0.01 0.01 0.02 



APPENDIX 4.5 : CONTINUED 
MUSCOVITE TRAWENAGH BAY 

Sample TRA4 TRA4 TRA4 TRA4 TRA4 TRA4 TRA4 TRA4 TRA4 TRM TRA4 TRA4 
Location Core/1 Core/2 Core/3 Core/4 Core/5 Rlm/5 Core/6 Rlm/6 Core/7 Rim/7 Rlm/8 Core/9 

Si02 45.28 45.34 45.58 45.38 45.32 45.48 45.56 45.70 44.98 44.98 44.84 45.63 
Ti02 0.73 0.72 0.79 0.77 0.77 0.92 0.80 0.70 0.72 0.79 0.91 0.91 
AI203 29.64 29.58 29.51 30.12 30.39 29.84 29.70 29.57 31.19 31.25 30.83 10.35 
Cr203 0.10 0.00 0.01 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 
FeD 5.10 5.30 5.69 5.32 4.91 5.19 5.84 6.17 4.47 4.81 4.44 5.12 
MnO 0.00 0.01 0.04 0.02 0.01 0.04 0.05 0.06 0.16 0.00 0.19 0.09 
MgO 1.45 1.30 1.40 1.18 1.44 1.17 1.19 1.19 1.00 1.18 0.87 1.35 
CaD 0.05 0.04 0.06 0.06 0.10 0.04 0.10 0.23 0.06 0.10 0.04 0.05 
Na20 0.42 0.46 0.41 0.37 0.47 0.35 0.27 0.39 0.52 0.46 0.47 0.46 
K20 10.42 10.39 10.65 10.42 10.13 10.05 10.67 9.98 10.54 10.60 10.46 10.44 
BaD 0.10 0.00 0.21 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 
P205 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 
Total 93.28 93.15 94.40 93.64 93.54 93.01 94.24 94.10 93.65 94.13 93.10 94.41 

SI 6.33 6.34 6.32 6.31 6.29 6.36 6.34 6.32 6.24 6.22 6.25 6.30 
TI 0.08 0.08 0.08 0.08 0.08 0.10 0.08 0.07 0.08 0.08 0.10 0.10 
AI 4.88 4.87 4.82 4.94 4.97 4.72 4.87 4.82 5.10 5.09 5.07 4.94 
Cr 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
Fe 0.60 0.62 0.66 0.62 0.57 0.61 0.68 0.71 0.52 0.56 0.52 0.59 
Mn 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.02 0.00 0.02 0.01 
Mg 0.30 0.27 0.29 0.25 0.30 0.24 0.25 0.24 0.21 0.24 0.18 0.28 
ca 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.04 0.01 0.02 0.01 0.01 
Na 0.11 0.13 0.11 0.10 0.13 0.10 0.07 0.11 0.14 0.12 0.13 0.12 
K 1.86 1.85 1.89 1.85 1.79 1.79 1.89 1.76 1.87 1.87 1.86 1.84 
Sa 0.01 0.19 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Total 14.17 14.38 14.20 14.15 14.14 13.92 14.21 14.11 14.18 14.19 14.13 14.18 

Sample TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA2 TRA3 TRA3 TRA3 
Location Corella Core/11 Core/12 Rlm/12 Core/13 Core/14 Rim/14 Core/15 Rim/15 Corell Rlm/1 Core/2 

5i02 45.78 45.60 45.82 45.81 46.89 44.36 45.00 45.68 48.09 45.50 45.93 45.38 
Ti02 0.88 0.83 0.82 1.02 0.55 1.32 0.59 1.29 1.30 0.21 0.64 0.28 
AI203 29.83 30.26 28.84 28.85 29.68 28.26 28.37 28.87 28.29 31.93 31.75 33.12 
Cr203 0.00 0.11 0.05 0.00 0.02 0.04 0.02 0.00 0.07 0.04 0.00 0.00 
FeD 5.24 5.14 6.40 6.47 5.90 5.23 5.41 5.53 5.88 4.62 4.39 3.68 
MnO 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 1.39 1.23 1.65 1.97 1.69 1.43 1.53 1.55 1.72 0.48 0.52 0.49 
CaD 0.05 0.07 0.09 0.03 0.01 0.14 0.10 0.03 0.11 0.00 0.00 0.00 
Na20 0.38 0.35 0.26 0.45 0.35 0.44 0.35 0.43 0.35 0.37 0.52 0.74 
K20 10.62 10.68 10.41 10.B9 11.04 10.36 10.56 10.84 10.82 10.89 ' 10.39 10.48 
8aO 0.00 0.01 0.05 0.00 0.10 0.00 0.00 0.00 0.00 0.25 0.13 0.18 
P205 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.08 0.13 
Total 94.17 94.30 94.38 95.51 96.10 91.60 91.93 94.22 94.63 94.21 94.19 94.29 

51 6.35 6.30 6.37 6.32 6.38 6.33 6.40 6.35 6.39 6.26 6.29 6.20 
TI 0.91 0.09 0.09 0.11 0.06 0.14 0.06 0.14 0.14 0.02 0.07 0.03 
AI 4.87 4.93 4.72 4.69 4.76 4.76 4.75 4.73 4.62 5.HI 5.13 5.33 
Cr 0.00 0.01 0.01 0.00 0.02 0.01 0.00 0.00 0.01 0.00 0.00 0.00 
Fe 0.61 0.59 0.74 0.75 0.67 0.63 0.64 0.64 0.68 0.53 0.50 0.42 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.29 0.25 0.34 0.40 0.34 0.31 0.33 0.32 0.36 0.09 0.11 0.10 
ca 0.01 0.00 0.01 0.01 0.00 0.02 0.02 0.01 0.02 0.00 0.00 0.00 
Na 0.10 0.10 0.01 0.12 0.09 0.12 0.10 0.12 0.09 0.34 0.14 0.20 
K 1.88 1.88 1.84 1.92 1.92 1.89 1.92 1.92 1.91 1.91 1.82 1.83 
Sa 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 



APPENDIX 4 : CONTINUED 
MUSCOVITE MUSCOVITE 
TRAWENAGHBAY MAIN DONEGAL 
Sample. TRA3 TRA3 TRA3 TRAS TRA5 DON4 DON4 DON4 DON4 DON4 DON4 
Location Rlm/2 Core/3 Rlm/3 Corell Core/2 Corell Rlmll Core/2 Core/3 Core/4 Corel5 

SI02 46.18 45.94 45.83 46.19 46.06 45.85 45.72 45.45 45.51 46.01 46.14 
TI02 0.44 0.37 0.21 0.95 0.25 0.60 0.53 0.67 1.40 1.13 0.81 
AI203 32.33 32.66 32.36 29.17 30.96 29.77 28.70 29.30 30.00 28.17 29.33 
Cr203 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.03 0.05 0.00 0.00 
FeD 4.21 4.10 4.00 5.64 5.07 5.11 5.28 5.85 4.98 5.60 5.54 
MnO 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 0.44 0.56 0.50 1.20 0.87 1.14 1.27 1.26 1.09 1.49 1.19 
cae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.04 
Na20 0.51 0.54 0.56 0.38 0.44 0.32 0.25 0.22 0.49 0.42 0.31 
K20 10.50 10.72 10.82 10.95 11.05 10.62 10.98 10.74 10.92 10.79 10.78 
BaO 0.00 0.00 0.03 0.12 0.01 0.13 0.22 0.26 0.13 0.18 0.12 
P205 0.24 0.02 0.00 0.09 0.01 0.02 0.09 0.02 0.00 0.03 0.02 
Total 94.65 94.59 94.29 94.66 94.72 93.45 93.04 93.82 94.56 93.82 94.28 

51 6.28 6.26 6.27 6.39 6.33 6.37 6.42 6.3:4 6.29 6.41 6.39 
TI 0.05 0.04 0.02 0.10 0.03 0.06 0.06 0.07 0.15 0.12 0.08 
AI 5.18 5.24 5.22 4.79 5.01 4.88 4.75 4.82 4.89 4.63 4.79 
Cr 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Fe 0.48 0.47 0.46 0.65 0.58 0.59 0.62 0.68 0.58 0.65 0.64 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.09 0.12 0.10 0.25 0.18 0.24 0.27 0.26 0.22 0.31 0.25 
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Na 0.14 0.14 0.15 0.10 0.12 0.86 0.07 0.06 0.13 0.11 0.08 
K 1.82 1.86 1.89 1.93 1.94 1.88 1.97 1.91 1.92 1.92 1.90 
Sa 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 
P 0.03 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Total 14.06 14.13 14.14 14.15 14.17 14.11 14.16 14.16 14.15 14.17 14.13 



APPENDIX 4.6 : DONEGAL GRANITES - APATITES 

Sample FAN270 FAN3 FAN23 FAN23 FAN23 FAN19 ARD4 ARD4 ARD4 AR04 ARD3A ARD3A 
Loaction Core Core Core ' Core Core Core 

Si02 0.44 0.69 0.43 0.37 0.45 0.21 0.13 0.28 0.24 0.31 0.40 0.79 
TI02 0.20 0.07 0.08 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.05 
AI203 0.11 0.00 0.15 0.09 0.06 0.11 0.06 0.10 0.09 0.05 0.10 0.76 
Cr203 0.00 0.00 0.01 0.00 0.04 0.00 0.00 0.09 0.00 0.00 0.00 0.00 
FeO 0.03 0.03 0.00 0.00 0.17 0.13 0.08 0.08 0.00 0.19 0.18 0.10 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 0.14 0.01 0.16 0.02 0.05 0.00 0.07 0.10 0.00 0.00 0.10 0.06 
CaO 55.13 54.67 54.83 54.61 54.70 54.38 55.85 54.77 54.75 55.77 54.11 54.27 
NIO 0.10 n.d n.d n.d n.d n.d n.d 0.27 0.13 0.23 0.20 0.07 
Na20 0.31 0.21 0.20 0.14 0.07 0.20 0.18 0.17 0.15 0.19 0.18 0.00 
K20 0.02 0.12 0.15 0.09 0.09 0.14 0.08 0.01 0.01 0.02 0.00 0.01 
BaO 0.00 0.00 0.00 0.00 0.11 0.20 0.05 0.00 0.12 0.00 0.00 0.17 
P205 43.47 41.93 42.99 43.43 43.12 42.73 43.77 43.45 43.16 43.74 42.94 42.93 
Total 99.54 97.64 98.99 98.83 98.89 98.09 100.19 99.03 98.65 100.31 98.31 99.22 

51 0.08 0.12 0.07 0.06 0.08 0.04 0.02 0.05 0.04 0.05 0.07 0.14 
TI 0.03 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 
AI 0.02 0.00 0.03 0.02 0.07 0.02 0.01 0.02 0.02 0.01 0.02 0.15 
Cr 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Fe 0.00 0.00 0.00 0.00 0.03 0.02 0.01 0.01 0.00 0.03 0.03 0.02 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.04 0.00 0.04 0.01 0.01 0.00 0.02 0.03 0.00 0.00 0.03 0.02 
ca 10.04 10.25 10.09 10.05 10.08 10.13 10.16 10.05 10.12 10.13 10.02 9.95 
NI 0.01 n.d n.d n.d n.d n.d n.d 0.04 0.02 0.03 0.03 0.01 
Na 0.10 0.07 0.07 0.00 0.02 0.07 0.06 0.06 0.05 0.06 0.06 0.00 
K 0.00 0.03 0.03 0.02 0.02 0.03 0.02 0.00 0.01 0.00 0.00 0.00 
Sa 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 
P 6.26 6.21 6.25 6.31 6.28 6.29 6.29 6.30 6.30 6.28 6.28 6.22 

Sample ARD3A ROS21 R0S21 ROS21 ROSS ROSS ROSS TRA5 TRA5 DON4 DON4 
Location Core Rim Core RIm Core RIm 

5102 0.57 0.19 0.16 0.16 0.19 0.29 0.11 0.00 0.07 0.21 0.15 
TI02 0.00 0.05 0.00 0.05 0.00 0.02 0.00 0.02 0.04 0.00 0.00 
AI203 0.11 0.05 0.08 0.17 0.06 0.11 0.04 0.03 0.11 0.06 0.00 
Cr203 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
FeO 0.23 0.27 0.20 0.33 0.12 0.59 0.25 0.12 0.18 0.12 0.15 
MnO 0.00 0.00 0.00 0.00 0.70 0.60 0.66 0.00 0.22 0.00 0.13 
MgO 0.11 0.01 0.07 0.14 0.07 0.02 0.08 0.04 0.11 0.00 0.02 
CaO 54.92 55.29 55.42 55.04 53.28 52.74 53.23 55.48 54.66 54.48 54.45 
NlO 0.14 n.d n.d n.d 0.21 0.03 0.00 n.d n.d n.d , n.d 
Na20 0.20 0.22 0.28 0.15 0.14 0.20 0.22 0.18 0.32 0.28 0.21 
K20 0.01 0.05 0.10 0.06 0.03 0.04 0.00 0.04 0.17 0.02 0.09 
BaO 0.00 0.00 0.22 0.00 0.22 0.00 0.17 0.00 0.00 0.00 0.00 
P205 43.15 43.82 43.48 43.73 42.92 42.25 43.04 44.27 44.29 43.74 43.91 
Total 99.44 99.93 99.81 99.91 97.94 96.89 97.80 100.14 100.15 98.88 99.11 

Si 0.01 0.03 0.03 0.03 0.03 0.05 0.02 0.00 0.01 0.04 0.03 
TI 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
AI 0.02 0.01 0.02 0.03 0.01 0.02 0.01 0.01 0.02 0.01 0.00 
Cr 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe 0.03 0.04 0.03 0.05 0.02 0.09 0.04 0.02 0.03 0.02 0.02 
Mn 0.00 0.00 0.00 0.00 0.10 0.09 0.10 0.00 0.03 0.00 0.02 
Mg 0.03 0.00 0.02 0.04 0.02 0.00 0.02 0.01 0.03 0.00 0.01 
ca 10.08 10.06 10.14 10.03 9.93 9.93 9.93 10.07 9.94 10.01 9.99 
NI 0.02 n.d n.d n.d 0.03 0.00 0.00 n.d n.d n.d n.d 
Na 0.07 0.07 0.09 0.05 0.05 0.07 0.07 0.06 0.10 0.09 0.07 
K 0.00 0.01 0.02 0.02 0.01 0.01 0.00 0.01 0.04 0.01 0.02 
Sa 0.00 0.00 0.01 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.00 
P 6.26" 6.31 6.28 6.29 6.32 6.29 6.34 6.35 6.34 6.35 6.36 



APPENDIX 4.7 
EPIDOTE - DONEGAL GRANITES. 

Sample ARD3A ARD3A ARD3A ARD3A ARD3A TRA2 TRA2 ARD4 ARD4 ARD4 ARD4 ARD4 
Location Smell 

Si02 37.34 37.64 37.49 37.27 37.30 38.25 37.33 39.27 37.36 37.81 37.74 37.72 
Ti02 0.12 0.06 0.27 0.18 0.18 0.08 0.00 0.00 O.DO 0.20 0.20 0.00 
AI203 22.08 22.54 21.70 21.72 21.60 23.16 21.91 21.86 22.84 22.25 21.87 21.87 
Cr203 0.15 0.42 0.06 0.07 0.10 0.15 0.12 0.06 0.11 0.05 0.08 0.17 
FeO 13.22 13.16 13.89 13.77 13.94 12.93 13.08 12.61 12.55 13.73 13.89 14.05 
MnO 0.00 0.01 0.00 0.07 0.11 0.19 0.08 0.04 0.00 0.15 0.20 0.00 
MgO 0.17 0.13 0.31 0.09 0.24 0.12 0.14 0.00 0.13 0.21 0.10 0.15 
CaO 22.76 23.14 23.01 22.76 22.95 23.07 22.78 22.24 23.13 22.95 22.74 22.74 
Na20 0.12 0.11 0.14 0.08 0.21 0.08 0.14 0.08 0.15 0.13 0.23 0.08 
K20 0.00 0.00 0.02 0.00 0.03 0.00 0.00 0.00 0.00 0.03 0.04 0.00 
SaO 0.00 0.06 0.00 0.05 0.00 0.10 0.09 0.15 0.00 0.00 0.00 0.18 
Total 95.97 97.16 96.88 96.06 96.45 98.00 95.65 96.33 96.56 97.50 97.07 96.95 

SI 6.25 6.21 6.24 6.25 6.23 6.24 6.27 6.49 6.23 6.23 6.28 6.29 
Ti 0.02 0.01 0.03 0.02 0.02 0.01 0.00 0.00 0.00 0.03 0.02 0.00 
AI 4.35 4.39 4.26 4.30 4.26 4.45 4.33 4.26 4.49 4.32 4.29 4.30 
Cr 0.02 0.06 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.01 0.02 
Fe 1.85 1.82 1.93 1.93 1.95 1.76 1.85 1.74 1.75 1.89 1.93 1.96 
Mn 0.00 0.00 0.00 0.01 0.02 0.03 0.01 0.01 0.00 0.02 0.03 0.00 
Mg 0.04 0.03 0.08 0.02 0.06 0.03 0.03 0.00 0.03 0.05 0.03 0.04 
Ca 4.08 4.09 4.10 4.09 4.11 4.03 4.10 3.94 4.13 4.05 4.05 4.06 
Na 0.04 0.04 0.05 0.03 0.07 0.03 0.05 0.02 0.05 0.04 0.07 0.02 
K 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 
Sa 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.01 
Total 16.65 16.64 16.69 16.66 16.73 16.59 16.66 16.48 18.69 16.66 16.72 16.71 
%Ps 29.80% 29.90% 31.20% 30.99% 31.40% 28.38% 29.95% 29% 28% 30.46% 31.06% 31.32% 

Sample FAN30 FAN30 FAN30 FAN30 ARD1D ROsal ROS21 ROS21 ROS21 
Location 

Si02 37.33 37.33 37.50 37.77 37.46 37.34 37.94 36.41 37.45 
Ti02 0.84 0.22 0.05 0.51 0.10 0.11 0.29 0.08 0.21 
AI203 17.57 19.63 19.55 19.27 21.48 21.92 22.64 23.41 21.85 
Cr203 0.07 0.14 0.14 0.11 0.11 0.08 0.00 0.08 0.00 
FeO 18.79 17.06 17.14 17.73 14.33 13.00 12.74 11.83 13.49 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.16 0.12 
MgO 0.44 0.17 0.12 0.24 0.00 0.00 0.00 0.00 0.00 
CaO 22.44 20.25 22.22 22.72 22.75 22.62 22.79 23.37 22.81 
Na20 0.26 0.19 0.04 0.18 0.04 0.10 0.08 0.07 0.07 
K20 0.00 0.02 0.00 0.04 0.03 0.02 0.05 0.04 0.00 
SaO 0.00 0.00 0.00 0.00 0.06 0.05 0.01 0.03 0.00 
Total 97.35 95.01 96.32 98.57 96.35 95.24 96.96 97.47 95.99 

SI 6.35 6.39 6.35 6.31 6.27 6.29 6.25 6.27 6.27 
Ti 0.11 0.03 0.01 0.07 0.01 0.Q1 0.04 0.01 0.03 
AI 3.52 3.96 3.90 3.80 4.24 4.35 4.40 4.50 4.31 
Cr 0.01 0.02 0.02 0.02 0.02 0.01 0.00 0.01 0.00 
Fe 2.67 2.44 2.43 2.48 2.01 1.80 1.76 1.61 1.89 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.02 0.02 
Mg 0.11 0.04 0.03 0.06 0.00 0.00 0.00 0.00 0.00 
Ca 4.09 3.38 4.03 4.07 4.08 4.08 4.02 4.09 4.09 
Na 0.09 0.06 0.01 0.06 0.01 0.03 0.02 0.02 0.02 
K 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.00 
Sa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 16.94 16.33 16.78 16.86 16.65 16.58 16.55 16.54 18.62 
%Ps 43.14% 38.16% 38.34% 39.50% 32.13% 29.25% 28.54% 26.39% 30.47% 



APPENDIX 4.8 

OPAQUE MINERAL - DONEGAL GRANITES 

Sample TRA5 FAN7 FAN7 FAN270 FAN270 ROSa FAN23 FAN23 FAN23 
Location Inc hbl inc blo 

5102 0.64 0.41 0.40 0.39 0.31 0.30 0.43 0.48 0.41 
Ti02 0.13 0.11 0.25 0.20 0.32 0.19 0.17 0.34 0.20 
AI203 0.66 0.23 0.26 0.22 0.22 0.10 0.10 0.14 0.35 
Cr203 0.24 0.25 0.16 0.06 0.01 0.11 0.44 0.18 0.06 
FeO 92.25 91.65 92.35 90.33 91.44 92.01 90.83 90.71 91.51 
MgO 0.09 0.11 0.08 0.09 0.00 0.06 0.00 0.05 0.16 
cae 0.03 0.05 0.00 0.08 0.00 0.21 0.03 0.00 0.00 
Na20 0.46 0.52 0.47 0.60 0.53 0.55 0.43 0.09 0.44 
K20 0.00 0.02 0.02 0.00 0.01 0.04 0.02 0.46 0.07 
P205 0.09 0.01 0.00 0.09 0.00 0.03 0.00 0.00 0.01 
Total 94.57 93.44 93.99 92.06 92.85 93.61 92.44 92.47 93.21 

51 0.26 0.17 0.16 0.17 0.13 0.13 0.18 0.20 0.17 
TI 0.04 0.04 0.22 0.07 0.10 0.06 0.05 0.11 0.06 
AI 0.31 0.11 0.12 0.11 0.11 0.05 0.05 0.07 0.17 
Cr 0.75 0.08 0.05 0.02 0.00 0.04 0.15 0.06 0.02 
HI 30.90 31.41 31.43 32.10 32.44 32.13 31.63 31.51 31.50 
Mg 0.05 0.07 0.05 0.06 0.00 0.04 0.00 0.03 0.10 
ca 0.02 0.05 0.00 0.04 0.00 0.09 0.01 0.00 0.00 
Na 0.35 0.41 0.37 0.49 0.43 0.45 0.35 0.37 0.35 
K 0.00 0.01 0.01 0.00 0.01 0.02 0.01 0.05 0.04 
P 0.03 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.00 

APPENDIX 4.9 

GARNET-TRAWENAGHBAY 

Sample TRA3 TRA3 TRA3 TRA3 TRA3 TRA3 TRA3 TRA3 
Location Corell Rlm/l Core/2 Rlm/2 Core/3 Rlm/3 Core/4 Rlm/4 

5102 36.66 36.56 36.50 36.46 36.37 36.60 36.08 36.78 
TI02 0.11 0.05 0.00 0.11 0.00 0.11 0.00 0.00 
AI203 20.37 20.21 20.13 19.96 20.23 20.17 19.95 20.12 
Cr203 0.00 0.04 0.02 0.00 0.01 0.00 0.00 0.00 
FeO 23.20 22.82 23.28 21.33 23.14 22.40 23.77 23.18 
MnO 20.36 19.70 20.56 20.74 19.79 20.24 20.05 20.27 
MgO 0.61 0.77 0.49 0.54 0.71 0.80 0.48 0.55 
cae 0.36 0.43 0.51 0.59 0.47 0.43 0.51 0.03 
Na20 0.33 0.31 0.12 0.19 0.20 0.15 0.19 0.04 
K20 0.02 0.04 0.00 0.00 0.00 0.00 0.06 0.00 
BaO 0.08 0.04 0.00 0.04 0.00 0.00 0.23 0.00 
P205 0.12 0.15 0.07 0.19 0.31 0.11 0.09 0.01 
Total 102.21 101.11 101.61 100.09 101.53 100.88 101.31 101.68 

51 2.97 2.99 2.98 3.00 2.98 2.99 2.97 2.99 
T1 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
AI 1.95 1.95 1.94 1.94 1.94 1.94 1.93 1.93 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
HI 1.57 1.56 1.59 1.47 1.57 1.53 1.64 1.58 
Mn 1.39 1.36 1.42 1.45 1.86 1.40 1.40 1.40 
Mg 0.74 0.09 0.06 0.07 0.09 0.10 0.06 0.07 
Ca 0.03 0.04 0.05 0.05 0.04 0.04 0.05 0.03 
Na 0.52 0.31 0.02 0.03 0.03 0.03 0.03 0.04 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Ba 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 
P 0.01 0.01 0.01 0.01 0.02 0.04 0.01 0.01 



APPENDIX 5 

WHOLE ROCK MAJOR AND TRACE ELEMENT ANALYSES 

5.1 Thorr pluton. 

5.2 Rosses pluton. 

5.3 Ardara pluton. 

5.4 Fanad pluton. 

5.5 Main Donegal pluton. 

5.6 Trawenagh Bay pluton. 
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APPENDIX 5.1 

THORR PLUTON 

Major element (wt%) 

Sample TH1 TH9 TH5 TH6 TH4 TH7 TH8 TH2 TH3 
Units Hbl-free Hbl-free Contact Hbl-bear Hbl-bear Hbl-bear Hbl-bear Hbl-bear Hbl-bear 

Si02 76.39 71.75 64.28 63.39 62.73 64.45 64.09 65.24 59.33 
Ti02 0.18 0.27 0.63 0.72 0.74 0.70 0.56 0.64 0.73 
AI203 12.12 14.62 16.97 16.78 16.84 16.66 16.28 15.94 19.11 
Fe203 0.38 0.86 0.67 1.31 1.79 1.62 1.46 1.21 1.06 
FeO 0.49 0.68 2.60 2.84 2.39 2.10 2.18 2.10 3.48 
Fetol 0.88 1.70 3.56 4.47 4.44 3.95 3.88 3.54 4.93 
MnO 0.01 0.03 0.04 0.05 0.05 0.06 0.06 0.05 0.06 
MgO 0.42 1.28 2.15 2.50 2.58 2.30 3.20 2.04 2.88 
CaO 0.66 1.25 2.61 2.98 3.40 2.72 3.02 2.82 3.73 
Na20 3.78 4.57 4.38 4.06 4.17 4.01 4.63 4.10 4.18 
K20 4.73 4.18 3.86 4.08 3.90 4.68 4.22 4.08 3.70 
P205 0.01 0.08 0.28 0.19 0.16 0.21 0.21 0.20 0.37 
LOI 0.24 0.49 0.51 0.61 0.69 0.57 0.52 0.57 0.62 
Total 99.42 100.22 99.27 99.83 99.70 100.30 100.67 99.23 99.64 

Trace element (ppm) 

Sa 650 894 1467 1930 1852 1462 1948 1304 1358 
Ce b.d.1. b.d.!. 47 52 61 66 90 60 97 
La 20 25 32 39 50 53 59 45 77 
Nb n.d. n.d. n.d. 11 9 n.d. 9 n.d. n.d. 
Nd b.d.1. b.d.1. 32 23 24 33 54 32 43 
Pb 18 28 13 21 19 18 22 20 21 
Rb 111 154 183 78 91 100 94 82 145 
Sc b.d.1. 3 11 3 4 6 6 5 7 
Sr 84 399 667 808 787 642 1235 613 637 
Th 14 15 5 10 4 10 11 7 8 
V 8 21 55 65 64 59 68 63 85 
Y 7 12 37 13 9 17 20 15 24 
Zn 21 41 80 70 64 62 60 59 89 
Zr 85 101 221 304 310 289 232 259 196 

Norm 

au 34.37 23.38 11.89 16.00 11.86 11.06 9.78 13.46 3.80 
Cor 0.00 0.50 1.51 0.72 0.00 0.55 0.00 0.13 2.33 
Or 27.95 24.70 22.81 24.11 23.05 27.66 24.94 24.11 21.87 
Ab 31.99 38.67 37.06 34.36 35.29 33.93 39.18 34.69 35.37 
An 2.13 5.68 11.12 13.54 15.71 12.12 11.18 12.68 16.09 
Oi 0.86 4.48 9.10 11.01 0.09 9.71 1.95 10.24 13.17 
Hy 0.96 1.52 4.69 4.49 8.64 2.97 9.46 2.45 5.86 
Mt 0.55 1.25 0.97 1.90 2.60 2.35 2.12 1.75 1.54 
1m 0.34 0.51 1.20 1.37 . 1.41 1.33 1.06 1.22 1.39 
Ap 0.02 0.19 0.66 0.45 0.38 0.50 0.50 0.47 0.88 



APPENDIX 5.2 

ROSSES PLUTON 

Major element (wt%) 

Sample ROS3 ROS29 ROS28 AOS2 ROS4 ROS11 ROS12 ROS4AP ROSS AOS6 ROS7 ROS14 
Unit Porp Porp Porp G1 G1 G1 Gl G1 G2 G2 G2 G2 

Si02 71.63 70.39 70.23 72.65 72.55 70.05 71.68 72.98 72.39 74.02 73.30 74.18 
AI203 14.74 14.29 15.22 14.39 14.15 14.65 14.53 13.83 13.66 13.25 14.24 13.37 
Ti02 0.20 0.27 0.29 0.13 0.18 0.31 0,21 0.20 0.25 0.16 0.19 0.16 
FeO 0.81 1.13 1.07 0.59 0.64 1.41 0.98 0.78 1.17 0.71 0.75 0.63 
Fe203 0.64 0.76 1.05 0.36 0.56 0.74 0.52 0.61 0.67 0.53 0.59 0.58 
Fetot 1.54 2.02 2.24 1.02 1.27 2.31 1.59 1.48 1.97 1.32 1.42 1.28 
MnO 0.02 0.03 0.04 0.03 0.03 0.04 0.03 0.03 0.04 0.03 0.02 0.04 
MgO 0.79 0.96 1.18 0.55 0.86 1.31 1.10 0.78 1.06 0.72 0.90 0.75 
cao 1.69 2.53 2.21 1.20 0.72 1.93 1.05 0.85 0.89 0.91 0.97 1.00 
Na20 4.46 4.66 4.71 4.57 4.72 4.03 4.22 4.15 4.48 4.41 4.77 4.48 
K20 4.16 2.91 3.30 4.42 4.66 4.02 4.28 4.86 4.50 4.72 4.52 4.23 
P205 0.04 0.05 0.07 0.05 0.03 0.10 0.05 0.04 0.04 0.05 0.06 0.05 
LOI 0.37 0.30 0.65 0.29 0.71 0.44 0.74 0.50 0.64 0.32 0.62 0.49 
Total - 99.64 99.59 100.14 99.30 99.87 99.20 99.46 99.69 100.70 99.45 101.02 100.14 

Trace element (ppm) 

Sa 967 734 887 775 644 1167 849 476 311 298 637 285 
Ce 30 45 32 24 25 41 26 23 20 30 33 23 
La 31 28 35 14 17 35 21 19 17 17 17 13 
Nb 9 n.d. 7 10 n.d. n.d. n.d. 14 n.d. n.d. n.d. n.d. 
Nd 16 27 16 11 12 23 16 10 17 19 16 10 
Ni b.d.l. 117 b.d.1. b.d.l. b.d.l. 178 40 b.d.1. b.d.1. b.d.!. b.d.! 119 
Pb 24 17 21 31 20 24 30 30 30 24 23 33 
Rb 139 106 92 182 170 150 153 171 200 199 134 209 
Sc 2 3 1 b.d.1. 1 4 3 1 4 1 2 2 
Sr 361 335 348 260 280 432 375 190 151 141 264 131 
Th 12 7 13 9 11 11 11 15 15 7 8 16 
V 15 24 25 7 12 29 20 15 19 11 16 11 
Y 10 21 10 9 11 10 12 10 21 21 11 25 
Zn 40 49 51 34 35 59 45 29 61 40 40 41 
Zr 110 157 142 74 99 157 104 104 103 75 97 68 

Norm 

au 24.78 26.03 21.22 24.34 23.52 25.88 27.18 27.58 25.95 27.43 . 24.73 28.98 
Cor 0.00 0.00 0.05 0.03 0.10 0.84 1.49 0.61 0.26 0.00 0.00 0.00 
Or 24.58 17.20 19 .. 50 26.12 27.54 23.76 25.29 28.72 26.59 27.89 28.71 25.00 
Ab 37.74 39.43 39.88 38.87 39.94 34.10 35.70 35.11 37.90 37.32 40.36 37.90 
An 7.83 9.48 10.51 5.63 3.38 7.72 3.99 3.10 3.16 2.42 4.10 3.88 
Di 0.23 1.28 8.06 4.38 2.70 3.09 2.05 1.45 1.60 1.43 0,26 0.06 
Hy 2.69 1.80 0.00 0.00 1.46 3.26 2.74 1.94 2.64 1.91 2.88 1.84 
Mt 0.93 1.30 1.52 0.52 0.S1 1 .. 40 0.80 0.75 1.30 0.77 0.86 0.70 
1m 0.38 0.70 0.55 0.25 0.34 0.60 0.40 0.43 0.50 0.30 0.36 0.46 
Ap 0.09 0.12 0.17 0.12 0.07 0.23 0.12 0.09 0,09 0.12 0.14 0.12 



APPENDIX 5.2 

ROSSES PLUTON 

Major element (wt%) 

Sample ROS15 ROS16 ROSH ROS19 ROS9 ROS13 ROS18 ROS20 AOS21 ROS26 ROSS R0524 
Unit G2 G2 G2 G2 G3 G3 G3 G3 G3 G3 G3 G3 

Si02 75.26 72.44 73.57 74.13 72.07 73.06 72.83 73.34 73.11 71.75 73.44 75.46 
AI203 13.54 14.30 13.7 13.55 14.33 14.31 14.21 13.73 14.21 14.37 13.96 13.57 
TlO2 0.07 0.30 0.16 0.15 0.18 0.17 0.17 0.17 0.17 0.21 0.17 0.08 
FeD 0.16 1.18 0.62 0.49 0.43 0.59 0.45 0.62 0.64 0.86 0.6 0.13 
Fe203 0.24 0.94 0.62 0.65 0.68 0.67 0.88 0.6 0.64 0.62 0.45 0.69 
Fetot 0.42 2.25 1.31 1.19 1.16 1.33 1.38 1.29 1.35 1.52 1.12 0.83 
MnO 0.01 0.07 0.04 0.04 0.02 0.03 0.02 0.03 0.03 0.04 0.03 0.01 
MgO 0.34 1.13 0.67 0.7 0.62 0.7 1 0.88 0.79 1.03 0.71 0.37 
CaD 0.66 0.71 0.88 0.64 1.2 1.05 0.97 1.06 1.03 0.99 0.76 0.34 
Na20 4.24 5.10 4.71 4.49 4.84 4.36 3.98 4.29 4.36 3.88 4.64 3.65 
K20 4.69 3.82 4.26 4.51 4.01 4.51 4.55 4.05 4.22 4.68 4.3 4.25 
P205 0.02 0.03 0.01 0.02 0.07 0.03 0.06 0.05 0.04 0.07 0.04 0.01 
LOI 0.33 0.55 0.48 0.59 0.65 0.6 0.63 0.64 0.71 0.76 0.61 0.9 
Total 99.57 100.76 99.84 99.75 99.14 99.22 99.79 99.53 100 98.95 99.71 99.47 

Trace element (ppm) 

Sa 265 236 281 300 453 979 953 834 961 692 419 5 
Ca 5 27 23 20 31 25 27 34 33 42 20 13 
La 10 22 17 14 14 23 20 19 21 25 13 4 
Nb n.d. 37 19 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
Nd 8 11 16 11 19 8 12 18 15 18 12 12 
NI b.d.1. b.d.!. b.d.! b.d.l. 157 85 71 84 b.d.1. 258 134 246 
Pb 30 27 21 21 27 27 19 25 24 23 19 
Rb 224 262 201 212 205 115 124 129 118 237 237 296 
Sc 1 6 1 3 2 1 3 3 2 3 4 2 
Sr 114 103 144 132 163 326 335 297 327 266 180 57 
Th 10 20 8 9 12 8 10 7 11 12 11 3 
V 3 22 12 10 10 13 14 b.d.!. 14 13 12 12 
Y 19 31 26 21 21 11 12 12 20 12 16 35 
Zn 12 74 41 36 33 42 15 37 33 63 37 38 
Zr 43 98 71 71 69 84 89 92 94 116 79 55 

Norm 

Qu 30.89 25.13 26.86 27.61 24.05 27.39 29.04 29.61 28.49 28.45 26.37 36.36 
Cor 0.51 0.83 0.00 0.17 0.01 0.70 1.41 0.76 0.97 1.29 0.39 2.37 
Or 27.72 22.58 25.18 26.65 23.70 26.65 26.89 23.93 24.94 27.66 25.41 25.12 
Ab 35.87 43.15 40.38 37.99 40.96 36.89 33.67 36.30 38.89 32.83 39.26 30.89 
An 2.66 2.58 3.39 3.04 5.50 4.26 3.63 4.18 4.10 4.45 3.51 1.82 
Di 1.97 1.67 0.18 2.41 3.44 1.40 1.03 1.90 2.00 3.57 2.82 1.26 
Hy 0.85 2.81 1.59 0.89 0.00 1.74 2.49 2.19 1.97 1.72 1.05 0.34 
Mt 0.30 1.70 0.80 0.94 0.99 0.75 0.76 0.90 0.97 0.90 0.85 0.25 
1m 0.12 0.53 0.54 0.28 0.34 0.65 0.65 0.30 0.40 0.40 0.32 0.15 
Ap 0.05 0.07 0.02 0.05 0.17 0.07 0.14 0.12 0.09 0.17 0.09 0.02 



APPENDIX 5.2 - CONTINUED 

ROSSES PLUTON 

Major element (wt%) 

Sample ROSBAP ROS10A ROS1OB ROS31 
Unit G3 G4 G4 r..G 

Si02 75.57 74.93 75.50 69.92 
AI203 13.59 13.39 13.51 15.36 
Ti02 0.06 0.12 0.09 0.27 
FeO 0.10 0.28 0.31 1.16 
Fe203 0.30 0.65 0.18 0.86 
Fetot 0.40 0.93 0.49 2.02 
MnO 0.01 0.01 0.01 0.02 
MgO 0.30 0.50 0.44 1.38 
CaO 0.34 0.48 0.38 1.88 
Na20 4.82 3.70 4.23 4.56 
K20 4.57 4.61 4.52 4.23 
P205 0.02 0.04 0.00 0.05 
LOI 0.56 0.90 0.69 0.50 
Total 100.24 100.15 99.88 100.18 

Trace element (ppm) 

Sa b.d.1 93 91 1443 
Ce 1 4 17 27 
La 2 8 12 20 
Nb 33 29 16 7 
Nd b.d.1. 2 12 7 
Ni b.d.1 b.d.1 b.d.1. b.d.1. 
Pb 20 b.d.!. 24 27 
Ab 292 288 267 106 
Sc 1 3 b.d.1. 1 
Sr 32 66 62 519 
Th 2 b.d.!. 10 16 
V 9 16 12 26 
Y 11 15 15 7 
Zn 6 14 7 44 
Zr 19 45 41 112 

Norm 

au 27.90 33.64 32.25 20.81 
Cor 0.14 1.54 1.17 0.00 
Or 27.01 27.24 26.71 25.00 
Ab 40.79 31.31 35.79 38.59 
An 1.56 2.12 1.33 8.95 
DI 1.32 1.65 2.08 0.04 
Hy 1.59 0.48 1.10 4.43 
Mt 0.43 0.59 0.30 1.25 
1m 0.11 0.23 0.12 0.51 
Ap 0.05 0.09 0.00 0.12 



APPENDIX 5.3 

ARDARA PLUTON. 

Major element (wt%) 

Sample ARD1 ARD1F ARD1A1 ARD1B ARD1C ARD1D ARD1E ARD3A ARD4 ARD2 ARD5 ARD6 
Unit Outer Outer Outer Outer Outer Outer Outer _ Outer Int'mde Int'mde Inner Inner 

Si02 62.01 61.85 63.22 62.36 61.18 62.57 61.68 63.83 69.47 69.18 69.65 70.69 
AI203 17.42 16.96 16.65 16.51 16.23 17.28 16.36 16.20 15.73 15.34 15.20 15.22 
Ti02 0.85 0.85 0.84 0.82 0.66 0.90 0.75 0.76 0.33 0.32 0.27 0.25 
FeD 2.60 2.79 2.65 3.11 2.97 2.75 2.89 2.39 1.16 1.24 1.10 1.06 
Fe203 1.68 1.34 1.48 1.50 1.BB 1.94 1.55 1.58 1.09 0.69 0.69 0.54 
Fetol 4.57 4.55 4.35 4.71 4.88 4.84 4.76 4.24 2.38 2.07 1.91 1.72 
MnO 0.05 0.05 0.05 0.06 0.08 0.06 0.06 0.05 0.05 0.04 0.04 0.06 
MgO 2.00 2.13 2.76 2.76 4.40 3.28 3.57 2.35 2.11 2.17 1.54 2.50 
cae 3.41 3.74 2.97 3.53 3.41 4.06 3.67 3.15 1.87 1.52 1.95 1.46 
Na20 4.51 4.52 4.10 4.43 4.85 4.52 5.14 4.75 5.96 5.48 5.51 3.54 
1<20 4.31 3.97 4.15 3.81 3.20 3.47 2.59 3.99 2.83 3.53 2.96 3.31 
P205 0.19 0.27 0.17 0.17 0.16 0.20 0.19 0.15 0.05 0.11 0.03 0.03 
LOI 0.45 0.26 0.58 0.49 0.65 0.39 0.72 0.51 0.77 0.66 0.49 0.49 
Total 99.12 99.16 100.11 100.79 99.70 99.12 100.80 100.28 101.56 100.41 99.27 99.30 

Trace element (ppm) 

Sa 819 723 666 713 697 737 470 679 640 650 488 532 
Ce 91 117 73 60 42 61 44 86 23 26 25 22 
La 44 63 50 40 36 41 33 40 24 24 19 21 
Nb 20 n.d n.d n.d n.d n.d n.d 17 n.d n.d n.d 5 
Nd 46 59 44 29 18 31 23 39 14 11 9 11 
Ni b.d.! b.d.1 61 66 7 87 43 b.d.! 167 151 b.d.1 b.d.! 
Pb 43 40 34 30 23 26 26 41 22 25 30 35 
Rb 193 184 202 159 137 145 106 186 88 102 87 91 
Sc 8 7 8 7 10 8 9 5 3 2 4 3 
Sr 473 461 482 525 596 571 690 463 600 513 574 495 
Th 29 29 29 23 13 13 10 24 8 12 6 6 
V 95 106 105 102 109 111 106 93 41 35 33 29 
Y 32 23 24 23 15 17 13 24 9 9 9 7 
Zn 71 62 69 73 71 77 69 87 61 45 43 38 
Zr 442 337 283 238 201 232 167 292 100 105 91 94 

Norm 

au 8.58 8.90 9.29 9.79 6.53 7.38 8.29 10.76 16.74 14.45 19.61 28.49 
Cor 0.00 0.00 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.25 
Or 25.47 23.46 24.53 22.52 1B.91 20.51 15.31 23.58 16.72 20.86 17.49 19.56 
An 14.56 14.26 13.62 13.91 13.06 16.61 13.92 11.10 7.B1 6.B2 B.OO 7.05 
Ab 38.16 38.25 34.69 37.49 41.04 38.25 43.50 40.19 50.43 46.37 46.63 29.96 
OJ 0.91 2.06 10.97 2.02 2.24 1.78 2.45 2.86 0.90 5.45 1.18 5.60 
Hy 7.15 7.77 4.35 9.31 12.92 9.67 11.20 6.B9 5.84 4.32 4.57 4.98 
Mt 2.44 1.94 2.15 2.17 2.73 2.81 2.25 2.29 1.58 1.00 1.00 0.78 
11m 1.61 1.61 1.60 1.56 1.25 1.71 1.42 1.44 0.63 0.61 0.51 0.47 
Ap 0.45 0.64 0.40 0.40 0.38 0.47 0.45 0.36 0.12 0.26 0.07 0.07 



APPENDIX 5.3 - CONTINUED 

ARDARA PLUTON. 

Major element (wt%) 

Sample AR07 AR03B ARD10 ARD11 ARD12 ARD13 
Unit Inner Inner Inner Inner Inner Inner 

Si02 69.66 71.24 69.19 72.18 69.42 69.30 
AI203 15.63 15.44 15.20 14.79 15.54 15.38 
Ti02 0.27 0.18 0.29 0.13 0.29 0.30 
FeO 1.03 0.59 0.80 0.37 1.32 1.19 
Fe203 0.52 0.38 1.14 0.49 0.65 0.71 
Fetot 1.66 1.04 2.03 0.90 2.12 2.03 
MnO 0.02 0.01 0.04 0.01 0.03 0.04 
MgO 1.64 0.69 2.11 0.86 1.74 1.73 
Q() 1.32 1.45 1.43 1.20 1.79 2.15 
Na20 5.69 6.07 5.49 5.61 6.24 5.85 
K20 3.41 2.70 3.24 3.45 2.92 2.91 
P205 0.03 0.02 0.04 0.03 0.05 0.05 
LOI 0.37 0.45 0.58 0.61 0.63 0.47 
Total 99.70 99.29 99.65 99.76 100.78 100.21 

Trace element (ppm) 

Sa 598 584 590 594 560 655 
Ce 27 b.d.! 25 20 27 18 
La 17 12 18 17 14 17 
Nb 4 n.d n.d n.d n.d 7 
Nd 15 5 16 8 11 12 
Ni b.d.1 b.d.! 171 b.d.1 b.d.1 b.d.! 
Pb 27 31 27 30 25 25 
Rb 72 54 91 85 80 75 
Sc 1 3 2 1 1 4 
Sr 518 747 525 440 578 684 
Th 2 7 8 11 4 6 
V 29 16 36 11 34 33 
Y 5 6 11 7 9 9 
Zn 74 31 48 20 45 45 
Zr 98 73 100 71 106 95 

Norm 

au 16.38 21.27 17.15 22.65 15.39 17.14 
Cor 0.25 0.00 0.16 0.00 0.00 0.00 
Or 20.15 15.96 19.15 20.39 17.26 17.20 
An 6.35 6.91 6.83 4.99 5.77 7.11 
Ab 48.15 51.36 46.46 47.47 52.80 49.50 
Di 5.08 0.12 5.35 0.61 2.25 2.58 
Hy 2.91 2.28 3.05 2.06 5.15 4.49 
Mt 0.75 0.55 1.65 0.71 0.94 1.03 
11m 0.51 0.34 0.55 0.25 0.55 0.57 
Ap 0.07 0.05 0.09 0.07 0.12 0.12 



APPENDIX 5.4 

FANAD PLUTON 

Major element (wt%) 

Sample FAN15A FAN17 FAN11 FAN1 FAN12 FAN41 FAN2 FAN7 FAN13 FAN10 
Unit Fanad Pen Fanad Pen Fanad Pen Fanad Pen Fanad Pen Fanad Pen Fanad Pen Fanad Pen Fanad Pen Fanad Pen 

Si02 55.81 61.93 64.37 64.37 64.15 62.82 63.03 62.07 57.30 64.86 
AI203 17.84 17.78 15.46 15.23 15.50 15.99 15.29 15.90 17.49 14.99 
rl02 0.80 0.64 0.54 0.57 0.58 0.64 0.59 0.64 0.98 0.53 
FeO 3.90 2.75 22.10 2.20 2.50 2.06 2.47 2.57 3.62 2.24 
Fe203 1.87 1.17 1.41 1.48 1.42 2.25 1.47 1.58 2.27 1.18 
Fetot 6.13 4.23 3.74 3.92 4.20 4.54 4.21 4.44 6.29 3.67 
MnO 0.07 0.04 0.05 0.05 0.05 0.06 0.05 0.06 0.07 0.04 
MgO 5.24 2.72 3.34 3.49 3.97 3.76 3.56 3.81 3.38 3.35 
CeO 6.78 2.58 3.54 3.70 3.74 3.50 3.81 4.21 4.47 3.36 
Na20 3.64 4.25 4.34 4.09 4.00 3.83 4.27 4.23 3.59 4.25 
K20 2.08 4.27 3.37 3.37 3.01 3.60 3.31 3.46 3.00 3.64 
P205 0.14 0.22 0.13 0.14 0.14 0.24 0.17 0.23 0.45 0.13 
LOI 1.09 0.71 0.52 0.57 1.24 0.76 0.58 0.80 1.74 0.53 
Total 99.81 99.38 99.40 99.51 100.58 99.87 99.47 99.65 99.11 99.36 

Trace element (ppm) 

Sa 1181 4367 1390 1519 1415 1517 1429 1561 2029 1409 
Ce 34 28 53 52 43 58 66 61 68 44 
La 25 36 32 34 31 30 35 46 40 28 
Nb 9 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 7 
Nd 21 15 28 23 27 40 45 38 50 27 
NI b.d.! b.d.\ 72 89 66 58 109 196 b.d.1 5 
Pb 13 9 20 20 23 22 15 16 12 23 
AI> 30 67 70 74 65 74 71 74 59 80 
Sc 22 4 7 7 10 9 7 9 8 7 
Sr 1416 1124 884 899 921 949 966 940 1372 835 
Th 3 b.d.l 10 8 13 8 4 8 8 10 
V 110 68 67 76 76 86 74 77 108 65 
Y 17 17 11 12 3 12 15 18 14 13 
Zn 70 53 52 55 59 28 56 63 77 52 
Zr 111 361 133 135 160 141 146 163 125 148 

Norm 

au 6.16 11.92 14.91 16.04 16.31 14.33 13.64 11.32 9.49 15.43 
Cor 0.00 1.99 0.00 0.00 0.00 0.00 0.00 0.00 0.68 0.00 
Or 12.25 25.22 19.87 19.87 17.76 21.27 19.54 20.43 17.70 21.49 
An 26.21 11.41 12.77 13.27 15.47 15.83 12.80 14.49 19.30 11.10 
Ab 30.79 35.93 36.71 34.66 33.83 32.36 36.G8 35.77 33.41 35.93 
Di 5.30 9.20 3.20 3.40 1.76 12.50 4.02 4.17 14.90 3.80 
Hy 11.60 8.77 7.49 7.66 9.74 9.35 7.70 8.34 8.41 7.25 
Mt 2.71 1.70 2.04 2.15 2.08 3.30 2.13 2.30 4.70 1.71 
11m 1.52 1.20 1.03 1.10 1.10 1.22 1.12 1.22 1.88 1,01 
Ap 0.30 0.50 0.30 0.30 0.30 0.54 0.37 0.54 1,04 0,30 
AJ 0.00 0.80 0,00 0.00 0,00 0.58 0.00 0.00 0.90 0.00 



APPENDIX 5.4 

FANADPLUTON 

. Major element (wt%) 

Sample FAN16A FAN16B FAN13A FAN46 FAN30 FAN46D FAN29 FAN28 FAN23 FAN24 
Unit Fanad Pen Fanad Pen Fanad Pen Rosgulll Rosgulll Rosguill Rosguill Rosguill Rosguill Aosguill 

SI02 58.40 58.86 52.46 58.61 57.82 59.20 64.92 62.91 60.42 63.17 
AI203 19.01 18.90 20.10 . 18.20 18.57 18.27 17.43 17.05 18.13 17.45 
TI02 0.80 Q.79 1.00 0.91 0.92 0.88 0.57 0.69 0.71 0.60 
FeO 3.33 3.67 5.56 3.23 2.92 3.11 1.88 2.05 2.58 2.07 
Fe203 2.22 1.77 1.99 2.02 2.46 1.98 1.93 1.85 1.87 1.72 
Feto! 5.55 5.44 7.55 5.63 5.70 5.44 4.00 4.16 4.74 4.02 
MnO 0.04 0.04 0.06 0.05 0.05 0.04 0.03 0.04 0.04 0.05 
MgO 2.90 2.95 4.36 3.34 3.15 2.94 1.97 2.41 2.55 1.86 
cao 4.22 4.03 6.30 4.75 4.71 4.28 2.97 3.35 3.55 3.13 
Na20 4.55 4.54 3.97 4.37 4.95 5.03 4.47 4.78 4.45 5.06 
K20 3.05 3.05 2.23 2.83 2.46 2.98 3.76 3.25 3.69 3.22 
P205 0.20 0.24 0.28 0.36 0.24 0.22 0.25 0.18 0.20 0.17 
LOI 0.50 0.71 1.24 0.56 1.47 0.54 0.48 0.44 0.57 0.44 
Total 99.22 99.55 99.55 99.61 100.03 99.82 100.85 99.26 99.05 99.17 

Trace element (ppm) 

Sa 3709 3761 1643 2499 2546 2824 3988 2770 3909 2924 
Ce 43 67 46 50 55 68 79 64 79 53 
La 42 51 33 43 50 43 65 54 70 40 
Nb 6 3 6 n.d. n.d. 7 n.d. n.d. n.d. 11 
Nd 20 35 27 35 28 35 34 31 38 27 
Ni b.d.! b.d.1 b.d.1 149 b.d.1. b.d.!. 31 117 53 b.d.!. 
Pb 16 12 17 17 15 13 18 15 . 16 19 
Rb 45 45 58 58 51 58 57 51 56 53 
Sc 5 4 10 8 b.d.!. 8 2 5 4 3 
Sr 1717 1678 1717 1422 1430 1433 1292 1230 1481 1218 
Th 2 4 .2 6 3 1 11 . 5 4 6 
V 62 68 102 89 95 89 44 66 62 50 
Y 5 4 12 14 13 9 11 9 8 24 
Zn 74 73 96 78 82 75 63 84 68 69 
Zr 439 443 285 295 306 332 349 293 392 353 

Norm 

Qu 6.49 5.43 1.64 8.22 5.50 5.61 15.93 12.38 9.62 12.37 
Cor 1.04 1.36 0.36 0.17 0.00 0.00· 1.19 0.00 0.85 0.33 
Or 17.98 17.98 13.14 16.70 14.53 17.59 22.21 19.21 21.77 18.98 
An 19.63 18.49 29.48 21.25 21.20 18.47 13.14 15.47 16.31 14.51 
Ab 38.50 38.39 33.57 38.98 41.85 42.54 37.82 40.44 37.81 42.80 
01 6.26 8.90 10.15 7.30 0.51 1.06 10.60 12.30 13.00 12.00 
Hy 5.22 4.35 7.23 8.31 7.60 6.83 4.90 5.99 6.34 4.63 
Mt 3.22 2.57 2.89 2.90 3.57 2.87 2.80 2.70 2.80 2.50 
11m 1.52 1.50 1.90 1.73 1.75 1.67 1.08 1.30 1.40 1.14 
Ap 0.47 0.54 0.64 0.84 0.54 0.50 0.57 0.40 0.47 0.37 
R.J 0.76 0.74 0.93 0.85 0.67 0.45 0.54 0.64 0.86 0.64 



APPENDIX 5.4 - CONTINUED 

FANAD PLUTON 

Major element (wt%) 

Sample FAN25 FAN27 FAN21 FAN22 FAN43 FAN18 FAN 19 
Unit Rosguill Rosgulll Melmore Melmore Melmore Melmore Melmore 

Si02 63.74 62.04 56.04 56.71 56.85 56.43 55.44 
AI203 16.99 18.11 20.09 18.55 19.17 19.44 20.09 
Ti02 0.63 0.67 0.88 0.95 0.88 0.85 0.87 
FeO 2.54 2.18 3.60 3.43 3.04 3.50 3.66 
Fe203 1.51 1.82 2.15 2.39 2.22 1.93 2.02 
Fetot 4.33 4.24 6.15 6.20 5.60 5.83 6.09 
MnO 0.04 0.03 0.04 0.06 0.05 0.04 0.05 
MgO 2.16 2.26 3.44 3.38 3.04 3.13 3.23 
cae 2.95 3.21 5.05 4.68 3.87 4.80 5.02 
Na20 4.49 4.67 4.47 4.29 4.40 4.72 4.82 
K20 3.51 3.83 2.72 2.95 3.52 2.95 2.80 
P205 0.18 0.21 0.29 0.27 0.35 0.30 0.27 
LOI 0.18 0.39 0.52 0.96 1.35 0.42 0.60 
Total 99.65 99.66 99.66 99.00 99.08 98.91 99.28 

Trace element (ppm) 

Ba 3363 4199 4157 2504 3362 3897 3888 
Ce 86 102 61 47 56 71 42 
La 74 81 45 28 53 52 46 
Nb n.d. n.d. n.d. 11 5 3 3 
Nd 43 47 30 44 31 35 23 
Nl b.d.l. 185 b.d.l. b.d.1. b.d.!. b.d.l. b.d.!. 
Pb 16 15 16 21 13 15 14 
Rb 57 57 41 64 74 43 42 
Sc 4 4 5 12 b.d.1. 5 4 
Sr 1207 1408 2094 1657 1760 1925 1991 
Th 10 6 4 6 9 3 
V 56 58 93 103 76 123 75 
Y 13 13 8 37 11 7 7 
Zn 72 60 79 76 73 73 76 
Zr 357 376 446 237 309 424 338 

Norm 

au 15.17 10.57 4.52 6.17 5.97 3.60 2,60 
Cor 0.86 0.93 1.30 0.44 1.92 0.48 0.70 
Or 20.71 22.60 16.0,3 17.42 20.76 17.42 16.60 
An 13.52 14.62 23.19 21.44 16.97 21.84 23.00 
Ab 37.97 39.49 37.82 36.29 37.19 39.91 31.70 
Di 10.00 11.00 15.00 17.00 13.00 17.00 18.00 
Hy 5.37 5.62 8.56 8.41 7.57 7.79 2,00 
Mt 2,20 2.64 3.21 3.50 3.22 2.80 2.90 
11m 1.20 1.27 ' 1.67 1.80 1.67 1.52 1,71 
Ap 0.40 0.47 0.67 0,64 0.81 0.71 0.64 
AJ 0.58 0.63 0.84 0.88 0,82 0.81 0.20 



APPENDIX 5.5 

MAIN DONEGAL PLUTON 

Major element (wt%) 

Sample DON17 DON25 DON26 DON12 DON7B DON7A DON38 DON33 DON35 DON27 DON16 DON40 
Unit Dark Dark Dark Dark Dark light light light light light light light 

Si02 66.26 68.99 66.68 69.15 71.24 70.53 70.52 74.65 72.16 71.65 73.19 70.78 
TI02 0.44 0.38 0.16 0.41 0.25 0.29 0.27 0.12 0.17 0.21 0.13 0.26 
AI203 16.72 15.83 18.68 15.83 14.93 14.87 15.25 12.94 14.45 15.12 13.76 15.22 
FeO 2.32 1.61 0.57 2.03 1.21 1.21 1.20 0.55 0.83 0.89 0.65 1.10 
Fe203 0.79 1.01 0.47 0.86 0.68 1.07 0.44 0.27 0.45 0.41 0.62 0.60 
Fetot 3.37 2.80 1.10 3.12 2.02 2.15 1.76 0.88 1.37 1.40 1.34 1.82 
MnO 0.02 0.04 0.02 0.05 0.03 0.02 0.03 0.02 0.03 0.04 0.01 0.03 
MgO 0.72 1.32 0.73 1.50 1.19 1.09 1.02 0.72 0.66 0.88 0.67 1.06 
CaO 0.96 2.62 3.46 2.83 2.85 2.74 2.14 0.96 1.65 2.00 1.19 2.50 
Na20 5.43 5.64 7.53 5.28 5.58 4.29 4.90 3.43 4.27 5.29 3.30 4.39 
K20 3.12 2.40 0.99 1.80 1.17 2.81 3.52 5.12 4.32 2.64 5.31 3.11 
P205 0.02 0.06 0.06 0.12 0.10 0.10 0.08 0.02 0.02 0.04 0.05 0.13 
LOI 0.60 0.56 0.62 0.12 0.54 0.58 0.08 0.67 0.36 0.51 0.37 0.54 
Total 96.66 100.64 100.03 100.25 100.02 99.47 99.89 99.44 99.47 99.78 99.33 99.84 

Trace element (ppm) 

Ba 110 529 49 108 124 1009 925 890 1126 1126 894 860 
Ce 33 33 57 41 23 42 40 29 30 b.d.! 271 38 
La 23 21 37 34 10 34 35 20 31 22 36 24 
Nb n.d. 15 56 19 n.d. n.d 9 6 7 10 n.d. n.d. 
Nd 20 22 33 15 16 21 12 10 7 b.d.1. 73 17 
NI b.d.l. b.d.!. b.d.1. b.d.!. 228 b.d.!. b.d.1. b.d.!. b.d.1. b.d.1. 113 146 
Pb 17 18 25 12 17 19 20 22 24 22 29 21 
Rb 110 112 48 108 65 95 102 138 135 124 153 102 
Sc 7 5 2 6 4 2 1 b.d.1. b.d.1. 2 2 1 
Sr 341 403 665 272 433 346 449 288 339 382 304 468 
Th 5 13 23 14 4 13 12 15 18 12 14 10 
V 24 36 12 36 20 b.d.!. 21 11 13 15 14 22 
Y 12 12 14 18 11 7 9 2 10 9 6 8 
Zn 89 67 32 82 53 53 42 22 29 44 28 50 
Zr 174 213 88 166 140 144 131 57 107 93 99 120 

Norm 

Qu 19.35 20.03 11.33 23.61 25.20 24.51 22.88 32.05 26.48 25.29 28.80 23.70 
Cor 0.82 0.00 0.00 0.33 0.16 0.00 0.00 0.05 0.00 0.00 0.54 0.40 
Or 11.25 14.14 5.85 10.63 27.17 16.60 20.76 30.23 25.50 15.59 31.40 18.40 
An 13.87 10.82 14.27 13.26 8.70 12.90 9.24 4.66 7.54 9.71 5.80 , 1.80 
Ab 45.00 47.68 63.67 44.63 33.99 36.30 41.43 29.00 36.06 44.74 27.90 37.20 
DI 3.61 1.14 2.02 10.80 1.10 0.06 2.00 3.73 0.45 7.00 4.48 8.27 
Hy 4.51 3.06 1.10 3.73 2.21 0.00 2.51 1.79 1.61 2.19 0.13 0.00 
Mt 1.34 2.30 0.70 1.30 0.99 1.55 0.60 0.40 0.65 0.59 0.90 0.87 
11m 0.84 0.72 0.30 0.80 0.50 0.60 0.40 0.23 0.32 0.40 0.25 0.49 
R.J 0.38 0.00 0.00 0.35 0.22 0.00 0.00 0.10 0.00 0.17 0.00 0.00 
Ap 0.24 0.13 0.13 0.27 0.13 0.24 0.17 0.03 0.03 0.07 0.12 0.31 



APPENDIX 5.5 - CONTINUED 

MAIN DONEGAL PLUTON 

Major element (wt%) 

Sample DON8D DON30 DON8A DON28 DON13 DON1 DON4 DON31 DON11 DON42 DON3 DON39 
Unit light light light light light light light light light light light light 

Si02 69.64 67.76 70.09 72.94 71.18 69.32 70.13 70.68 73.30 71.19 70.43 70.01 
Ti02 0.38 0.27 0.24 0.09 0.25 0.30 0.23 0.24 0.17 0.22 0.21 0.30 
AI203 15.26 15.83 15.54 14.70 15.16 15.89 15.06 15.13 14.56 14.76 14.88 15.34 
FeO 1.60 0.99 1.10 0.46 1.19 1.69 0.93 1.08 0.72 1.06 1.58 1.46 
Fe203 1.09 1.14 0.60 0.19 0.59 0.45 0.68 0.37 0.45 0.52 0.41 0.63 
Fetot 2.74 2.24 1.82 0.70 1.76 2.33 1.71 1.57 1.24 1.70 1.62 2.25 
MnO 0.02 0.02 0.02 0.01 0.03 0.03 0.02 0.03 0.01 0.03 0.04 0.02 
MgO 1.50 0.76 0.84 0.51 0.87 1.18 0.99 0.95 0.68 0.89 1.47 1.16 
CaO 2.80 1.74 1.86 1.50 2.06 2.58 1.52 2.22 1.59 1.83 1.78 3.01 
Na20 4.11 4.50 4.94 4.69 4.57 4.30 4.01 4.52 4.30 4.02 4.32 4.10 
K20 2.55 4.05 3.81 4.68 3.27 2.99 5.09 3.34 4.27 4.60 3.71 4.27 
P205 0.14 0.10 0.05 0.04 0.05 0.07 0.09 0.04 0.01 0.07 0.09 0.13 
LOI 0.84 0.32 0.36 0.43 0.42 0.65 0.47 0.11 0.60 0.42 0.80 0.50 
Total 99.99 97.60 99.56 100.29 99.61 99.64 99.32 98.81 100.72 99.40 99.36 100.08 

Trace element (ppm) 

Sa 949 675 755 954 588 832 1183 726 894 963 1256 1945 
Ce 71 24 25 15 47 44 30 26 59 52 43 92 
La 60 21 19 16 33 35 29 18 37 41 26 74 
Nb n.d. n.d. 9 4 11 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
Nd 31 11 18 14 19 18 13 12 35 27 24 42 
Ni 183 b.d.1. b.d.1. b.d.1. b.d.1. b.d.1. 251 b.d.!. b.d.1. b.d.1. 226 b.d.1. 
Pb 12 21 26 26 21 22 32 19 26 27 17 19 
Rb 92 124 128 127 119 103 163 108 137 152 115 123 
Sc 5 2 b.d.1. b.d.1. 2 b.d.1. 2 b.d.1. b.d.1. 2 3 2 
Sr 396 358 286 353 306 500 380 378 283 296 474 481 
Th 16 14 1 7 10 16 9 8 18 16 6 17 
V 44 19 18 9 27 33 19 22 15 17 22 26 
Y 8 15 11 6 9 9 12 8 11 10 9 12 
Zn 63 39 54 15 53 55 48 43 29 46 50 50 
Zr 185 98 125 59 139 161 141 96 102 128 134 200 

Norm 

Qu 23.50 19.47 21.68 24.34 26.51 25.78 22.88 25.55 27.57 25.15 25.41 24.17 
Cor 0.60 1.12 0.02 0.00 0.46 1.03 0.41 0.12 0.00 0.00 0.74 0.63 
Or 21.60 23.90 22.49 27.61 19.32 17.65 30.06 19.71 25.22 27.17 21.88 25.22 
An 5.89 7.98 8.93 5.26 9.93 12.43 6.98 10.80 7.85 8.85 8.26 9.13 
Ab 34.30 38.10 41.80 39.65 38.65 36.35 33.88 38.23 36.35 33.99 36.50 34.67 
Di 3.00 5.34 0.03 1.33 7.07 10.30 5.60 8.03 5.20 7.00 8.70 2.70 
Hy 2.10 0.00 3.50 1.20 0.00 0.60 0.80 0.00 0.00 0.21 2.10 3.60 
Mt 1.30 1.65 0.90 0.30 0.86 0.65 1.00 0.50 0.70 0.80 0.60 0.91 
11m 0.40 0.51 0.50 0.20 0.57 0.57 0.40 0.50 0.32 0.40 0.40 O.SO 
A.J 0.00 0.00 0.22 0.00 0.22 0.26 0.21 0.21 0.15 0.17 0.17 0.28 
Ap 0.30 0.24 0.10 0.07 0.10 0.13 0.20 0.07 0.00 0.13 0.20 0.30 



APPENDIX 5.5 - CONTINUED 

MAIN DONEGAL PLUTON 

Major element (wt%) 

Sample DON39 DON8B DON5 DON8BT 
Unit light light light light 

Si02 70.01 71.32 73.50 70.99 
Ti02 0.30 0.20 0.13 0.22 
AI203 15.34 14.85 14.29 15.04 
FeO 1.48 0.97 0.82 2.24 
Fe203 0.63 0.53 0.10 0.40 
Fetot 2.25 1.61 0.98 1.63 
MnO 0.02 0.02 0.03 0.03 
MgO 1.16 0.94 0.64 0.92 
cae 3.01 1.79 0.89 2.39 
Na20 4.10 3.87 4.63 4.36 
K20 4.27 4.18 4.33 3.11 
P205 0.13 0.08 0.03 0.04 
LOI 0.50 0.40 0.29 0.34 
Total 100.08 99.04 99.76 99.07 

Trace element (ppm) 

Ba 1945 1349 649 847 
Ce 92 32 19 34 
La 74 28 19 27 
Nb n.d. 11 n.d. n.d. 
Nd 42 20 8 26 
Ni b.d.1. b.d.1. b.d.1. b.d.1. 
Pb 19 19 22 18 
Rb 123 138 155 106 
Sc 2 b.d.1. 1 3 
Sr 481 389 270 341 
Th 17 4 7 8 
V 26 21 15 24 
Y 12 13 9 10 
Zn 50 41 40 43 
Zr 200 89 71 94 

Norm 

Qu 24.17 27.81 27.67 25.20 
Cor 0.63 0.88 0.80 0.00 
Or 25.22 24.86 25.55 18.40 
An 9.13 8.41 3.24 11.10 
Ab 34.67 32.73 39.18 39.20 
Dl 2.70 6.78 2.66 0.43 
Hy 3.60 2.34 1.59 3.70 
Mt 0.91 0.77 0.14 0.58 
11m 0.60 0.38 0.25 0.42 
F\J 0.28 0.18 0.10 0.01 
Ap 0.30 0.17 0.07 0.09 



APPENDIX 5.6 

TRAWENAGHBAYPLUTON 
Major element (wt%) 

Sample TRAl TRA2 TRA5 TRA6 TRA8B TRA3 TRA4 TRA7 
Unit Bi gra . Bi gra BI gra BI gra BI gra Mugra Mu gra Mu gra 

SI02 72.27 72.75 71.87 72.76 69.89 73.63 75.46 74.86 
AI203 14.33 14.11 14.37 14.44 15.56 14.03 13.35 14.59 
Ti02 0.18 0.18 0.18 0.19 0.29 0.03 0.04 0.03 
FeO 1.12 0.79 0.83 0.80 1.59 0.13 0.12 0.12 
Fe203 0.13 0.55 0.56 0.55 0.71 0.31 0.16 0.24 
Fetot 1.37 1.43 1.48 1.44 2.48 0.45 0.29 0.37 
MnO 0.04 0.03 0.02 0.03 0.05 0.10 0.04 0.04 
MgO 1.04 0.91 0.76 0.77 1.13 0.29 0.26 0.27 
CaO 1.75 1.51 1.32 1.70 2.58 0.42 0.39 0.32 
Na20 4.33 4.20 4.40 4.25 5.83 4.65 5.44 5.62 
K20 3.31 4.04 4.50 3.93 1.27 4.35 3.87 4.15 
P205 0.04 0.04 0.03 0.03 0.09 0.04 0.00 0.01 
LOI 0.75 0.63 0.69 0.43 0.48 0.50 0.41 0.59 
Total 99.39 99.82 99.61 99.87 100.69 98.49 99.54 100.40 

Trace element (ppm) 

Sa 539 708 990 828 191 b.d.1 b.d.! b.d.1 
Ce 34 15 32 30 28 9 15 2 
La 17 4 26 20 19 6 4 4 
Nb n.d n.d n.d n.d 15 n.d 40 40 
Nd 21 12 18 12 13 9 9 n.d 
Ni 139 b.d.! b.d.! 209 b.d.1 133 b.d.! b.d.! 
Pb 22 23 23 29 16 16 25 13 
Rb 133 109 136 133 77 345 266 369 
Sc 2 b.d.! 1 3 5 2 1 b.d.! 
Sr 298 338 328 307 310 10 4 11 
Th 7 4 7 12 10 6 9 2 
V 15 15 9 20 21 2 3 
V 10 9 17 12 13 19 29 9 
Zn 37 33 41 41 75 22 18 22 
Zr 87 87 . 105 99 138 30 27 13 

Norm 

au 26.52 26.40 24.77 26.04 12.54 28.26 28.02 24.87 
Cor 0.54 0.16 0.00 0.18 0.00 1.00 0.00 0.30 
Or 19.56 23.88 26.59 23.23 26.59 25.71 22.87 24.63 
An 8.42 7.23 6.17 8.24 3.00 1.82 0.58 1.52 
Ab 36.64 35.54 37.23 35.96 49.33 39.35 46.03 47.56 
Oi 6.90 5.82 0.15 5.87 7.62 1.44 1.07 1.20 
Hy 1.15 0.38 2.79 0.00 1.77 0.18 0.25 0.18 
Mt 0.19 O.SO 0.81 O.SO 0.25 0.45 0.23 0.35 
11m 0.34 0.34 0.34 0.36 0.55 0.06 0.08 0.06 
Ap 0.09 0.09 0.07 0.07 0.21 0.09 0.00 0.02 



APPENDIX 6. 

RARE EARTH ELEMENT ANALYSES. 

Notes. 

(1) All Barnesmore analyses are taken from Dempsey (1987). 

(2) All Thorr analyses are taken from Oglethorpe (1987) except TH1, THS, TH6B 
andTH4. 

Outer: Outer unit of Ardara. 
I'mediate : Intermediate unit of Ardara. 
Inner: Inner unit of Ardara. 
Fan penin: Fanad peninsula. 
Bi-granite : Biotite granite of Trawenagh Bay. 
Mu-granite: Muscovite granite of Trawenagh Bay. 
Contact: Contact facies of Thorr. 
Trans: Transitional facies of Thorr. 
Hbl bear: Hornblende bearing Normal facies of Thorr. 
Hbl free: Hornblende free Normal facies of Thorr. 
Qz Mzd : Quartz monzodiorite. 
Gdr : Granodiorite. 
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APPENDIX 6 - RARE EARTH ELEMENT ( DONEGAL GRANITES) 

Pluton Ardara Ardara Ardara Ardara Ardara Ardara Ardara Ardara Ardara Ardara Fanad Fanad 
Unit Outer Outer Outer Outer Outer Outer I'medlate I'medlate Inner Inner Fan penln Fan penln 
Rock type QzMzd QzMzd QzMzd QzMzd QzMzd QzMzd Gdr Gdr Granite Granite QzMzd QzMzd 
Sample ARD1F ARD1A1 ARDIS ARD1C ARD1D ARD1E ARD2 ARD4 ARD11 ARD13 FAN11 FAN16 

La 67.58 59.87 38.28 27.56 36.66 38.28 15.37 15.17 14.98 15.36 29.68 33.7 
Ce 156 120 87.8 56.2 79.2 71.9 34.8 32.3 28.1 33.2 59.6 60.2 
Pr 13.4 14.5 7.85 5.78 7.03 6.54 4.18 3.91 2.61 3.34 5.67 6.16 
Nd 59.5 51.9 36.7 24.6 31.4 26.8 15 15.66 10.8 14.6 27.3 24.1 
Sm 9.66 9.65 7.24 4.16 4.87 5.16 3.36 3.17 1.78 2.48 4.59 3.36 
Eu 1.69 1.59 1.39 1.07 0.97 1.21 0.89 0.75 0.51 0.66 1.19 1.55 
Gd 6.28 6.35 4.9 3.06 3.39 3.75 2.05 2.38 1.48 1.8 4.46 2.21 
Ho 0.85 1.00 0.67 0.48 0.49 0.41 0.39 0.27 0.01 0.27 0.43 0.29 
Er 2.53 2.83 2.12 1.67 1.46 1.14 1.14 0.8 0.13 0.89 1.34 0.63 
Dy 4.65 4.63 3.76 2.48 2.59 2.56 1.69 1.53 0.65 1.47 2.9 1.1 
Vb 2.19 1.92 2.04 0.91 0.99 1.23 0.72 0.72 0.4 0.61 1.07 0.56 
Lu 0.26 0.22 0.25 0.12 0.12 0.15 0.1 0.1 0.04 0.08 0.12 0.08 
Total 324.59 274.46 193 128.29 169.17 161.13 79.49 76.76 61.49 74.74 138.35 133.96 

Pluton Fanad Fanad Fanad Fanad Fanad Fanad Fanad Main Don Main Don Main Don Main Don Main Don 
Unit Fan penln Fan penln Fan pen In Melmore Rosgulll Rosguill Rosgulll Dark band Dark Sand Light band Light band Light band 
Rock type QzMzd QzMzd QzMzd QzMzd QzMzd QzMZd QzMzd Trondhj Trondhj Gdr Gdr Granite 
Sample FAN17 FANI FAN10 FAN46 FAN23 FAN25 FAN29 DON17 DON26 DON30 DON1 DON16 

La 31.48 41.28 26.06 27.26 76.07 66.04 50.6 20.03 53.7 27.48 49.07 50.42 
Ce 51.66 71.8 65.99 67.8 137 108.2 97.5 43.44 94 54.4 93.4 98 
Pr 5.17 6.83 6.75 6.64 14.07 10.35 8.35 4.42 9.75 4.85 9.06 9.92 
Nd 19.1 30.7 26.32. 32.84 49.1 38.13 29.8 16.48 33.9 20.2 28.2 32.7 
Sm 3.02 5.06 4.06 5.33 6.65 4.91 3.43 3.73 6.85 4.07 4.66 5.6 
Eu 1.44 1.27 0.92 1.81 2.1 1.48 1.21 0.61 0.76 0.68 0.79 0.71 
Gd 2.63 3.33 2.55 3.61 3.64 3.12 1.95 3.1 4.4 3.12 2.58 3.15 
Ho 0.59 0.35 0.29 0.3 0.54 0.48 0.17 0.39 0.58 0.33 0.42 0.42 
Er 1.43 1.21 0.73 0.84 1.83 1.05 0.52 0.95 1.68 0.99 1.46 1.26 
Dy 2.44 2.28 1.68 2.14 2.38 1.98 0.95 2.31 2.83 2.31 1.84 1.9 
Vb 0.7 1.14 0.72 0.72 0.98 0.8 0.29 0.72 0.75 1.13 0.84 0.54 
Lu 0.09 0.13 0.1 0.09 0.13 0.08 0.05 0.1 0.1 0.12 0.11 0.09 
Total 119.75 165.36 '138.17 149.16 294.47 238.62 194.82 98.28 209.3 119.7 192.4 204.71 

Pluton Main Don Main Don Rosses Rosses Rosses Rosses Rosses Rosses Rosses Rosses Rosses Rosses 
Unit Light band Light band porphyry porphyry G1 G1 G1 G2 G2 G2 G2 G2 
Rock type Granite Granite Granite Granite Granite Granite Granite Granite Granite' Granite Granite Granite 
Sample DON5 DON3 ROS29 ROSS ROSH ROS12 ROS4AP ROS17 ROS14 ROS15 ROSS ROS16 

La 14.27 41.37 26.66 34.17 30.18 23.58 13.7 14.66 17.17 7.12 18.17 18.2 
Ce 28.2 72.1 53.2 63.5 60.52 44.69 32.68 29.1 32.2 17.1 32.27 38.8 
Pr 3.23 7.2 5.16 6.81 6.34 4.46 3.46 2.92 3.21 1.87 3.4 3.98 
Nd 10.3 25.2 21 22.6 23.09 16.7 13.3 12.6 13.2 6.1 14.45 15.9 
Sm 2.28 4.53 3.04 4.63 3.81 3.04 2.99 3.37 3.88 1.99 3.61 4.36 
Eu 0.34 0.92 0.63 0.67 0.72 0.55 0.42 0.37 0.73 0.28 0.46 0.315 
Gd 1.52 2.56 2.04 2.71 2.55 2.3 2.32 3.43 2.98 2.08 3.3 3.98 
Ho 0.35 0.42 0.33 0.48 0.29 0.39 0.29 1.05 0.7 0.5 0.59 0.79 
Er 1.07 1.28 1.09 1.37 0.73 0.78 0.75 2.81 1.83 1.49 1.62 1.119 
Dy 0.15 1.82 1.62 2.23 1.68 1.66 1.79 4.65 3.6 2.45 2.91 4.17 
Vb 0.69 0.77 0.72 0.88 0.72 0.7 0.66 2.54 1.68 1.8 1.45 1.87 
Lu 0.09 0.1 0.08 0.08 0.1 0.09 0.09 0.29 0.16 0.2 0.2 0.25 
Total 62.49 158.3 115.57 140.13 130.73 98.94 72.45 77.79 81.34 42.78 80.43 94.82 



APPENDIX 6 : CONTINUED. 

Pluton Rosses Rosses Rosses Rosses Rosses Trawenagt Trawenagt TrawenagtTrawenagh Trawenagh Thorr Thorr 
Unit G3 G3 G3 G3 G4 81-gra 81-gra 81-gra Mu-gra Mu-gra Hbl free Hbl free 
Rock type Granite Granite Granite Granite Granite Granite Granite Granite Granite Granite granite granite 
Sample ROS18 ROS13 ROS20 ROS21 ROS10S TRA5 TRA6 TRA1 TRM TRA3 5H TH1 

La 25.16 31.37 17.8 18.02 17.87 22 20.76 17.33 7.55 6.97 28.3 11.67 
Ce 45.1 56.1 39.1 37.77 24.88 47.86 39.7 32.68 15.5 11.6 69.8 32.87 
Pr 4.55 5.2 4.08 3.9 2.37 4.81 4.00 3.46 1.32 1.13 7.5 2.94 
Nd 17.3 20.4 14.97 14.4 8.1 16.39 14.7 13.3 7.56 5.48 28.6 9.2 
Sm 3.04 3.82 2.8 2.62 1.95 2.78 2.56 2.99 3.76 2.86 4.83 1.84 
Ell 0.6 0.75 0.51 0.53 0.22 0.59 0.55 0.42 0.06 0.03 0.77 0.37 
Gd 2.1 2.26 2 1.96 1.91 1.78 1.99 2.32 4.64 2.74 3.7 1.44 
Ho 0.32 0.4 0.29 0.25 0.5 0.28 0.35 0.29 1.27 0.46 0.67 0.19 
Er 0.87 0.92 0.92 0.68 1.25 0.78 0.89 0.75 3.38 1.30 1.98 0.8 
Dy 1.66 1.91 1.62 1.45 2.13 1.58 1.48 1.79 6.13 3.25 3.29 1.13 
Yb 0.85 0.58 0.92 0.67 1.5 0.64 0.87 0.66 3.15 2.14 1.5 0.75 
Lu 0.07 0.06 0.13 0.1 0.2 0.09 0.12 0.11 0.37 0.24 0.22 0.11 
Total 101.62 123.77 85.14 82.35 62.88 99.59 87.97 76.1 54.69 38.2 151.2 63.31 

Pluton Thorr Thorr Thorr Thorr Thorr Thorr Thorr Thorr Thorr Thorr Thorr Thorr 
Unit Contact Contact Contact Contact Contact Contact Trans Trans Hbl bear Hbl bear Hbl bear Hbl bear 
Rock type OzMzd Gdr Gdr OzMzd OzDlo OzMzd OzMzd OzMzd OzMzd OzMzd Ozdlo Ozdlo 
Sample 31/3S 33S 42S 50AS 52S 253S 358T 44ST TH5 TH6e TH4 361 

La 12.2 41.1 34.7 42.8 16.2 11.6 10.4 11.4 28.3 11.67 12.2 41.1 
Ce 29.1 77.2 62.2 89.8 35.2 25.5 23 23.8 69.6 32.87 29.1 77.2 
Pr 4.5 8.5 6.3 10.3 4.9 3.4 3.2 3.5 7.5 2.94 4.5 8.5 
Nd 19.5 29.2 21.6 37.2 20.2 13.2 11.5 11.9 28.6 9.2 19.5 29.2 
Sm 5.96 4.21 3.12 6.57 5.16 2.51 1.9 2.34 4.83 1.84 5.96 4.21 
Ell 2.46 1.58 1.07 1.37 1.46 1.35 1.18 1.15 0.77 0.37 2.46 1.58 
Gd 6.9 3.3 2.4 5.1 5.4 2.1 1.1 2.2 3.7 1.44 6.9 3.3 
Ho 2.28 0.84 0.66 1 1.31 0.64 0.39 0.85 0.67 0.19 2.28 0.84 
Er 6.51 1.96 1.85 2.51 3.49 1.7 1.2 1.99 1.98 0.8 6.51 1.96 
Dy 10.18 3.12 2.7 4.16 6.14 2.25 1.16 2.78 3.29 1.13 10.18 3.12 
Vb 5.3 1.31 1.43 1.87 2.59 1.74 1.04 1.37 1.5 0.75 5.3 1.31 
Lu 0.7 0.19 0.22 0.25 0.37 0.28 0.18 0.21 0.22 0.11 0.7 0.19 
Total 105.6 172.5 138.3 202.5 102.4 86.3 56.3 63.5 151.2 63.31 105.6 172.5 

Pluton Thorr Thorr Thorr Thorr Thorr Thorr Thorr B'more B'more B'more B'more B'more 
Unit Hbl bear Hbl bear Hbl bear Hbl bear Hbl bear Hblbear Hblbear Gl Gl G2 G2 G2 
Rock type OzMzd OzMzd O:l:Mzd OzDIo OzMzd OzMzd Diorite Granite Granite Granite Granite Granite 
Sample 481 531 381 3981 401 471 2771 Gl/2 G1121 ' G2'/39 G2'f52 G2'JeO 

La 10.4 11.4 34.7 42.6 16.2 11.6 28.4 20.7 23.72 15.7 15.4 11.48 
Ce 23 23.8 62.2 89.8 35.2 25.5 64.8 42.5 40.49 26.3 26 21.43 
Pr 3.2 3.5 6.3 10.3 4.9 3.4 8.4 n.d. 3.72 n.d. n.d. 1.75 
Nd 11.5 11.9 21.6 37.2 20.2 13.2 31.6 15 12.4 9.1 10.7 5.53 
Sm 1.9 2.34 3.12 6.57 5.16 2.51 5.31 2.24 2.09 1.3 2 1.03 
Ell 1.18 1.15 1.07 1.37 1.46 1.35 1.62 0.57 0.45 0.27 0.36 0.21 
Gd 1. f 2.2 2.4 5.1 5.4 2.1 4.3 n.d. 1.7 n.d. 1.7 0.9 
Ho 0.39 0.85 0.66 1 1.31 0.64 0.97 n.d. 0.3 n.d. n.d. 0.2 
Er 1.2 1.99 1.85 2.51 3.49 1.7 2.19 n.d. 0.92 n.d. 0.92 0.58 
Dy 1.16 2.78 2.7 4.16 6.14 2.25 3.51 n.d. 1.43 n.d. 1.43 0.S8 
Vb 1.04 1.37 1.43 1.67 2.59 1.74 1.59 1.15 1.35 0.9 0.32 0,99 
Lu 0.18 0.21 0.22 0.25 0.37 0.28 0.25 0.19 0.25 0.18 0.22 0.19 
Total 56.3 63.5 138.3 202.5 102.4 66.3 152.9 82.35 80.75 53.73 49.13 40.86 



APPENDIX 6 : CONTINUED. 

Pluton B'more B'more B'more B'more 
Unit G2 G2 porp. G3 G3 
Rock type Granite Granite Granite Granite 
Sample G2'/131 G2PF/138 G3/186 G3/215 

La 6.06 10.38 6.57 7.5 
Ce 20.14 11.68 11.76 11.53 
Pr 1.16 1.24 1.03 0.97 
Nd 3.72 3.89 3.08 3.5 
Sm 0.78 0.69 0.59 0.68 
Eu 0.18 0.11 0.06 0.07 
Qj 0.7 0.64 0.53 0.55 
Ho 0.18 0.14 0.15 0.18 
Er 0.53 0.41 0.47 0.41 
Oy 0.78 0.62 0.57 0.69 
Vb 1.03 0.89 1.24 0.9 
Lu 0.2 0.17 0.26 0.2 
Total 32.11 30.86 23.56 23.27 



APPENDIX 7. 

SAMPLE LoeA TION. 

Notes. 

(1) The sample locations are given using the 1 :50000 ma r by Ordnance 
Survey of Ireland (Sheet No: I, 2, 6 and 10 - i\'Iap App. 7) 

Map App. 7 : Map (J : 50000) of the northwestern Ireland showing sheets 
I, 2, 6 and 10 used in this study. 



SAMPLE PLUTON UNIT ROCKlYPE SHEEr GRID REF 
NUMBER 

ROS2 Rosses G1A Granite 1 824120 
R0S4 Rosses G1 Granite 1 734147 
ROS4AP Rosses G1A microgranite 1 735146 
ROS5 Rosses G2 Granite 1 745139 
Rose Rosses G2 Granite 1 758152 
ROS7 Rosses G2 Granite 1 799158 
ROsa Rosses G3 Granite 1 773148 
ROS8AP Rosses G3 microgranite 1 774148 
ROse Rosses G3 Grani~ 1 780155 
ROS10A Rosses G4 Granite 1 776126 
ROS10B Rosses G4 Granite 1 777126 
ROS11 Rosses G1 Granite 1 763109 
ROS12 Rosses G1 Granite 1 786114 
ROS13 Rosses G3 Granite 1 764163 
ROS14 Rosses G2 Granite 1 765167 
ROS15 Rosses G2 Granite 1 761168 
ROS16 Rosses G2 Granite 1 762168 
ROS17 Rosses G2 Granite 1 767166 
ROS18 Rosses G3 Granite 1 762164 
ROS19 Rosses G2 Granite, 1 763165 
ROS20 Rosses G3 Granite 1 764161 
ROS21 Rosses G3 Granite 1 763162 
ROS24 Rosses G3 Granite 1 778124 
ROS26 Rosses G3 Granite 1 777126 
ROS27 Rosses G3 Granite 1 778127 
ROS31 Rosses Microgranite Granite 1 734178 
ROS28 Rosses Porphyry Porphyry gr 1 754210 
ROS3 Rosses Porphyry Porphyry gr 1 775185 
ROS29 Rosses Porphyry Porphyry gr 1 763109 

ARD1A1 Ardara Outer Otz monzodiorite 10 734987 
ARD1B Ardara Outer Otz monzodiorite 10 734986 
ARD1C Ardara Outer Otz monzodiorite 10 733985 
ARD1D Ardara Outer Otz monzodiorite 10 732984 
AR01E Ardara Outer Otz monzodiorite 10 733983 
ARD1F Ardara Outer Otz monzodiorite 10 733989 
ARD1 Ardara Outer Otz monzodiorite 10 730988 
ARD3 Ardara Outer Otz monzodiorite 10 764975 
ARD2 Ardara Intermediate Granodiorite 10 750972 
ARD4 Ardara Intermediate Granodiorite 10 760973 
AR03B Ardara Inner Granite 10 765976 
ARD5 

) 

Ardara Inner Granodiorite 10 755952 
AR06 Ardara Inner Granite 10 745937 
ARD7 Ardara Inner Granodiorite 10 736933 
AR012 Ardara Inner Granodiorite 10 755954 
ARD10 Ardara Inner Granite 10 744942 
ARD11 Ardara Inner Granite 10 748945 



ARD13 Ardara Inner Granodiorite 10 757956 

TRA1 Trawenagh Bay Bi granite Granite 1 802074 
TRA2 Trawenagh Bay Bi granite Granite 1 786052 
TRA3 Trawenagh Bay Muse granite Granite 1 781072 
TRA4 Trawenagh Bay Muse granite Granite 1 772092 
TRA5 Trawenagh Bay Bi granite Granite 10 768033 
TRA6 Trawenagh Bay Bi granite Granite 1 780075 
TRA7 Trawenagh Bay Muse granite Granite 1 778077 
TRA8 Trawenagh Bay Bi granite Granite 1 805046 

TH1 Thorr Hbl free Granite 1 725228 
TH2 Thorr Hblbearing Granodiorite 1 724153 
TH3 Thorr Hbl bearing Diorite 6 975224 
TH4 Thorr Hbl bearing Quartz diorite 1 814097 
TH5 Thorr Contact Quartz monzodiorite 1 827141 
TH6 Thorr Hbl bearing Quartz monzodiorite 1 828207 
TH7 Thorr Hbl bearing Granodiorite 1 815225 
TH8 Thorr Hbl bearing Granodiorite 1 811338 
TH9 Thorr Hbl free Granodiorite 1 806300 

DON1 Main Donegal Light band Granodiorite 6 065223 
DON3 Main Donegal Light band Granodiorite 6 049225 
DON4 Main Donegal Light band Granodiorite 6 043230 
DON5 Main Donegal Light band Granite 1 055225 
DON6B Main Donegal Light band Granite 1 852093 
DON7A Main Donegal Light band Granite 1 856083 
DON8A Main Donegal Light band Granodiorite 1 863074 
DON8BT Main Donegal Light band Granite 1 863074 
DON7B Main Donegal Dark band Trondhjemite 1 856083 
DON8D Main Donegal Light band Granodiorite 1 863074 
DON11 Main Donegal Light band Granite 1 876065 
DON12 Main Donegal Trondhjemite Trondhjemite 1 876065 
DON13 Main Donegal Light band Granite 1 061886 
DON16 Main Donegal Light band Granite 1 868065 
DON17 Main Donegal Trondhjemite Trondhjemite 1 868065 
DON25 Main Donegal Trondhjemite Trondhjemite 6 055225 
DON26 Main Donegal Trondhjemite Trondhjemite 6 055225 
DON27 Main Donegal Light band Granite 6 055225 
DON42 Main Donegal Light band Granite 1 880065 
DON30 Main Donegal Light band Granodiorite 6 061226 
DON31 Main Donegal Light band Granite 6 061266 
DON33 Main Donegal Light band Granite 2 094242 
DON35 Main Donegal Light band Granite 2 094242 
DON38 Main Donegal Light band Granodiorite 2 085261 
DON39 Main Donegal Light band Granodiorite 2 081264 
DON40 Main Donegal Light band Granite 2 081264 



FAN1 Fanad Fanad peninsula Otz monzodiorite 2 173448 
FAN2 Fanad Fanad peninsula Otz monzodiorite 2 173449 
FAN7 Fanad Fanad peninsula Otz monzodiorite 2 172450 
FAN8 Fanad Fanad peninsula Otz monzodiorite 2 172450 
FAN10 Fanad Fanad peninsula Otz monzodiorite 2 - 161450 
FAN11 Fanad Fanad peninsula Otz monzodiorite 2 161444 
FAN12 Fanad Fanad peninsula Otz monzodiorite 2 154441 
FAN13 Fanad Fanad peninsula Otz monzodiorite 2 164429 
FAN14 Fanad Fanad peninsula Otz monzodiorite 2 196444 
FAN15 Fanad Fanad peninsula Otz monzodiorite 2 217467 
FAN16 Fanad Fanad peninsula Otz monzodiorite 2 155427 
FAN16A Fanad Fanad peninsula Otz monzodiorite 2 154426 
FAN17 Fanad Fanad peninsula Otz monzodiorite 2 166422 
FAN18 Fanad Melmore Otz monzodiorite 2 125445 
FAN19 Fanad Melmore Otz monzodiorite 2 125445 
FAN21 Fanad Melmore Otz monzodiorite 2 126442 
FAN22 Fanad Melmore Otz monzodiorite 2 130438 
FAN23 Fanad Rosguill Granodiorite 2 107415 
FAN24 Fanad Rosguill Granodiorite 2 106413 
FAN25 Fanad Rosguill Otz monzodiorite 2 106411 
FAN27 Fanad Rosguill Granodiorite 2 106412 
FAN28 Fanad Rosguill Otz monzodiorite 2 102421 
FAN29 Fanad Rosguill Otz monzodiorite 2 101423 
FAN30 Fanad Rosguill Otz monzodiorite 2 096421 
FAN41 Fanad Fanad peninsula Otz monzodiorite 2 231479 
FAN43 Fanad Melmore Otz monzodiorite 2 135436 
FAN46 Fanad Rosguill Otz monzodiorite 2 095422 
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