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 (G1 type ; 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 individual 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 al. 1992).

Thirdly, REEs have been used to evaluate the roles of the 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 ; 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 :

Cl/Co=FDal yhere

Cp = concentration of element 'a’ in the original melt

C] = 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 o
Mg = (Mk-Sk)/ (1-F)
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Hb Bi
Ba 0.044 6.36 0.36 6.12
Sr 0.022 0.12 44 3.87
Rb. 0.014 3.26 0.048 0.34

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

_K-felds_ Plagioclase
La 0.08 0.072 0.08 0.38 0.3 0.3

Ce 0.044 0.046 0.037 0.24 0.27 0.27
Nd 0.025 0.038 0.035 017 0.21 0.21

Sm 0.018 0.025 0.025 0.13 0.13 0.013
Eu 133 2.6 4.45 2:) 5.42 2.15
Gd 0.011 0.01 0.01 0.9 0.125 0.097
Th 0.025 0.033 0.025 0.02 0.033 0.033
Dy 0.006 0.052 0.055 0.086 0.112 0.064
Er 0.006 0.006 0.006 0.084 0.084 0.055
Yb 0.012 0.015 0.03 0.077 0.09 0.049
Lu 0.006 0.031 0.033 0.062 0.092 0.046

References :

K-Feldspar : Arth (1976) , Nash and Crecraft (1985) , Mahood & Hildreth (1983)
Plagioclase : Arth (1976) , Nash and Crecraft (1985) , Mahood & Hildreth (1983)

Biotite : Arth (1976)

Hornblende : Arth (1976)

Quartz : Nash and Crecraft (1985)

Magnetite : Petford (1990)

Zircon : Micheal (1983)

Apatite : Petford (1990)

Allanite : Mahood and Hildreth (1985) , Brooks at al. (1981)
Sphene : Hellman and Green (1979)

Arth (1976) : Rhyolites

Nash and Crecraft (1985): Rhyolites

Mahood and Hildreth (1983): High silica rhyolites
Micheal (1983): High silica tuff/rhyolites

Brooks et al. (1981): Obsidian

Hellman and Green (1979): Hydrous mafic composition

Table 6.2 : Partition coefficients used in REE modelling.

Plag K-felds

Bi
0.03
0.04
0.04
0.05

0.015
0.08
0.09

0.1
0.12
0.18
0.19

Qu
0.015
0.014
0.016
0.014

0.06
0.015
0.017
0.014
0.015
0.017
0.015

Hb

15
4.3

5.1
10

13
12
8.4
5.5

108
336
564
648

All
2594 -820
2278-635
1620-463
866 - 205
111- 81
250-130
273~
136 - 45
50- 20
30 - 8.9
33 - 7.7



where
melt

Mk = weight % of element oxide k in final melt after fractionation
(&)

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 determi.ning
the REE pattern in silicic rocks (Gromet and Silver 1983 ; Atherton et al.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 6.1¢) 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+ Or+ 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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Rock type Quartz diorite

Sio2
Tio2
Al203

Fe(tot)

MgO
Ca0o
Na20
K20
Total

Start composition

61.97
0.76
17.51
4.32
2.76
417
3.5
3.8
98.79

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

Target composition
(TC)

granodiorite

69.54
0.46
1552
2ie
1.06
2:4
3.62
4.31
98.49

Ap : 1
Sp:lb
Mag : 1

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

% precipitation: 50%

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 Target model Different

(TC) (TM) (TM-TC)
Rock type  granodiorite granite
Sio2 70.64 74.05 73.99 -0.06
Tio2 0.4 0.29 0.24 -0.05
Al203 14.26 13.96 13.06 -0.9
Fe(tot) 211 1.14 1.41 0.27
MgO 0.93 0.46 0.6 0.14
Ca0 1.85 1.18 1.45 0.27
Na20 3.13 3.52 3.01 -0.51
K20 5.22 5.18 4.65 -0.53
’ Total 98.54 99.78 98.41
} Mineral extract proportion
! Pl +37
| Ksp : 36.1
Bi: 16 % precipitation: 24%
HbZ 1.5
Qu : 6.6
Mag: 1
Ap : 0.8
Sp:1

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

TH36I TH9 Kd
| quartz diorite Granodiorite
La 28.4 17.47 16.26 4.4 Pl  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 1.48 355 424 Sp 2
Er 2.19 0.83 0.87 4.26 Ap 2.6
Yb 1.59 0.8 0.93 3.7 Mag 1.1
Lu 0.25 0.1 0.14 3.07

% precipitation : 21%
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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
TH9
granodiorite

La 17.47
Ce 41.66
Nd 14
Sm 2.68
Eu 0.56
Gd 2.05
Dy 1.48
Er 0.83
Yb 0.8
Lu 0.1

Target
TH1
granite

11.67
32.87
9.2
1.84
0.37
1.44
1.13
0.8
0.75
0.11

Target model

11,83
29.55
10.12
2.09
0.39
1.8
1.28
0.77
0.69
0.09

% precipitation : 12%
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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

Pl KF Bi
Stage 1 48.7 16 17.8
Stage 2 37 36.1 16

REE modelling

Pl KF Bi

Stage 1 47.4 16.1 18.6
Stage 2 37 36.2 16.3

Hbl

Hbl

Qtz

6.6

Qtz

Mag Ap

Zr All

0.22 0.03
0.15 0:13

i

% ppt

50%

24%
Ap Mag
2.6 1.4
0.8 0.9

% ppt

21%
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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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 5i02 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
microgranite - 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 6.5¢) 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 microgranite sheet has been modelled from 69.92% to 75.4% SiO7. 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% SiO2. 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% SiO2. 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% SiO2 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 % SiO2. 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 % SiO2. 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 ROS11 (SiO2= 70.05%) to ROS12 (SiO2 = 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 ROS5 (5107 = 72.29%) to ROS15 (SiO2 = 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, (1)
Microgranite to G1 to G2 and (2) 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 G1 to G2), 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% SiO2 (G1).
The model target composition can be achieved at 22% fractionation 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) SiO2. The model target
composition can be achieved at 7% fractionation and the mineral mix is plagioclase
(47%), alkali feldspar (33.2%), biotite (15%), quartz (4%) and magnetite (0.8%).

Stage 3 has been modelled from 73.3%(G2) to 74.02% (G2) SiO2. 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) SiO2. 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) SiO2. 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) SiO2. 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) SiO2. 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 microgranite (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) microgranite 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

Sio2
Tio2
Al203
Fe(tot)
MgO
Ca0
Na20
K20
Total

Start composition

Granite

69.92
0.27
15.36
2.02
1.38
1.88
4.56
4.23
99.62

Target composition

(TC)
Granite

75.4
0.08
13.24
0.64
0.16
0.56
4.4
5.1
99.58

Mineral extract proportion

Bi: 19
Pl : 50.9
Ksp : 30
Qu: 0
Mag : 0.1

% precipitation: 72%

Target model
(TM)

75.39
0.14
12.97
1.18
1.09
3 BB
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 G1 rock (Appendix 4).

Rock type

Si0z2
TiO2
Al203
Fe(tot)
MgO
Ca0
Na20
K20
Total

Start composition

Granite

70.2
0.3
15
2.2
Q.7
1.1
4

98.61

Target composition

(TC)
Granite

74.3
0.14
13
102
0.39
0.89
4
4.6
98.52

Mineral extract proportion

Bi: 18
Pl : 39
Ksp : 39
Qu: 2
Mag : 2

% precipitation: 27%

Target model

(TM)

74.4
0.17
13.36
0.93
0.43
0.81
4.18
4.07
98.35

Different
(TM-TC)

0.1
0.03
0.36
-0.27
0.04
-0.08
0.18
-0.53

TABLE 6.7 : Summary results obtained from the major element
modelling of G1 of the Rosses pluton. Mineral data from G1 rock
(Appendix 4). '



Start composition Target composition Target model Different

(TC) (TM) (TM-TC)

Rock type Granite Granite
Sio2 71.4 76.5 76.43 -0.07
TiO2 0.25 0.17 0.15 -0.02
Al203 14.6 12.3 12.3 0
Fe(tot) 1.8 1.1 0.87 -0.23
MgQO 0.76 0.35 0.57 0.22
Ca0 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

Bi: 14

Pl: 446 % 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).

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

Rock type Granite Granite
Sio2 70.10 72.82 72.61 -0.21
Tio2 0.35 0.16 0.29 0.13
Al203 15.00 13.50 13.98 0.48
Fe(tot) 2.50 1.90 1.89 -0.01
MgO 1.00 9 e 7 0.82 0.07
Ca0 1.70 2.00 1.52 -0.48
Na20 4.20 4.40 4.28 -0.12
K20 4.50 4.00 3.90 -0.1
Total 99.35 99.53 99.29

Mineral extract proportion

Bi: 19

Pl: 39 % precipitation: 15%
Ksp : 38

Mag : 2

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
Sio2 72.82 75.6 75.52 -0.08
TiO2 0.17 0.05 0.1 0.05
Al203 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
Ca0 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 : 155 % precipitation : 16%

Pl: 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
Sio2 73T 76.6 76.58 -0.02
Tio2 0.11 0.1 0.04 -0.06
Al203 14.6 13.7 13.41 -0.29
Fe(tot) 0.97 0.39 0.57 0.18
MgC 0.26 0.3 0.07 -0.23
Ca0 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

Pl : 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 Pl 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 Al 0.09
Gd 2.55 2.3 2.78 0.68 Ap 0.7
Dy 1.68 1.66 1.80 0.74 & 012
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 G1 from Rosses pluton.

At the top is the summary of start and target compositions, target m(?dcl, amount
of mineral precipitate (%) and bulk Kd of the REE used in the modelling.

7 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 ROS15 Kd
Granite Granite

La 16.17 712 6.55 2.51 Pl 44.03
Ce 32.27 7.1 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 Qu 5.8
Eu 0.46 0.28 0.25 2.01 All  0.05
Gd 3.3 2.08 2.4 1.53 Ap 24
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.
‘o 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

ROS18 ROS20 Kd

granite granite
La 25.16 17.8 19.32 2.51 Pl 4447
Ce 45.1 39.1 36.69 2.18 Kf 31
Nd 17.3 14.97 14.07 2.18 Bi 14.5
Sm 3.04 2.8 2.58 1.93 Qu 7
Eu 0.6 0.51 0.5 2.01 All  0.05
Gd 2.1 2 1.91 1.53 Ap 1.4
Dy 1.66 1.62 1.56 1.37 Zr 0.08
Er 0.87 0.92 0.84 1.22 Mag 0.5
Yb 0.85 0.92 0.84 1.07
Lu 0.07 0.13 0.07 1.05

% precipitation : 16%
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FIGURE 6.8 : Summary of the REL 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.
v 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 6.9 : Samples used in the inter units modelling of the Rosses
granite, The modelling is divided into two paths i.e. (1) microgranite to G1

to G3 and (2) porphyry dyke to G3 to G
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e small map. Result of the modelling is shown in Table 6.12b.
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FIGURE 6.10a: Normative Ab-Or-An-Qz tetrahedral diagram for the

Rosses granite (Microgranite - G1 - G2). Phase boundaries from
Presnall and Bateman (1973).
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FIGURE 6.10b: Normative Ab-Or-

An-Qz tetrahedral diagram for the

Rosses granite (porphyry - G3 - G4). Phase boundaries from Presnall
and Bateman (1973).



Major elements modelling

Units P Ksp Bi Qu Mag  %ppt

Microgranite 50.9 30 19 0 0.1 72%

G1 39 39 18 2 2 27%

G2 44.6 35 14 6 0.4 36%

Porphyry 39 38 19 0 2 15%

G3 45 32 Y155 2§ o5  16%

G4 40 43 12 5 0 21%

REE modelling

Units Pl 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

G1 to G3 and from porphyry to G3 to G4 (arrows).

STEPS Plag K-Felds Quartz Biotite Magnetite % ppt
PATH 1
M'granite (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 (ROS6) 45.9 35.7 5 13 0.4 6%
PATH 2
Porphyry (ROS3) to G3(ROS18) 44.9 36.7 0 18 0.4 9%
G3(ROS18) to G3 (ROS20) 46 35.7 3 15 0.3 5%
G3(ROS20) to G3 (ROS8) 46.3 35.4 3.8 14.5 0.3 1%
G3(ROS8) to G4 (ROS10B) 41 411 6 i 0.9 9%

Table 6.12b : Summary results of the inter unit . modelling of the Rosses

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 microgranite 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 (1966¢) in which he suggested that the changes in composition required to produce
the Rosses G1 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-G1 and G2 (Fig 6.10a) and (ii) G3-porphyry-G4 (Fig
6.10b). The microgranite of (i) started precipitation in the plagioclase volume, but
quickly included alkali feldspar as the plagioclase-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.

6.5 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-Sr, 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) Quter unit. This stage has been modelled from 60.6% to 63.2 % SiO2. 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 % SiO2. 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 % SiOp. 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 (ARDIF) is taken from the outer margin and
the target sample (ARD 1E) is from the inner margin. The 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 % SiO2) and the target
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sample is ARD4 (69.47 % SiO2). 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 REE
modelling compared to the major element modelling.

In the inner unit, the start sample is ARD13 (69.3 SiO2) and the target sample is
ARD 11 (72.18 SiO2). 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 Rb/Sr (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 Rb/Sr value of the target
sample. These were compared to the actual values in Fig 6.16. The results are summarised
below .

QOuter 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) 5i02 and DI 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) Rb/Sr ratio decreases from the outer margin to the inner margin ; 0.39 to 0.17.

(3) Modelled Rb/Sr 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) Rb/Sr decreases and SiO2 and DI increase from the outer to inner margin. Thus in

terms of SiO7 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 5iO2 (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) Si0O2, 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.

6.54 Discussion

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 closed 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 Kdg; 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
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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

(TC)

Rock type QvizD oMZD
Sio2 60.57 63.22
Tio2 0.91 0.84
Al203 17.82 16.65
Fe(tot) 4.84 4.35
MgO 3.28 2.76
Ca0 4.06 2.97
Na20 4,52 4.1
K20 3.47 4.15
Total 99.47 99.04

Mineral extract proportion

Pl :52:5 Ap :05

Bi: 20.5 Mag: 1.5

Hbl :14 Sph:2

Ksp : 9

Target model
(TM)

63.23
0.77

17.44
3.87
3.19
3.51
4.53
3.48

100.02

Different
(TM-TC)

0.01
-0.07
0.79
-0.48
0.43
0.54
0.43
0.67

% precipitation : 22%

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
(TC)
Rock type QviZD Granodiorite
Si02 62.6 68.55
Tio2 0.7 0.38
Al203 16.8 15.58
Fe(tot) 4.2 2.62
MgO 2.6 1.85
Ca0 3.6 2.09
Na20 4.3 4.51
K20 3.4 .75
Total 98.2 99.33

Mineral extract proportion

Pl : 50 Hb : 11
Bi: 19.5 Ap : 0.5
Ksp : 15.5 Sp:2
Mag: 1.5

% precipitation : 36%

Target model
(T™)

68.52
0.33
15.34
2.33
2.27.
2.54
4.29
2.92
98.54

Different
(TM-TC)

-0.03
-0.05
-0.24
-0.29
0.42
0.45
-0.22
-0.83

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).































































































































































































































































































































































































































































































































































































































































