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ABSTRACT.

This study is concerned with the petrological, mineralogical and geochemistry of
the Donegal granites, Ireland. The granite plutons are : Thorr, Rosses, Ardara, Fanad,
Barnesmore, Main Donegal and Trawenagh Bay which intruded into Late Precambrian to
Cambrian Dalradian metasediments ranging from pelites, quartzites to marls.

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)(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 Donegal granites are generally 'I' type and more specifically T type
Caledonian. An apparently 'S' type characteristic granite is evident in the contact facies
of the Thorr and the G4 of the Rosses where the granitic magma interacted with the
pelitic rafts or xenoliths and late stage fluids respectively. Thus these 'S' type rocks do
not suggest a sedimentary origin but rather a late stage modifcation of T type magmas.

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 secondary mineral in the felsic plutons
(Rosses, Barnesmore, Main Donegal and Trawenagh Bay) and in the contact facies rocks of
the Thorr granite. According to the Quartz - Alkali feldspar - Plagioclase classification
of Streckeisen (1967) the rock types of the Donegal granites range 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) over ilmenite
suggesting that the Donegal granites belong to the magnetite series of Ishihara (1977).
This is comparable with the 'T' type classification of the Donegal granites (e.g.
Beckinsale 1979).



The main similarities between the Donegal granites and the Caledonian granites
of the British Isles are:
(1) The Donegal and Caledonian granites are calc alkali.
(2) The Donegal granites show characteristics similar to the Argyll suites rocks from
the Mainland Scotland , viz they are high-K calc alkali, and have high Ba and Sr

contents.

The geochemistry of the Donegal granites shows that each pluton has a specific
character , the notable features are high Ba and Sr of the Fanad , high Rb and low Ba,Sr,
Zn and Zr of the Barnesmore and Rosses. The Rosses and Barnesmore rocks plot in the low
Ba-Sr granite field of Tarney and Jones (1994). Based on the major and trace elements
data, the Donegal granites can be divided into three groups i.e. (1) the most felsic group
consists of Barnesmore and Rosses plutons (SiO2 : 70 - 79% , mean 74.42%) , (2) the felsic
group consists of Trawenagh Bay and Main Donegal plutons (SiO2 : 65 - 75% , mean
71.43%) and (3) the mafic group consists of the Ardara,Fanad and Thorr plutons (SiO2 : 52

- 72% , mean 64.5%). Each pluton is made up of individual melt which can be modelled
separately. However a continuous trend shown by some of the bivariate plots (e.g Rb/Sr
vs Si07) suggests that a connection exists between all the rocks (magmas) at some stage of

their magmatic evolution.
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CHAPTER ONE
GENERAL INTRODUCTION

1.1 INTRODUCTION AND AIMS

This study considers the geochemistry of the late Caledonian granitic rocks of
northwest and central Donegal, Eire. There are 8 granite plutons : Thorr , Rosses , Ardara,
Fanad, Main Donegal, Trawenagh Bay, Barnesmore and Toories. Although the Donegal
granites have been subjected to major field studies (e.g. Akaad 1956a ; Pitcher 1953a,
1953b ; Pitcher and Read 1959, 1960a ; Gindy 1953b ; Whitten 1957b, 1959b) summarised in
Pitcher and Berger (1972), very little work has been published on geochemical aspects of
the granites.

Out of the eight granite plutons, only the geochemistry and mineralogy of
Barnesmore (Dempsey 1987, O'Connor 1990) and Thorr (Oglethorpe 1987) have been
studied in detail. Dempsey (1987) provides more than 300 rock analyses of major and trace
elements. Oglethorpe (1987) studied the interaction between Thorr granite and the host
rock and provides about 250 major and trace element analyses of the Thorr granite. Yarr
(1991) studied the appinite suite associated with the Ardara pluton, and provides about
40 analyses of the major and trace elements analyses of the Ardara granite.

Early studies which included some geochemistry of the Donegal granites were
the classic works of Mercy (1956, 1960 a,b) on the Thorr and Rosses plutons, and Hall
(1964, 1966b,1966d, 1967a,) on the Rosses and Ardara plutons. Mercy only provided major
element analyses of the rocks of the Thorr and Rosses plutons whereas Hall studied both
major and minor elements of the rocks of the Rosses and Ardara plutons. Unpublished
geochemical analyses (major element) for the Main Donegal pluton (21 analyses) were
obtained from Curtis (in Atkin 1977).

A complete geochemical based study which comprises data for all the Donegal
granites does not, as yet, exist. Such a study, combined with the the previous detailed
field based studies (e.g Pitcher and Berger 1972), is an important step to fully constrain
our understanding of the evolution of the granites in the Donegal region specifically, and

to improve our knowledge of Caledonian granitic rocks in general. Therefore the aims of



the present study are:

(1) to provide a systematic study of the geochemistry, petrology and mineral
chemistry of the Donegal granites,

(2) to model the evolution of the granites: each of the plutons will be modelled
separately using the major, trace and REE data,

(3) to classify the granites: The granites will be classified by using the different
criteria of granite classification,

(4) to correlate and compare the granites with other Caledonian granites of the
British Isles ,

(5) to place the granites into their proper tectonic setting.

1.2 METHOD OF STUDY AND SAMPLING

Systematic work for this project began with the collection of data on the
geochemistry and mineralogy of the Donegal granites from previous theses and papers.
The data is presented in Appendix 3. These analyses will be used throughout this work
along with those done in the present study.

The first stage of sampling was directed by Professor W.S.Pitcher. During this
stage we recollected samples from the same localities he used with B.W.Chappell in
1987. Thirty samples covering nearly all the granites were collected. The second stage
was carried out from June 1994 to August 1994 and over 150 granite samples were collected
for analysis. The distribution of samples is: Ardara (18), Main Donegal (30), Trawenagh
Bay (9), Rosses (30), Fanad (31) and Thorr (10). The location of these samples is given in
Appendix 7. No samples were collected from the Barnesmore pluton because a substantial
amount of geochemical analysis already exists (major, trace and REE) (Dempsey 1987 ;
O'Connor 1990).

All the previous geochemical and mineralogical data are presented in Appendix
3. The mineralogical and geochemical data from the present study are presented in
Appendix 4 and 5 respectively. Samples were analysed for major oxides and trace

elements by XRF (X- Ray flourescence) and rare earth elements by ICP (Inductive Couple




Plasma, see Appendix 1), in the Department of Earth Sciences, University of Liverpool.
The mineral chemistry of selected samples were determined by electron microprobe at the

University of Manchester (Appendix 1).

1.3 THESIS OUTLINE

Chapter 2 reviews the field relations of the Donegal granites. The petrology of
the granitic rocks are given in chapter 3. At the end of the chapter, some of the important
petrological aspects of the Donegal granites will be discussed. Chapter 4 is a mineral
chemistry study of each of the major (plagioclase, alkali feldspar, hornblende, biotite,
muscovite ) and accessory (epidote, apatite, sphene, Fe-Ti oxide, garnet) minerals.
Where possible,the variations within the plutons are described.

Major, trace and REE geochemistry are presented in chapter 5. The geochemistry
is described and discussed in term of intrapluton and interpluton variation. This chapter
also compares the geochemical data of the Donegal granites with other Caledonian
granites from the British Isles. Modelling of the geochemical data (major,trace and rare
earth element) are presented and discussed in chapter 6. The possible tectonic setting of
the Donegal granites as part of the Caledonian granites of the British Isles is discussed in
Chapter 7.

The classification of the Donegal granite is presented in chapter 8. This chapter
first reviews the classifications of granitic and associated rocks used worldwide. The
second part of this chapter is the application of some of these classifications to the
Donegal granites. The final chapter (chapter 9) draws together the conclusions reached
during this study and possible lines of future works are highlighted. Appendices 1 to 7
present the geochemical and mineral data, methods and operating procedures used in this

study.



CHAPTER TWO
FIELD ASPECTS OF DONEGAL GRANITES.
2.1 INTRODUCTION.

The Donegal granites are located in the north west of Ireland, in County Donegal,
Ireland (Map 2.1). They are part of the Caledonian granites of the British Isles and cover
an area of approximately 1150 km?2: The Donegal granite batholith consists of a series of
rocks ranging from diorite - monzodiorite - granodiorite - granite (s.s) to aplopegmatite in
composition emplaced as eight separate plutons within a short time span (~20 Ma , 392 to
418 Ma). Based on their field relations (Pitcher and Berger 1972), the plutons (Map 2.2) in
order of decreasing age, are Thorr (Toories), Ardara, Rosses, Main Donegal and
Trawenagh Bay with Fanad and Barnesmore forming separate bodies unplaced in the

sequence due to lack of correlation in field relations with the other plutons.
The granites show a variety of emplacement styles according to Pitcher and
Berger (1972) : Thorr and Fanad granites were emplaced by stoping, Barnesmore and
Rosses by cauldron subsidence ; Ardara and Toories by diapirism or in situ ballooning;
Trawenagh Bay possibly by piecemeal stoping and Main Donegal granite by lateral
wedging combined with horizontal stretching along a shear zone. Hutton and Alsop
(1996), after restoration of the 34 km sinistral Leannan fault, showed that five (Thorr,
Rosses, Ardara, Barnesmore and Trawenagh Bay) out of eight of the Donegal granite
plutons were related to a single lineament, approximately N12°E. Associated with these

granites are appinites and dykes suits of lamprophyres and felsites.

2.2 THE COUNTRY ROCKS.

The Donegal granites were intruded into rocks of late Precambrian to Cambrian
age belonging to the Dalradian Supergroup. The main rock types in the Dalradian
supergroup are quartzite, semipelite, pelite and limestone. The contacts of the batholith
with the country rocks are usually sharp.

Regionally the Dalradian basin extends from Donegal to the Grampian

Highlands of Scotland. In NW Donegal the Dalradian lithologies were divided into two
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main successions i.e. the Creeslough and the Kilmacrenan succession (Pitcher and
Shackleton 1966) (Map 2.3) . The Creeslough succession is exposed mainly to the north
west of the Main Donegal granite. It includes the former Creeslough (e.g.McCall 1954 ;
Knill and Knill 1961), Maas (e.g. Akaad 1956 ; Gindy 1953) and Fintown successions (e.g.
Pulvertaft 1961 ; Cambray 1969a,b). The Creeslough succession has been intruded by
Thorr, Trawenagh Bay, Main Donegal, Ardara and the eastern part of Fanad plutons.

The Kilmacrenan succession was divided into two main facies i.e. the northwest
facies generally occurring northwest and southeast of the Lennan fault and the Central
Donegal facies present mainly around the Blue Stack mountains (Pitcher and Berger
1972). The northwest facies forms the country rock of the eastern part of Fanad pluton and
the central facies has been intruded by the Barnesmore pluton.

Both the Creeslough and Kilmacrenan successions were intruded by thick and
thin quartz dolerite (now metadolerite) (Map 2.4 ) prior to, and during the early stage of

Dalradian deformation.

2.3 THE THORR PLUTON

This pluton is the oldest member of the batholith. The boomerang shaped body
was estimated to be 40 - 45 km long and have a maximum width of 30 km (Evans and
Whittington 1976) and is the second largest granitic body in Donegal. It is bounded by
Trawenagh Bay and Main Donegal granite in the south, Ards quartzite in the east and
has been intruded by the Rosses ring complex to the west (Map 2.2). In addition to the
main outcrop, there are smaller ones to the south at Lettermacaward, a strip of deformed
tonalite gneiss at Carbane Hill near Glenties and a strip of quartz diorite along the
northern edge of the Main Donegal granite (Pitcher and Berger 1972). The pluton also
occurs as several off shore islands west of Donegal such as Gola, Tory and pa.rt of Aran
island.

The Thorr pluton is normally but asymmetrically zoned ; the northwest part of
the pluton (the Gola granite of Whitten,1957) consists of granite (s.s) and grades

outwards to granodiorite, to diorite, mainly towards the south and southwest. (Map 2.5).
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No contacts have been found between these facies (Pitcher and Berger 1972).

2.3.1 Subdivision of Thorr

Pitcher (1953a) was the first worker to note that the rocks of Thorr pluton have a
different mineralogical character in contact zones, 5to 10 m wide around semipelitic and
pelitic rafts. Following this observation Scott (1974) divided the Thorr granite into two;
‘contact’ and 'mormal’ facies. He showed that epidote, sphene, microcline and hornblende
increased and muscovite decreased from the ‘contact’ to the 'normal’ facies.

Using field, geochemical and petrological criteria Oglethorpe (1987) has further
divided the Thorr granite into 4 types , namely:

(1) hornblende-bearing normal facies,

(2) hornblende-free normal facies,

(3) transitional facies (transitional between normal and contact facies),
(4) contact facies rock occurring around pelitic or semipelitic rafts .

The hornblende-free normal facies is the Gola facies of Whitten (1966) and occurs
in the NW of the pluton. It is mainly granitic (s.s.) in composition and lacks hornblende.
This facies grades continously into the granodiorite to diorite hornblende-bearing normal
facies towards the south (Map 2.6). The 'contact' facies is found mainly in the southern
part of the pluton which contains numerous rafts (0.5 m to 1.6 km) and xenoliths (less than
0.5 m) of variable sizes. Here, the hornblende-bearing normal facies gradually changes in
mineralogy and chemistry to the transitional facies type and then to the contact facies
type in a zone some 5 to 10 m around pelitic and semi-pelitic rafts. In this thesis

Oglethorpe's four facies outlined above will be used.

2.3.2 Rafts, xenoliths and other inclusions in the Thorr pluton.

The inclusions in Thorr granite range from xenoliths (< 0.5 m) to rafts (0.5 m to 1.6
km) size. The latter are clearly composed of recognizable lithologies identifiable as part
of the sedimentary succession in the envelope. They occur in the southern part (Map 2.5)

of the pluton where the Thorr granite is dioritic in composition. Their distribution and




individual horizons can often be traced along the strike from raft to raft in a similar
manner to the stratigraphy of the country rocks. This is referred to as Ghost Stratigraphy
(e.g.Pitcher 1970). Pitcher and Berger (1972) suggested that the blocks of country rock
were ‘stoped' nearly in situ , as congealing of the magma occurred. The abundance of rafts
at the southern part of the pluton is taken as evidence of proximity to the roof.

Apart from the rafts and xenoliths of country rocks above, other types of
inclusions in Thorr are fine grained discoidal or ellipsoidal mafic patches generally
ranging in length from 10 to 25 cm and width of 2 to 7 cm. In addition to these, elongated
streaks (schlieren) rich in biotite and hornblende are common. Pitcher and Berger (1972)
suggested that these clots/schlieren may not be of local origin, but represent a residuum

from the partial melting process by which the magmas were generated at depth.

2.3.3 Interaction between Thorr magma and the pelite and semipelite.

The interaction between granitic magma and pelitic rafts has been studied in
detail by Oglethorpe (1987). He found that both the granitic and pelitic rocks have
changed near the contact with each other. Among the features which develope in the
pelitic rocks are : (1) rapid growth of new thermal metamorphic minerals , (2) loss of
water , (3) mobilisation of the rock and leaching of silica , and (4) progressive loss of
graphite. The changes that occur in the granite are (1) disappearance of hornblende and
appearance of muscovite , (2) change in biotite colouration and chemistry, (3) an increase
in the modal propotion of silica , (4) an increase in the plagioclase/alkali feldspar ratio
at the contact, (5) crystallisation of a different set of opaque and accessory minerals , and

(6) growth of quenched apatite containing fluid inclusions.

2.3.4. Field evidence of the origin of the Thorr pluton.

Conflicting hypotheses were proposed by previous workers on the origin of the
Thorr pluton. Gindy (1953) favoured a metasomatic origin together with small scale
remobilization. Whitten (1955) suggested a trangressive igneous action coupled with

marginal granitisation whereas Pitcher (1953a) described evidence for both granitisation



THORR PLUTIN with— e~ e

- Sl
—— .
| very fex or no xpng. ths -

=3 -
-

iTmunGnty  pelfic  xenaiiths f Tary \

. island

Femur2ly  psamm 4o ang calcarecus xenchiths Y

\

’ I.

¢ i

]

{ Ctrer grande piutons /

\
digrment af gark minercls A
on horizental surfaces ; |

Limit of aurecie of
Thorr Pluton

!
Thne Stag Rocks .

Argnmare

MAP 2.5: Outline map of the main part of the Thorr pluton showing
contacts, the limits of the aureoles and the regional trend of the mineral
foliation (after Pitcher and Berger 1972).




-

o
LR D

Inishmeane

D
facies \

% <\ Q
~_ HORNBLENDE — FREE / XN

~

{
. THORR GRANITE |
\

Owentully

centre

MAIN

DONEGAL
TRAWENAGH
BAY
]

/
e e

> 1% modal hornblende
0 - 1% modal hornblende
no hornblende

“continuous tract of hornblendefree
contact facies granite

HB
4%

% 57 0
TS

MAP 2.6: Areal distribution of hornblende bearing and hornblende free
facies of the Thorr granite (after Oglethorpe 1987).




and an intrusive origin. On geochemical evidence, Mercy (1960a) supported a
granitisation hypothesis but later (1963) proposed the granodiorite to be magmatic.
Scott (1974) suggested that the pluton was magmatically emplaced by stoping.
Oglethorpe (1987) also supported a magmatic origin of the pluton and showed evidence of
in situ fractionation from the basic margin to felsic core .

The foliation of mafic minerals (Map 2.5) and abundant mafic clots and dark
schlieren can be explained as due to magmatic flow. Scott (1974) found that the mineral
alignments in the granodiorite and many of the enclosed schlieren appear to be deflected
around some of the larger xenoliths. In conclusion, the Thorr pluton is of magmatic origin
and is not the result of granitisation nor metasomatic process as was previously suggested
(Gindy 1953 ; Mercy 1960a ; Pitcher 1953a). This pluton also shows a classic example of
interaction between granite magma and country rock (Oglethorpe 1987). The interaction
did not play a significant role in modifing the overall 'granite’ composition as the effect

of the interaction is only seen within 5 to 10m around the rafts or xenoliths.

2.4, THE ROSSES PLUTON.

The pluton forms a ring complex and is intruded into the older Thorr pluton (Map
2.2). The main body of the granite consists of 4 units, G1 to G4 and is generally medium to
coarse grained (Map 2.7). There is a peripheral group of arcuate, steeply inclined
microgranite sheets and a swarm of porphyry dykes. The porphyry dykes were intruded
only after the G2 ring granite, they did not intrude G3 and G4 (Map 2.7) and are thought

to represent the quenched magma of G2 and G3 (Pitcher and Berger 1972 , p 197).

2.4.1 The main components of The Rosses pluton

Pitcher (1953b) suggested that the order of emplacement of the ring complex is as
follows (Map 2.7) :
(1) microgranite sheets ranging from grey biotitic rocks to much paler varieties,
(2) medium grained granite (G1) which now forms the outer ring, a slightly earlier and

finer grained outer portion (G1A) is locally present,




(3) coarse grained granite (G2) which forms an intermediate ring,

(4) north-south trending porphyry dyke swarm,

(5) medium grained granite (G3) forming the central mass,

(6) muscovite rich granite of G3 (Map 2.8) and a separate intrusion of G4 forming small
bosses and several dykes.

The first intrusions of the Rosses complex were the sill-like bodies of
microgranite. These microgranite sheets have a broadly tangential disposition to the
Rosses complex. Pitcher (1953b) suggested that their orientations were a response to
tensional stress in the country rock produced by the doming effect of the upwelling magma
beneath.

After that stage cauldron subsidence, with foundering of the area within ring
faults, permitted the intrusion of medium grained G1 granite which truncates the early
microgranites. The contact between G1 and the Thorr granite is generally sharp and
steeply (60° to 70°) dipping outwards. It is marked by a decrease in grain size or
pegmatitic growth of minerals on the contact surface and is sometimes bordered by thin
microgranite (Fig 2.1). Veining with late thin quartz veins sometimes occurs. Inclusions of
the Thorr rocks in G1 are rare. Though the greater part of the outer contact is between the
medium grained granite G1 and the Thorr pluton, a fine grained granite G1A, locally
takes the place of G1. GIA was regarded as being the outer portion of G1. Pitcher (1953b)
reported only traces of an inner contact between these granites. G1A can be found mainly
in the NW and NE of the pluton (Map 2.7).

G2 was intruded in a similar manner to G1. G2 is a coarse grained granite and the
contact between G1 and G2 is often transitional sometimes up to 100 meters. Where the
contact between them is sharp, it is marked by zones of pegmatitic alkali feldspar
projecting into G2. The veining of one granite by the other is never seen.

The intrusion of G2 was followed by the intrusion of a series of N-S trending
porphyry dykes. Although they maintain a north-south trend, the dykes tend to fan out
away from the centre of the complex and silmultaneously thicken. This has been

interpreted as being compatible with tensional strain being applied by the upwardly
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FIGURE 2.1 : Sawn slab showing the contact between Thorr granite (T) and G1 of the
Rosses (G1) complex. Microgranite (Mg) at the contact contain Thorr mineral (Tm).

Late quartz vein (q) cut The Thorr granite, microgranite and Rosses granite (Scale bar =
2 cm).

C St D

FIGURE 2.2 (a,b,c,d) : Sawn slab of Rosses components ; (a) G1, (b) G2, (c) G3 and (d)
(4 (Scale bar = 2 ¢cm)




pressing magma below. The contact between G2 and G3 on a small scale is highly angular
Pitcher (1953b).
Hand specimens of G1, G2, G3 and G4 are shown in Fig 2.2(a,b,c,d). G1, G2 and G4

are essentially medium grained whereas G2 is coarse grained.

2.4.2 Muscovite granite

Muscovite granite forms about 2 % of the total area of the Rosses complex.
Harvey (1969) divided the muscovite granite of the Rosses pluton into four distincts units
based on field characteristics (Map 2.8).
(1) A sporadically muscovite-bearing facies of G3 occurring as a broad marginal belt
at the southern end of the G3 outcrop. This marginal variant grades imperceptively into
the normal G3.
(2) Muscovite granite facies within G3. Two muscovite granites of irregular form
occur NW of G3. The largest is about 3.2 km from the G2/G3 contact at Sheskinarone to
the same contact east of Meenbanaad Lough (Map 2.8). A second smaller body occurs south
of the first Muscovite-granite outcrop. The contacts of these muscovite granite bodies
within the enclosing biotite granite G3 are gradational.
(3) The discrete body of G4. G4 was mapped by Pitcher (1953b) and represents the
final intrusion of the main granite complex of the Rosses. The outcrop is a nearly circular,
1.5 km in diameter on the low hill of Altcrin.
(4) Muscovite granite dykes intruding G3. Minor dykes of fine grained muscovite
granite occur intruding both biotite - and muscovite granite. The dykes tend to strike
mainly east-west.

Harvey (1969) showed that the muscovite granite developed from the biotite
granite by metasomatic alteration of existing minerals following the separation of an
aqueous phase in the late magmatic stage during the crystallisation of the terminal

biotite granite magma.
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FIGURE 2.3 (a,b) : Sawn slab of the (a) quartz monzodiorite of the outer unit of the
Ardara granite showing strong mineral foliation and (b) granodiorite of the
intermediate unit , which is finer grained compared to (a). (Scale bar = 2 cm).

FIGURE 2.4 (a,b,c,d) : Sawn slab of the granitic rocks from the Fanad pluton. (a) coarse
grained quartz monzodiorite Fanad peninsula, (b) quartz monzodiorite from Rosguill ,
(c) quartz monzodiorite from Melmore and (d) granodiorite from Rosguill (Scale bar =

2.5 cm).













































































































































































































































































































































































































































































































































































































































































































































































































































































































































