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SUMMARY OF GEOIOGY

The Dalredian schists of North-eastern Perthshire range from
the Blair Atholl Series to the Pitlochry Schist and contain epidiorite
gills. From the "Flat Belt" to the Ben-y-Gloe Belt their structure
has been interpreted by Bailey (1925) who suggested thet the rocks
were folded on N.,E.-8.W, axes, but that folds belonging to various
phases of the Caledonian orogeny could be recognised., He also
invoked sliding to explain stratigrarhical discordances. In few
other parts of the Southern Highlands does a solution based on
stratigraphic mapping present greater difficulties than in north-east
Porthshire, This thesis shows that certain of these difficulties are
resolved by the recognition of a complementary fold system on N.W.-S.E.
axes. BEvidence of this trend as well as the different types of folds
on "Caledonoid" axes is given by the minor structures of the area.

Several episodes of igneous activity followed the folding. The
eerliest was the formation of the Duchray Hill Gneiss from pert of
the Ben Lui Schist. This was followed by the intrusion of the Glen
Shee Diorite and the Carn Mor Gramodiorite. Finally the metasediments

were cut by suites of lsmprophyre and felsite dykes.



I INTRODUCTION

location of Arsa

The area which covers about 55 square miles lies in the eastera
part of the Grampian mountains and is centred about the Spittal of
Glenshee (see Fig. 1).

Geplogically the limits of the area are marked on the north by
the southern flank of the Ben-y-gloe - Socach Belt of Quartzite from
Ioch Loch to Loch nan Eun and at the sastern end by the northern
margin of the Cairmwell Quartzite. The northern limit of the area
cuts across several intervening formations to link these two boundaries.
The eestern march follows the eastern outecrop of Cairmwell Quartzite.
From the south-ecastern corner of the Cairmwell Quartzite the boundary
outs across the Ben Eagach and Ben Lewers Schists to the Glen Shee
Diorite which it follows till it reaches the northern boundary of the
Ben Lui Schist. It continues along the latter round the southern margin
of the area as far as the Glen Fearnach Fault. The south-western limit
of the area follows the fault for the rest of its length and then cuts
across the Killiecrankie Schist to the southern end of Loch Loch,

Of major interest in the area is the fact that over the greater
part of it the strike of the rocks trends at right’angles to that normal
in the Dalradians. This feature and the corresponding bulge of the
Lower Dalradians towards the south-east into the Upper Dalradians of the
"Flat Belt" are both rare enough in the Fighlands to demend more detailed

investigation then has hitherto been carried out.
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Physical Features

As the area lies at the eastern end of the Grampian mountains it
forms part of the less dissected Highland plateau where the only lochs
are corrie lochs. Much of the high plateau remains as broad level
moorlands vcu't into by deep glens and scarred by gigentic corrie cliffs.
The relief ranges from 3,500 feet to 1,000 feet ﬁhich is the lowest
vlevel to which the glens have been eroded.

The ares can be divided into three parts according to the directions
in which the rivers and mountain ranges run. In the north the grain
follows the N.BE.-8.W. trend common to the greater part of the Kighlends.
This part covers Glen Mhor and the Ben-y-gloe - Socach range. The grain
of the eastern region, which comprises Glen Beag and the mountains to
"the east of it, follows a N.NJE.-S.8W. trend and merges gradually into
the NE.-S W, trend of the northern ground. The eastern and southern
regions, however, which form most of the area, tremd in a direction
I\_I.W.-S ., which is at right angles to that usual in the Highlands.
These differing trends are of course _reflections of the control exerted
on the local drainage by the strike of the formations which varies in
a roughly corresponding manner,

The main rivers, the Shee and the Fearnach, flow south-east. They
are probably original consequents on the Highlend plateau but have ne
doubt been helped in their development by the trend of the rock

formations in the south-eastern regions.

The topography of the less dissected plateau is disadvantageous



geologically since exposures are poorer then in the more rugged
country found further west. The hills are rounded with grassy slopes
and the glens are floored by glacial deposits. Peat also covers
large uplend tracts. Even the corries are filled by rock debris and
peat although cliffs often form their heads. Streem sections are
generally poor but tend to improve towards the west. Exposures are
generally sufficient to trace groups but not individual layers or

the pitch of the larger isoclinal folds.
Methods

The area was mapped on the scale of six inches to one mile on
the sheets of the Ordnance Survey. Aerial photographs on approximately
the seme scale were used, where A‘possible, for the location of position.
Particular attention was paid to the minor structures, both fold plunges

and lineations being measured.

History of Research

Earlier work in the area has been scanty. Apart from incidental
allusions by older writers such as Nicol and Macnair the first important
work was carried out by the Geological Survey at the begimning of this
century, when the whole district was mapped on the six-inch scale and
the results published as sheets 55, 56, 64 and 65 of the one-inch map
of Scotland. All the sheets except Sheet 56 are accompanied by
explanatory memoirs. |

G. Barrow was responsible for the mapping of all the present area.



Kis reading of the succession was accepted by A. Geikie (1891) end
differs from that now gemerally accepted only in his assumption that
the Blair Atholl Series were the youngest rocks and‘ the Pitlochry
Schist the oldest. MNe recognised that the Blair Atholl and Loch Tay
Limestones were distinct and separate formations instead of being the
seme as had been thought for many years.

As regards structure Barrow believed that the major folding was
of an open nabure but explained tectonic thinning and thickening by
a process which he called "Concertina Folding", in which each group
was formed by repeated isoclinal folding of a single thin bed on
itself like the bellows of & concertina. The process was accomplished
without the neighbouring groups being affected because of decollement
along the junctions. Me arrived at this conclusion by observation of
the omnipresent isoclinal minor folding but failed to realise that
isoclinal folding could also explain the major structures. HNevertheless
Barrow's contribution to Highland geology in general was very great
and no praise can be too high for his lithological mapping except where
he has been misled by his reading of the structure.

Cunninghsm~Craig and Grant Wilson (1905), who were colleagues of
Barrow on the Survey, beliesved however that the Perthshire Quartzite
was later then and overlay the other groups umconformebly, and that
the Ben Eagach and Blair Atholl Black Schists were one snd the seme
formation. They held that all formations were folded openly and that
the unconformity below the quartzite explained the juxtaposition of

various formetions.



Gregory (1910) realised that the Carn Mairg and Schichallion
Quartzites were distinct formations though he failed to recognise
that they were separated by the Killiecrankie Schist. Gregory also
believed that the Ben Eagach Schist was part of the Blair Atholl
Series and that the latter lay between the two Quartzites.

Bailey (1925 and 1928) furnished two valuable papers on the
area after a few weeks rapid work. His approach was largely strati-
graphical but based on the reé.lisation that recumbent isoclinal folding
on a Caledonoid axis was the main factor in controlling the distribution
of the formations. HMe believed that the folding was accompanied by
sliding which he had already postulated in the south-west Eighlands
to explain the cutting out and thinning of formations. Both the
recunbent folds and the slides were later folded more gently on similar
axes« Bailey also clarified the positions of the various groups, thus
tidying up Barrow's mapping. He recognised the Killiecrankie Group
where it was bounded by slides so thet neither quartzite formation was
present. He also subdivided the Blair Atholl Series into two groups,
the Pale which is the younger thus coming against the Schichallion
Quartzite and the Dark which is the oldest of the Dalradian rocks.

Since Bailey's work little has been done on the Dalradiens but
Williamson (1935) studied the formation of the Duchray Eill Gmeiss from
the Ben Lui Schist and also the intrusion and contract metamorphism
induced by the Glen Shee Diorite. Wiseman (1934) also referred to the

area in his paper on the epidiorites of the Dalrasdians.



IJ. THE DALRADIAN SEDIMENTARY SUCCESSION

Description of the Succession

The Dalradian sedimentary rocks have been divided into seven
groups nemed from their dominant lithological componsnts. The
sequence is best established in eastern and central Perthshire which .
provide most of the locality names, but it can be recognised across
Scotlend and some members can be traced in the Dalradians of Ireland.
Over such a wide area there are inevitable lithological and metamorphiec
variations and in the South-Vestern Highlands and Banffshire local
nzmes are frequently used to designate gréups equivalent to some of
those in Perthshire. |

The succession is assumed to be a continuous sedimentary one
because of the wide extent over which it holds, but the rocks have
undjergone such deformation that few, if any, of the contacts can be
said to be sedimentary. Similarly tectonic thickening end thimming
have progressed so far that estimates of the thicknesses of various
groups cen have little value.

In the past there has been widespreed disagreement on the order
of the Dalradian succession between the proponents of the "Tay" and
"anti-Tay™" orders. Briefly the Tay order was an ascending one from
the Highland Border since at ths northern side of the Flat Belt the
Pitlochry Schist can be seen to dip under the Loch Tay Limestone and

tThe latter in turn under the Ben Ilui Schist. This also holds for



various more southerly Dalradian zroups such as the Leny and Ben
Ledi Grits.

The believers in the "anti-Tay" order pointed out that the
Dalredian group which rests on the lMoine Flags was the Blair Atholl
Series and so it is the oldest member with the Perthshire Quartzite
following it. The actual junction between the Moines and Dalradiens
is nearly everywhere tectonic although this has often not been
recognised till recently, e.ge. by King at Braesmar and Rast at
Schichallion. The tectonlc nature of the Mcine -~ Dalradian boundary,
however, does not alter the fact that the Dalradians nearly everywhere
rest on the Moines and that the succession is a sedimentary one which
has suffered movement during folding so that meny points are not in
contact with their original neighbours.

The contrasting hypotheses reflect the style of tectonics favoured
by individuals. Those who believed that large scale inversions of
the Dalradian sequence were impossible, such as Barrow, Geikie, Curmingham~
Craig and Wilson, thought that the Tay order was correct, following
the law of superposition. Bailey and his followers had already pro-
pounded the existence of large scale recumbent folds to explain the
structure within the Dalradiens so found no difficulty in accepting
thet the rocks of the Flat Belt were inverted.

For a long time there was no simple answer to this controversy
until the use of current and graded beddingz was applied. This demon-
strated that the rocks of the Flat Belt form the inverted limb of en

extensive recumbent fold with steeply packed folding. Bailey also



showed by graded bedding that the Ben Eagach Black Schist is younger
than the central Kighlemd Quartzite.

In eastern Perthshire the only considerable variant from the
standard succession of central Perthshire is that the Perthshire
Quartzite is represented by the Cairmwell Quartzite which has certain
characteristics which link it to both the Schichallion and Carn Mairg
Quartzites. The Killiecrankie Schist, a quartzose garnetiferous mica
schist, which is the central member of the Juertzite Series, is lacking
sltogether in the Cairmwell Belt which is at a higher structural level
than thet at which the Quartzite Series is normally seen. The Cairmwell
Quartzite in places is separated by less than quarter of a mile across
the strike from the Killiecrankie Schist which is the only representative
of the main Perthshire Quartzite outcrop, the Schichallion end Carn
Mairg Quartzites being cut out by slides. In the Ben-y~gloe Belt to
the north the Schichallion Quartzite is the only member of the series

present.

The full succession ist=-

7. Pitlochry Schist
6. ILoch Tay Limestone
5. Ben Lui Garnetiferous Mica Schist
4. Ben lLawers Calcareous Schist
3. Ben Eagach Black Schist
) ‘ c) Carn Mairg Quartzite Cairmwell Quart-
2. Perthshire Quartzite Series b) Killiecrankie Schist zite in Bast
) Schichaellion Quartszite
¢) Schichallion Boulder Bed

Pale Group b) White Limestone :

l. Blair Atholl Series a) Banded Group ’

b) Dark Limestone

D
ark Group a) Dark Schist
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1., Blair Atholl Series

There are two main outcrops of the Blair Atholl Series in the area.
The first of these is the eastward extension of the main Blair Atholl
Series outcrop which here outcrops in a narrow belt between the
Killiecrankie Schist and the Ben~y-gloe Quartzite. The southern
boundary of this outcrop of Blair Atholl Series has been recognised
as a slide by Bailey since the Killiecrankie Schist comes against the
Dark Group, though the latter is only differentiated in well exposed
regions. The northern margin on the other hand is a normal stratigraphical
one with the Schichallion Quartzite bounding the Pale Groupe

The second outcrop is enclosed by the Cairmwell Quartzite of the
Cairmwell Belt and in no place comnects with the Blair Atholl Series
of the main outcrop since the north-eastern end is cut off by the
Lochnagar Granite. North of the latbter reletions are obscured by the
Deeside Granites.

Bailey's Pale and Dark Groups can be distinguished fairly easily
in the area but the further subdivision of the sequence, as established
at Schichallion, is more difficult because of the gradual convergence
of the differentiating characteristics outwards from the type area.

The Dark Schist is a soft, dark finely crystalline biobite muscovite
schist in which graphite and iron ores vary greatly in quantity in the
different bendse. It can in places be black due to its graphite content
and weathers rusty because of its content of pyrites. In the latter
condition it is indistinguishable from much of the Ben Eagach Black

Schist. It has a bright lustre on the planes of schistosity which often
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show minute puckering and crumpling, the intersection of various
lineations and strain slip cleavage. It comes to outcrop only in a
thin strip along the southern margin of the main outcrop emd in a few
small areas in the Cairmwell Belt.

The Dark Limestone is always coarsely crystalline over the whole
of the area and is usually of & blueish-grey colour. In places such
as the Limestone Quarry on the south flank of the Cairmwell it can be
massive but is usually thin~bedded containing bands of impure calcareous
schist which give a ribbed appearance to a weathered face and highlight
the folding. It forms wide outcrops in the northern part of the Cairmwell
Belt in the form of lenticles and occupies a thin strip along the southern
margin of the main outcrop.

The Banded Group is a term, oripginally applied at Schichallion, that
does not accurately describe the rocks assigned to it in this area, which
are grey, rather quartzose and flaggy mica schists bﬁ'b are not sufficietly
quartzose to give a true banded appearence. It corresponds rather to a
paler variety of the Dark Schist and in places the two are separated
more on their associates than on their own characters. It forms the
central strip of the main outcrop and is spread throughout the Cairmwell
Belt,

The White Limestone is a group term and covers several varieties of
limestone, sometimes white saccharoidal marble or cream coloured with
dark micaceous stripes ("lafrow's tiger rock") or pale grey and very
impure and even mere caléa.reous schist. It forms the northern margin

of the main outcrop and is the predominant limestone of the southern part



of the Cairmwell Belt and is the only limestone of its eastern extension.
The Schichallion Boulder Bed is a massive very slightly calcareous
quartzose mica schist conteining pebbles or boulders of nordmarkite. It
has been found in this district in one locality only, about a mile south-
east of Cairmwell, where it is preserved in a fold at the eastern outcrop
of the Cairnmwell Quartzite. Xere it is only represented by the matrix,
a distinctive unbedded calcareous quartz mice schist which weathers in
honeycomb fashion. Pebbles are much less frequent in the eastern outcrop
of this bed which is generally accepted to be a tillite. Barrow records
o similar outcrop in the Cairmwell Belt to the north of the area.

2+ Perthshire Quartzite

The Perthshire Quartzite of the district occurs in three distinct
belts - the Tummel, Ben-y-gloe and Cairnwell Belts. Correlation can
only be made between the three when evidence from other districits is
taken into account since each belt shows only one of the three possible
rock types found where the Series is best developed.

The Ben-y-gloe Belt, as would be expected from its proximity to
the Pale Blair Atholl Group, is represented by the Schichallion Quartzite
which is a fine grained quartzite at its type locality but is more pebbly
farther east. In spite of the lateral variation it is however appreciably
less coarse than the typical Carn ligirg Quartzite, and Bailey correlates
it with the Schichallion Quartzite because of its apparent stratigraphical
contact with the Pale Blair Atholl Group and on its other side with
typical Killiecrankie Schist on Ben-y-gloe itself. No Carn Mairg Quartzite

is seen in the Ben-y-gloe Belt since that side of the quartzite which



comes against the Ben Eagach Schist is never present.

The Tummel Belt is represented in eastern Perthshire by the
Killiecrankie Group which is predominantly a quartzose garnetiferous
mica schist with only a few isolated occurrences of quartzite. Both
sides are bounded by slides, the Carn Mairg and Schichallion Quartzites,
which are both present in the Loch Tummel ares, being cut out by movement.
Lenses of quartzite also appear in the group, notably on the eastern
cliffs of Glas Tulaicheamn. The outcrops in the Glen Loch Burn are
predominantly quertzose, and are considered by Bailey to be near the
margin with the Carn Mairg Quartzite since a similar outerop is found
near the latter when it is present in the Twmmel Belt,

The Killiecrankie Group was not recognised when the Geological
Survey mapped this region so to render comparison possible with Sheets
55, 06, 64 and 65 it is necessary to explain how it was treated at that
time. Barrow coloured the rock of the Glen Loch Section as quartzite,
like the rocks at the head of Glen Fearnach, but he mapped the Glas
Tulaichean region as undifferentiated schist. HMe identified the tongue
rumning north-east from Glas Tulaichean, in common with the Ben Lawers
Schist and Blair Atholl Series on either side of the Killiecrankie
Schist, as Black Schist, but Barrow recognised that part of the outcrop
as in fact calcareous (Memoir 65, p.28). He also realised that the
Killiecrankie Group at Glas Tulaichean differed from other rocks of the
Eighland sequence and called it the Glas Tulaichean Schist but did not
assign it to any precise stratigraphical position.

The third belt, the Cairmwell Belt, is known only in its type area
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except for some small outcrops on the south side of Glen Shee which
are assigned to it. It contains rock types similar to those found in
both the Schichallion and Carn Mairg Quartzites but is chiefly formed
of a pebbly quartzite similar in character to that found in the Ben-y-
gloe Belt which is equated with the Schichallion Quartzite by Bailey.
The term pebbly quartzite as used in Scotland denotes a gritty rock
rather than one containing pebbles. In it, however, grains of quartz
and felspar are often more than quarter of an inch acrosse.

At its outcrop the Cairmwell Quartzite lies between the Ben
Eagach Schist, inte which it passes by way of a striped transition
group clessed with the Ben Eagach Schist, and the Blair Atholl Series
and so represents the whole of the Perthshire Quartzite Series although
the Killiecrankie Schist of the Tummel Belt is in places only separated
from it by a narrow outcrop of Ben Lawers and Ben Eagach Schists.

The question therefore arises whether the Cairmwell Quertzitbe. is
the equivalent of either one or both of the Schichallion and Carn lairg
Quartzites, the other members of the Perthshire Quartzite Series being
cut out by sliding, or whether it represents the whole sequence in which
the Killiscrankie Group is missing because of facies variation. Bailey
(1925) has pointed out v'tha'b there is no sign of a major discordance within
the Cairmwell Quartzite although there are zones of shearing, and hes
favoured the view that facies variation is the more likely alternetive.
When the Quartzite series is followed westwards from central Perthshire
similar changes of facies are found. In Isley for instance the series

is continuous quartzite whereas in the north of Jura it includes a very
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large proportion of semipelitic flags, and the change can be traced
coming on gradually in the intervening twenty five miles of the Jura
exposures. Facies varlation would explain the fact that in eastern
Perthshire one of the belts into which the series is divided consists
wholly of Killiecrankie Schist while the other two are almost entirely
composed of quartzite. If sliding was the explanation it might well
be expected that some remmnents of each type would be preserved with
the other,

3. Ben Eagach Black Schist

The Ben Eagach Schist of this area can be divided into two zones,
which however have not been mapped. The part which normally lies next
to the Perthshire Quartzite contains mmch intercalated quartzite so that
it resembles somewhat the Banded Group of the Blair Atholl Series in
central Perthshire. This portion is often missing from the outcrops
but whether it has been cut out tectonically or is only locally developed
is uncertain. It is present in great force on Ben Gulabin to the north
of Glen Shee and in a thin strip along the eastern margin of the Cairmwell
Belt.

The major constituent of the group, however, is a soft dark or
black finely crystalline bio{:i’ce mus covite schist weathering rusty
because of its content of pyrites. The black colour is due to graphite
and the rock as a whole is very similar to the Dark Schist of the Blair
&tholl Group. In the south-western part of the area the schist has
puckered planes of schistosity and carrises numerous little zarmets.

Towards the north-east, however, beyond the Spittal of Glen Shee it is



straight-cleared and relatively garnet-free as metamorphism increases.

4, Ben Lawers Calcareous Schist

This formation can be divided iuto three zones in the area., Near
the Ben Eagach Schist it is characterised by conspicuous blades of
actinolite and also by a brownish limestone, probebly occurring in
several beds. The actinolite is well developed in Glen Thaitmeich
especially on Creag Lemhaich, where, however, the limestone is not present,
but where g band characterised by large impure garnets has been formed
along the junction with the Ben Eagach Schist. The garnets oceur in
marginal portions of typical rocks of each group so the lateral transfer
of various constituents must have been aided by movement near the
boundary. The limestone is common in the south-western part of the
area, however, in the Glen Fearnach regione It is similar in some
occurrences to the Dark Limestone of the Blair Atholl Series but is
usvally coarser in grain end less well compactede A small strip not
rreviously mapped has been discovered on top of the Killiecrankie Schist
between Glen Fearnach and Glen Loch.

The main part of the Ben Lawers outcrop consists of extremely
contorted soft mica schist containing rumerous quartzitic beds or
lenticles, usually pitted with small rusty cavities due to the weathering
out of ferruginous carbonate. Muscovite is the chief mica. The rocks
contain a band of limestone near Dalhenzean, less pure than those found
lower in the sequence but quarried in the past probably because of its
accessibility.

In two crags on either side of Glen Shee the group shows an
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exceptional metamorphic facies probably due to horni‘ellsing by the
neerby Glen Shee Diorite. The hornfels extends farther than the
normal contact metamorphism produced by the diorite so that the
latter probably extends farther laterally below the surface. The
rocks appear flinty, finely crystalline and laminated but still con-
tain a considerabls proportion of carbonate.

The part of the group nearest to the Ben ILui Schist is less
calcareous but is still sufficiently calcareous to be distinguishable
from the younger formation. |

In Glen Shee Bailey (1925) divided the Ben lewers Schist imto
two belts separated by a band of Ben Eagach Schist and Cairmwell
Quartzite which he thought formed the core of a N,E.-SJ. recunbent
fold in an envelope of the Ben Lawers Schist., This fold, which in
Bailey's sections displays an extremely complicated and sinuous course,
does not in fact exist and the outcrops are much more easily explained
by a downfold on a NJW.~8 L. axis, In asddition the minor structures
give ample evidence of a fold of this kind (refer to pages 47-48). The
northern boundary of the Ben Lawers Schist is formed mearly everywhere
by the Killiecrankie Schist since the Ben Eagach Schist is cut out by
sliding except on the western side of Glen Fearnach.

Epidiorite sills abound in the group.

5. Ben Lui Garmetiferous Mica Schist

This group is composed of a grey garnetiferous mica schist which
is often distinctly quartzose and sometimes carries quartzite bands.
From Ben Vrackie to Glen Doll it acts as host rock to the Duchray

Hill Gneiss.



6. Loch Tay Limestone

This formation only enters the area on the south-western side
of the Glen Fearmach Fault and has only been mapped to show the dis-
placement of the fault. It usually consists of well-bedded rather
quertzose, calcareous schist but includes bands of fairly pure blueish~
grey limestone which are often thick enough to work. In Glen Fearnach
little limestone is present but at Dalrulzion just south of the area
there are extensive quarries.

7« Pitlochry 8chist

This also occurs only on the south-western side of the Glen
Fearnach Fault and is a quartzose mice schist which is often

garnetiferous.
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III TME EPIDIORITES

The epidorites are especially abumdent in the Ben Lawers Group
but also occur in the Killiecrankie Schist and occasionally in the
Blair Atholl Series end Ben Eagach Schist. A large outcrop forms
the boundary between the Ben Eagach and Ben Lawers Schists on the
eagtern side of the Cairnwell Belt and can be traced across Glen
Shee. Another follows the junction between the Ben Lui and Ben
Lawers Schists in the south~western part of the arsa but alse cuts
right scross the Ben Lawers outcrop on Meall Uaine. This may be due
to intrusive linking with another rumning along the centre of the
Ben Lawers outcrop, or alternatively to repeated folding. Other large
masses occur on the soubth-western side of Glen Shee and along the
ridge between it and Glen Fearnach. In the head of Glen Fearnach
the north-eastern slope is cut by a series of sills and a large mass
at the head of the Ben Lawers outcrep has been folded with its host
rocks.

In the Killiecrankie Schist the epidiorite sills are especially
abundant in those parts which have undergone deformations they may -
well have been intruded after the recumbent folding but before the
later open folding. They are well seen south of Loch nan Eun where
they are thin and follow the schistosity. At the head of Glen Fearmach
they are thicker and are involved in the later folding since they
follow the schistosity. They are rich in unrotated garnets as are the

other formations in this region. The two types of epidiorite,differing
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both in sizé and relation to the structures of their host rock,
strongly suggest formation during two different periods of intrusion,
one before the recumbent folding and the other after it but before
the refolding. DPetrogravhically the two kinds are similar so their
original igneous natures were probably similar although they may
have converged in character because of the metamorphism.

In their centres the thicker epidiorites often bear a close
resemblance to normal dolerite but at their margins they grade into
a hornblende schist. This is because the original igneous material
has been shredded out during folding - a feature more apparent in
epidiorites within the Ben Lawers Group than in the Killiecrankie
Schist. It is especially well displayed on Creag Loiogte and in the
lower part of Glen Fearnach. A consequence is that areas larger than
the original intrusions may have been mapped as epidiorite because of
their epidiorite content.

The epidiorites are recognised as sills rather than lavas because
of their tendency to cut across various horizons. Contact phenomens
are present on both top and bottom of the sheets.

Contact phenomena occur but are obscured by the shredding already
described. They are confined bo hornfelsing of the schists for short
distances ranging up to a few feet according to the size of the
intrusion. The effect is to reduce the amount of schistosity produced
in these zones. The zones are also characterised by biotite and garnet
crystals 1arger'tha11 those normal in the schists so these may well

heve originated during the thermal metamorphism.
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The epidiorites are essentially plagioclase amphibolites,
In the garnet zome of regional metamorphism, into which the aree
falls, they cen be divided into two groups, according to whethér or
not garnet is present as described by Wiseman (1934) . These can
be further subdivided when either biotite or epidote or both

together are present.
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I¥ MAJOR STRUCTURES

Pho basie strueture of the area was prodused by the Caledonoid
rocumbent folding, whieh eaused repetition of several formations froem
north-west to south-east. The key formation im the structure, the
Porthshire Quartzite Series, has been partisularly affected By repetitiem,
so that it outerops in three belts, the Ben-y~Gloe, Tummel end Cairmwell
Bolts,

The Twsmel Belt, whieh in north-eastern Perthshire consists
entirely of Killiscrankis Sehist, is the lowest structurally, although
it outerops between the other twe. It rests em the Blair Atholl
Series to the nerth-cast and forms part of the lower limb of the Ben
Lul recumbent symcline. The Killiscrankie Schist is bounded on both
sides by slides which cut out the flanking gquartzite members of the Series,

The Tumel Bolt passes to the Bem~y~Gloe Belt farther north-west
by an isoelinal antieline of whieh the Blair Athell Series forms the
core. Across the nose of the anticline the Perthshire Quartzite Serlss
changes in faeies seo that the Killieserankie Sehist is replaced by the
Ben-y-Gloe Quartzite. The change, however, cannot be traced since the
nose of the anticline has ween eroded. The len—-y-Gioe_ Belt itself forms
en isoolinal synform with an envelope of Blair Atholl Series; its axial
Plane dips to the south-east.

From the Ben-y-Gloo Belt the Perthshire Quartzite Series passes
round the nose of the Ben Iui recumbent fold to reappear im the Cairmwell

Belt which lies on the upper limb of the Ben Lui Syncline. In doing se



the Series passes above the exposures of the Tummel Belt., In +the
Cairmwell Synform the Blair Atholl Series overlies the Cairmwell Quartzite.

The Ben Lul Syncline lies above the Killieerankie Schist of the
Tummel Belt., Its ecore consists of the Ben Lui and the Ben Lawers Schists
and its envelope of the Ben Eagach Schist and older formations. Except
where the Ben Lawers Sehist outerops round the Cairmwell Synform, the
core rocks trend NW.-S8.BE. in contrast with the N,E.~S.W. trend produced
by the Caledonoid folds., The NW.-8.,E. trend has been caused by later
folds on this axis, which are superimposed on the earlier, Caledonoid
folds. The EJM.-S.E. folds are chiefly found in the south-western part
of the area where their axial plames usually dip to the north-east at
40°%, In the south-wost the Ben Eagach Schist and the Cairmwell Quartzite
were brought down by synforms and the Killiscrankie Schist brought up in
sutiforms on the NJW.-S.E. or crossfold axis. In many of the cross folds
the Ben Eagach Schist was eliminsted by sliding,

In Glen Fearnach the main outcrop of Killiecrankie Schist in the
Tummel Belt was affected by the cross folding so that it tremds N W,-S E.
and forms & synform, of which the Ben Lawers Schist forms the core. The
axial plane of the Glen Fearnach Synform dips %o the north-cast at 50%; its
plunge is to the south-east. On the south-western side of Glen Fearnach
the main outerop of the Ben Eagach 8chist was preserved in the lower limb
of the Ben Iui Fold, whereas in other parts of the area it was eliminated
by the slide on the southern side of the Killiecrankie Schist,

The eross folds are ubigquitous throughout the ares on the minor

scale, but in the north and east they only modify the Caledonoid trend of



the formations. Later Caledonoid folds are also present throughout the
area on the minor scale and have most effeet on the major strueture in

the Cairmwell Synform, where isoclinal folds cause repetition of the
members of the Blair Atholl Series. The axial planes of the later isoclinal
folds in the Cairnwell Synform dip to the south east at 70%; their plunge

is to ‘the north-sast at low angles. The later Caledonoid folds are
contemporaneous with, or slightly later than, the eross folds.

Except for the relations between the Belts of the Perthshire
Quartzite Series, the generalised section across the area agrees with
Bailey's sections (1925) across central Perthshire, Bailey thinks that
the Ben~y-Gloe Belt forms an isoelinal antiform and so links it with the
Tumel Belt by a synform, of which the Blair Atholl Series outcropping
between the two belts forms the core. The Tummel Belt has then got to
Jjoin the Cairmwell Belt round the apex of the Ben Iui Fold. Pantin's
work on ’len-y—Gloe, however, suggests that the Ben-y-Gloe Belt is a
syncline, and the small part of it in the present area also suggests that
it is a syncline heeause of the plunge of the isoclinal folds whieh make
up the Belt,

The synclinal interpretation of the Ben-y-Glos Belt also agrees
with Rast's interpretation at Sehichallion (1957), whers the refolding of
Caledonoid recumbent folds by later eross folds was suggested to explain
the struocture. The position of the Ben Iui Syncline on top of isoelinal
folds of the Blair Atholl Series and the Perthshire Quartzite Series is
not affeoted by the relations between the various belts of quartzite.

In north-eastern Perthshire Bailey (1935) suggested that the NWN.-S.E.
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trond of formations in Glen Shee could be explained by a series of Caledonoid
recumbent folds which were uptilted by piteh., The reecognition of the

N W.~S.EB. £0ld system, however, provides a simpler alternative, in whieh

the strueture produced by the Caledonoid recumbent folds is similar to

that of ecentral Perthshire, and that the reeumbent folds, the Ben-y-Gloe
Syncline and the Ben Lui Syncline, were rofolded on the N W.-S.E. trend

by the eross folds.

Recont work by Narris and Sturt in central Perthshire suggests that
the Ben Eagach and Ben Vraekie Folds can also be explained by cross folds.
Bailey, on the other hand, believes that the Ben Vrackie and Glen Fearnach
Foldé are parts of the same Caledonoid recumbent fold which has been
uptilted by pitch between these two areas.

| At Braemar the structural level is lower than in the present area
so that nappes containing the Perthshire Quartzite, Blair Atholl Series
and the Moine Flags are found.

The major structures can be eonveniently considered in two groups.
The first group sonsists of structures formed by the early Caledonoid
recumbent folds which produeed a strong axial plane schistosity. The
second group of strustures was developed by the later cross folds on the
earlier schistosity. The later Caledonoid folds are subsidiary. These
groups are approximate only for the effects of the different folds overlap
in nearly every structure. For instance the structures formed by the
recumbent Caledonoid folds have been modified in detail by the later
moveusnts .

The Caledonoid structures fall into four main groups aecording to
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their geographieal losations and teebtoniec positions. From north-west
to south-east and also from the bottom to the top of the struecture
they are:-
a) The Ben-y~Gloe Syneline
b) The Tummel Belt
¢) The Ben Lui Fold
d) The Cairmwell Synform.

The cross fold structures fall into two main groups which ares-
a) The South-Western Folds

b) The Glen Fearnach Synform.

The Ben-y-Gloe Syncline

The Ben~y~-Gloe Quartzite is bounded on all sides by the Blair Atholl
Series, with which it is in stratigraphical sontast as memtioned in the
section on stratigraphy. The Ben-y-Gloe Quartzite dips under the Blair
Atholl Series at steep angles along most of its squth-eastern boundary
exoept on the western side of Carn an Righ, where the relations between
the two formations are reversed. The dip of the Blair Atholl Series under
the Ben-y-Gloe Quartzite is shown by graded bedding in the quartzite teo
be the original ome, so that the Ben-y-Gloe Quartzite is the yommger
formation. The fact that most of the outerop is owverturned ean be exphinad
by assuming that in this area the two groups form the upper limb of a
recumbent fold of whieh the Ben-y-Gloe Quartzite is the ecore. The Ben-y-Gloe
Quartzite is relatively undeformed in this region so that observations on
graded bedding are reliable in evaluating sequence. The later folding is

dominently Caledonoid and is gentle; its effects on a large scale can be
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seen in the outerops of Ben-y-Gloe Quartzite interdigitetlng with the
Blair Atholl Series south of Carn an Righ. The reeumbent Caledonoid
minor folding plunges gently N.60°E or S.60°W approximately, with the
direction varying. The cross folding is subordinate in this region and
its chief effect is a strong linegtion amounting to rodding in places
running N W.-8 B,

The outerop of the Ben-y-Gloe Quartzite nerrows considerably where
the Allt Ghlinne Mhoir flows across it. Mapping rewveals that the
Ben-y-Gloe Belt is formed, not by one large fold, but by a series of
isoclinal folds, originally reeumbent but now with their axial planes
dipping steeply to the south-east or south-west. The quartzite forms
synforms which plunge N.60°E on the Carn an Righ side of the glen and
N.60°% on the Ben-y-Gloe side; in both eases the plunge is at low angles.
These plunges of the folds cause the umderlying Blair Athell Series te
outerop in the bottom of the glen exeept for one thin strip of quartzite
conneet’:mg the Ben-y~Gloe and Carn an Righ outerops. Stratigraphical
or tectonie thinning has not affected the thiming of the outerop beeause
the plunge of the folds reveals that the quartzite would be preseh‘b at
higher levels correspording with the outorops on hill tops if the river
hed not eroded down to its present level, |

South of Carn an Righ a band of limestone in the Blair Atholl
Series forms an antiform which plunges N.60%E as does the synformal
quartzite tongue to the south of it which forms +the southern limb of the
antiform. |

The folds plunging N.60°E are early Caledonoid folds while those
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plunging at N.60% are in the eross fold direetien. The latter, however,
from their style and nature appear to be similar to the Caledonoid folds
and are probably Caledonoid folds whieh have been bent round by the
later eross folding assoeiated with the Glen Fearnaeh Synform. The

cross folding is chiefly represented in this region by buckling and a
strong lineation ruming N W.-S.B. snd plunging south-east whieh is
suporimposed on the earlier folds. Therefore the evidence in this

small region points to the fact that the Ben-y-Gloe Belt is a synform amd
not an antiform as assumed by Bailey.

Ihroughout the rest of its outorop towards the north-east the
Ben~-y~Gloe Quartzite dips under the Blair Atholl Series. The eommones+®
structural feature is a strong rodding developed on the cross fold axis
which plunges down the banding at S.45%B; eorresponding folds run in the
same direction Bbut are less frequent. The Caledonoid folds, which are

less frequent than the oross folds, plunge genmtly to both north-east and
south=west,
The Tummel Belt

The Killieerankie Schist, whieh forms the Tummel Belt, is bounded
on both sides by major slides i.e. those which cut out formations. That
on the north cuts out the Pale Blair Atholl Group all alorig its length
although exposures are not everywhere suffieient to distinguish the
subdivisions of the Blair Atholl Series. Indeed the latter formetion
can oftten only be traced through peaty hollows with sparse outecrops
botween the mountains formed by its neighbouring formations of the

 Perthshire Quartzite Series. Within the Quartzite Series itself the
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Sehiehallion Quartzite is missing beecause of sliding although im this
rogion it forms the whole of the Ben-y-Gloe Belt whieh in places is
only 5. few hundred yards sway on the other side of the Blair Athell Series.

The southern slide everywhere cuts on to the Carn Mairg Quartzite
which disappears north of Ben Vraekie which is six miles to the south-
west of this area. For the greater part of its length it also outs oub
the Ben Eagach Blaek Schist which is preserved only on the south-
wostern side of the Glen Fearnach Synform.

This lessening of the effect of a Caledonoid strueture, the slide,
in a eross fold which is essentially later is a eurious phenomenon
whieh calls for comment. It can best be explained on the supposition
that the site of the Glen Fearnash Synform was oeeupled by a downwarp
during the Caledonoid recumbent folding. This downwarp may have been
formed by gentle folding at the very outset of the Caledonian orogeny
or more likely it was a depression in the actual nappes as found in the
Alps. The Ben Eagach Schist would then we protected from the main perd
of the shearing during the formation of the reoumbent folds by its
position in the downwarp. Alternatively the slide reached its maximwm
intensity in Glen Fearnach and out through the Ben Lewers Schist to eome
in econtact with one of the downfolds of the Cairmwell Belt so that the
position of the main Ben Eagach outerop is now taken by the downfold.
This latter explanation appears unlikely as will be shown more fully in
the section on the Glen Fearnaeh Synform since the minor struetures in
the Ben Eagash Schist indicate that this group is part of the sequence

from the Xilliscrankie Schist of the Tummel Belt to the Ben Lewers Schist
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and not a downfold terminated at either end by the plunge of the
crogsfolds.

The large amount of movement produced by the sliding is indicated
by the fact that the Killiecrankie Group is everywhere sheared., This
shearing causes the quartz crystals to break dowm into smaller grains
while miea appears as small laths throughout the roek rather than as
wide bands along the schistosity., These laths are well orientated
because of the shearing anmd have not been refolded while all earlier
structures have been destroyed. Shearing is espeoially developed
along the northern margin and is well seen in the Allt Easgaidh whieh
is. the burn ruming down from Loech nan Eun to Glen Thaitmeich. Nere
the Killieerankie Schist is represented by & narrow belt so that the
two slides are close to esach other., As this belt is approached from
the south signs of shearing become progressively greater through the
Ben Lawers end Ben Eagach Schists until the climax is reached at the
slide, As noted by Bailey, shearing and crushing are also well developed
on the north-esstern side of Glen Fearnach. In the wide outcrop extending
south-esst of Glas Tulaichean, however, shearing is less pronounced.

The seme cross fold lineation seen in the Ben~y-~Gloe Belt is also
well developed in the Killlecrankie Schist but is accompanied by more
Polding as would be expected from its less compotent nature. The plunge
is generally south~-esst. Caledonoid folding is fairly frequent in the
north-egstern belt but is less so in the Glas Tulaichean outcrop and rare
round Glen Fearnach espscially at the head. The plunge of the Caledonoid

folding is wariable since there are several isoclinal crossfolds within
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the Glas Tulaichean outcrop while there is an open synform to the
south-west. The Glen Fearnach Synform is an isoclinal syncline with
its exial plane dipping north-east at 50° go here the few Caledenoid
folds plunge down the dip to the north-east.

The several isclated outc;rops of Killiecrankie Schist to the
south-west will be treated under the section on eross folds.

The Ben Lui Fold (see Fig. 43).

This fold cammot be seen directly in north-eastern Perthshire but
its presence is extrapolated from the type area to explein the
stretigraphy. The Blair Atholl Series and the Killieerankie Sohist,
if the complications produced by the later folds on both Caledonoid
end cross fold trends are ignored, generally dip towards the south-east,
South-east of the Killieerankie outerop but separated from it by the
southern slide comes the Ben Lawers Sehist, except on the south-west
side of Glen Fearnach where the Benm Eagach Schist intervenes. The Ben
Lewers Schist also dips south~eastwards at approximately the same
angles as the Killieecremkie Schist and so passes under '!;he Ben Eagech
Schist of the Cairmwell Belt. In the south of the area, however, the
Tay order prevails with loch Tay limestone dipping under Ben Lui Sehist
under Ben lawers Schist under Ben Eagach Schist. The dip inoreases
along this north-westward traverse fram 20° to the north-west until it
pesses through the vertical to reach 70% to the south-east.

The structure is best seen where the various groups dip under the
Cairmwell Synform since the rocks of the whole south-western pert of

the district now lie on the cross fold trend. The key te the Caledonocid
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structure is given by the strip of Ben Eagach Schist preserved between
the Killieorankie Schist and the Ben Lewers Schist in Glen Fearnach.
This assoclation is similar to that of the mein Ben Eagach outcrop in
central Perthshire which is cut out towards the east by the southern
slide. In the rest of the region this strip has been cut out by

this seme slide. The lenticles of gquartzite contained in it are
"tectonic fish" isoleted during the sliding and msy represent the Carn
Mairg Quartzite.,

The succession from north-west to south-east is therefores=-

Killiecrankie Schist, Slide (ususlly cutting out Ben Eagach Schist),

Ben Lawers Schist, Ben Eagaeh Schist, Cairmwell Quartzite., As all

these formations dip to the south-east they must therefore form a fold
with the youngest, the Ben Lawers Schist, forming the core so that

the structure is synclinal. The comstanoy of dip on both sides of

the envelope show that the fold is isocclinal and its wide extent indleates
that it was essentially recumbent wut in this region has been upturned

by later felds.

The direction of closure of this fold is uncertain but it aeppears
likely that it is to the north-west and the actual nose has been removed
by erosion. One reason for believing this is that the core rocks, the
Ben Lawers Schist, are presenﬁ in great strength in the south-esstera
part of the fold while only a narrow ocutcrop is found in the north-west.
The next youngest group, the Ben Iui Sehist, is never found in the north-
western part of the region but covers & wide area in the south-east. The

Bon Iui Schist which must form the core of a syneline within the Ben



-55-

Lawers Schist is found only in the south-east and so the closure of the
fold would be expected ‘Eo lie to the north-west where the oldest
envelope rosks are found. The fact that the Ben Iui Schist is inwvolved
in a recumbent syncline closing to the north-west brings to mind that
the Ben Iui Fold itself is a similar structure which can be traced
across the Nighlends to eastern Perthshire. The part of the fold
found over most of the Glen Shee asree is ome involving older rocks than
at Ben Iuil, with Ben Eagach Schist closing round Ben Lawers Schist
instead of the latter closing round Ben Iui Schist. |

The earliest folds seen in the minor structures of the area are
reoumbent folds which correspond to the Ben Iuni Fold, These often
show s8igns of sliding on the lower limb which is similer to the
cutting out of the guartzitiec members of the Perthshire Quartzite
Series and the Ben Eagach Sehist in the lower limb of the Ben lui Fold.

The nose of the Ben Lawers Schist is mmch more elongsted than that
of the Ben Iui Sohist when judged by extent of outerop. In places it
is very thin as can be gau@d by the close juxtaposition of the
Killiecrankie Group and Cairmwell Belt outerops between Glen Shee and
Glen Fearnach.
The Cairmwell Synform

This structure is unique in the Central Kighlends in that the

Blair Atholl Series is found detached from the main outerops The
Calmwell Quartzite whieh forms the envelops of the Blair Atholl Series
is also found in no other region. The Ben Eagach Schist should alse

be considered as pert of the Cairmwell Synform since it lies above the
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Ben lawers Schist which forms the core of the Ben lui recumbent
syncline. The structure is termed a synform beeause it takes the form
of & downfold but is in faet an inverted anticline since the oldest
rocks present, the Blair Atholl Series, form the core. The synform
itself is formed by & series of isoclinal late Caledonoid folds, both
synforms and antiforms with several cross folds complicating the outerop.
The fold is bounded on its eastern side by narrow belts of Ben

Eagach Schist and Cairmwell Quartzite which dip at approximately 70°
to the east-south-east. That this dip has been overturned reletive
to that of the Flat Belt can be deduced by a traverse towards it frem
the south-east over younger groups. As the Flat Belt is itself
inverted this overturning of the dip means that the roock succession is
now the right way up. Starting at the south-eastern boundary of the
Ben Lawers Schist the dips are as lew as 20° to the north-west. The
dip rapidly steepens so that at the north-western boundary of the Ben
Lewers Schist it reaches as much as T0% to the north-west. A belt
of epidiorite then intervenes and the dip in it passes through the
vertieal so that the following Ben Eagach Schist generally dips at 70°
to the east-gouth-east, although there are still some dips to the north-
weste This variation is caused by isoclinal folding of late Caledonoid
type which causes the direction of dip to chenge graduslly over a wide
area. Fold exes generally plunge north-north-east to north-east at
low angles with a corresponding ™" lineation, Cross folds also with a
"" lineation plunge steeply down the dip.

| The phencmenon of a series of steep isoclinal folds forming a
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structure, which like the synform is essentially flat on the larger
scale, is similar to Barrow's concertina folds but in fect affects all
the groups present though their behaviour varies according to their
competence. The isoclinal folds can be seen to refold recumbent

folds whose axial planes are coplaner with the schistosity.

The minor structures show the same relations on the north-western
side of Glen Beag as far as the Carn Mor grarnitic intrusion whieh cuts
across the €alrmrell Synform. North-west of the granits the outerep
of the fold trends on NJW.-S.B, axis as far as the western side of
Glen Thaitmeich. Nere the roecks of the Cairmwell Synform have been
folded together with the underlying Ben lLewers Schist and Killleorankie
Group.

The structure in this region has been shown by Bailey to be &
synform on his recognition of the Killlecrankie Schist as a separate
Group and his tracing of the Ben Lawers and Ben Eagach Schists round
the nose of the Cairmwell Quartzite at the head of Glen Thaitmeich. The
Geologieal Survey hed previously linked the Blair Atholl Limestone
exposed in the Allt Easgaidh with the Ben Lewers Schist found north of
the summit of Glas Tulaichean, thus cutting through the Cairnwell
Quartzite and Ben Eag@oh Schist. Both the latter, however, are poorly
exposed because of & thick covering of peat. The connection of the
two calcareous groups was presumebly made because all the formations
dip to the south at angles ranging from 40° on Glas Tulaichean to near
vertical in the Allt Fasgaidh. Bailey, however, showed that the two

caleareous ouberops were distinet lithologically and could easily be
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assigned to their respective horisons.

The trend of the cross folds is comsistently near 120° but +the
plunge steepens with the dip from 20° on Glas Tulaiehean to 50° in
the Allt Easgaidh. The late Caledomoid folds likewise vary from 30°
to 70° but their plunge is usually towards the south-west. In the
411t Easgaidh both sets of folds developed eontemporaneously in that
one does not refold the other and one cammot be unfolded to leave the
other undisturbed. Both however fold recumbent folds whose axial
planes are parallel with the schistesity.

The main trend of the synform is on the cross fold axis but swings
in the distribution of the formations show that €aledonoid folding
has ﬁ.lso played a part,so that the tremd of the synform is more E.-W,
than N W.-S.E. The eombination of south-westerly plunging €aledonoid
folding and east-south-easterly plunging cross folds has produced
subsidiary synforms and antiforms within the major structure. These
form gentle culminations and depressions but lead to the lensing of
individual outcrops e.g. the central limestone of the Blair Atholl
Pale Group found in the Allt Easgaidhe The distribution of formations
produced by these sets of folds shows that on the major scale they are
contemporaneous although they may have persisted for different periods
ip different areas and so one or other may be dominsnt in a particular
sector of the synform. Both, however, are always found on the minor seale.

The subdivisions of the Blair Atholl Series cannot be traced
across the Garn Mor Porphyry to the main outorop of the Cairmwell

Synform because exposures on either side of the intrusion are extremely
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POOX s
On the north-eastern flank of the Cairmwell Synform, the angle

of dip in the northern part of the len‘Ea.gach Schist remains fairly
constant at 50°, but swings to south-south-east. In the southern
part of the schist and in the Cairmwell Quartzite, however, the dip
steepens end overturns so that on Carn gf Geodh, where the outercp
widens considerably, the quartzite overlies the Blair Atholl Series,

At the Cairmwell the northerly dip persists except at the eastern
end where the dip swings to the west at 409, Yaristions in the dip
across the Cairmwell outerop show that the quartzite has been affected
by isoclinal folds on the W.N.W.-E.8.E. trend. The plunge of the oross
folds is at approximately 40° te the west-north-west so the Cairmwell
is a subsidiary synform on the W.N.We-E.5.E. axis overlying the Blair
Atholl Series of the main Gairmwell synform. Nearly the whole outsrop
forms the southern limb of the subsidiary synform with the northern limb
represented by & narrow belt linking it to the sinuous outerops of
quartzite round Loch Vrotachsn.

The thickening of the quartsite outorop on Carn a' Geodh snd the
Cairmwell is probably due to movement during the recumbent folding.
Much of the narrow outorop which forms the main part of the belt has
been thinned tectonicallys that sliding has occurred ean be seen by
the juxteposition of the Gairmwell Quartzite with different members of
the Blair Atholl Series both in Glen Beag and at the head of Glen

Thaitneich.
North-eastwards the Cairmvell Synform persists until it is’
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truncated by the Lochnagar Granite but it fails to reappear on the
far side of that intrusion.

To the south-west the Cairmwell Synform is terminated by the
combination of an antiform of the cross fold axis and the north-easterly
plunge of the Caledonoid folds. The Caledonoid plunge is most effective
east of Glen Beag and is reflected by thé shape of the outcrops. The
plunge is 20° to the north-north-east while the dip varies betweem '
50° and 709 to the east-south-east. On the western side of Glen Beag,
however, the dip is 26° to the north-east while the Caledenoid plunge
remains ‘the same as on the eastern side. The cross folds plunge to
the east-south-east at 10° to 15° whereas farther east they plunge
steeply down the dip at 50° to 70° to the east-south~east. The same
dip to the north-east persists right across the Ben Eagach Sechist
outcrop on the south-west side of Glen Shee but increases te 4=0°. That
the entiform is in fact formed of several isoclimal bands is shown by
the repetition of downfolds of quartsite found on top of Ben Gulabin.
These plunge to the east=pouth~east and the ones disconnected from the
main quartzite outerop are terminated by the eliffs on the south~eastern
gide of the hill. The largest is commected to the mein ouberep by a
similer downfold on the Caledonoid trend. MNere again we have the
efPocts of both sets of later folds cambining te produce eomplicated

outcrops.
Proceeding north-eastwards to Creag lemheich on the east side of

Glen Thaitmeich the dip has steepened to 50° o the north-eest and the

oross folds plunge east-south-eest at 20® - 30°. This plunge carries
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the outcrop of Ben Lawers Schist on top of the hill under the Ben
Eagach Schist which forms the greater part of its surface. The
Caledonoid folds plunge north-north-east at 40°, At the northern
end of the Ben Lawers outcrop, across the Carn Mor Porphyry, the same
structures are seen but neither set of folds can cause either the
termination of the Ben Lawers outerop or the swing of the Cairnwell
Quartzite to & position in the Allt Ghlinne Thaitneieh, to the west
of, and 1,000 feet below the Ben Lawers Schist of the Oreeg lamhaich
outcrop.

An isoclinal coross fold would imply that the Ben Lewers Schist
forms a "teotonic fish" since the south-eesterly plunge would carry
it above the Ben Lawers Schist at the north-western end and below it
in the south-east. The cross folding, however, does not appear to
have been strong enough to produce that type of structure. A later
Caledonoid fold would have caused the strikes to assume Caledonoid
trend but they are dominently NW.-S.E. Therefore the only possibility
left is a Caledonoid fold commected with the recumbent folds but not
necessarily itself recumbeut. This structure, formed as a drag fold
belew the éairnwell Quartzite, would account for the relative positionms
of the various groups and would agree with the minor structures which
show recumbent Caledonoid folding refolded by cress folds. late
Cgledonoid folds take the form of gentle buckles. The cross folding
on the major scale then folded the early Caledonoid fold into am
isoclinal antiform to give the enclosure of the Ben lawers outcrop by

the Ben Bagach Schist, carrying it under the Ben Eagach Schist to the



south by an east-south~east plunge. That the drag fold is local is
shown by the fact that no trace of it can be seen in the outerep of
Ben lawers Schist on the west side of Glen Thaitmeieh.

The South-Western Folds

Although cross fold structures have been considered with the
Ciirnwell Synform the south-western area is almost exolusively
formed by the superposition of cross folds on the recumbent Caledonoid
folds. The region is ome of isoclinal cross folds which bring up the
Killiscrankie Schist of the lower limb of the Ben Lui Fold in the
cores of antiforms and bring down the Cairmwell rocks of the upper
limb in the cores of synforms. Over the greater part of the region
the Ben Lewers Schist outerops, forming the extended core of the Ben
Iui Fold. The Killiecrankie Schist appears only in the more northern
part of the region while the Cairmwell rocks predominate in the south
but also extend into the north. |
The Xilliecrankie Schist of the Glas Tulaichean outorop, as shown

earlier, dips to the south and south-east in its northern part. PFarther
south it contimues to do so for the greater part of the outerop but is
modified towards the boundaries of the group in Glen Thaitneich and Glen
lochsie. |

. In Glen Thaitneich the dip of the Killiecrankie Schist together
with the overlying Ben Lawers and Ben Eagach Schists is to the east
or east by north at 55° though locally it may range down to 30° and up
to 70°, The Caledonoid plunge is approximately 30° to the north-east

and the cross fold plunge 40° to south-east by east. The dip and
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plunges hold ever most of the nose of the Killieorankie Schist on
Creag a' Chaise and the cross fold plunge is responsible for carrying
the group uﬁder the Ben Lawers Schist. On Creag Bhreas just to
+the north-west the strike sw:;ngs round to N.WN.-8.,B. so that the dip
is now 50° to the north-east. The Caledonoid plunge runs approximately
down the dip while the cross fold plunge is at 15° - 20° to the south-
sast by east. It may be even less where the dip is less. This low
plunge is partly responsible for the wide extent of the Killiecrankie
Schist outorop in this region but repetition by recumbent Caledonoid
folds probably also plays a part. West of Creag Bhreac the dip is
45° to the south with Caledonoid plunge 35° to the south-west and oross
fold plunge 20° to the south-east by east. The charge in dip and
Caledonoid plunge indieabes that there must be an antiform within the
' Iiil:lecré.nkie Schist with a complementary synform to the north te bring
the northerly dip back to the gemeral southerly dip found in the synform
at the head of Glen Thaitneich. This in turn means that there must be
an isoclinal antiform between these two synforms. All these folds are
on NW.~8 .E, axis approxima_fely. The Ben Lawers Schist on the west
side of Glen Thaitneich dips under the Ben Eagach Schist at 50° - 65°
to the east or east-morth-east with cross fold plunge at 25° to the
south-east. This structure is also found in the marginal parts of the
Killiecrankie Schist,.

Towards Glen Lochsie the southerly dip of the Killiecrankie Schist
steepens through 70% to the vertical to bring down the overlying Ben

Lawers Schist in the floor of the glen. The cross fold plunge is



-42-

25° - 30° to the east-south-east and the Galedonoid 50° to the south-
west., West of the Carn Mor Porphyry the dip ones again diminishes
in the Ben Lewers Schist and succeeding Ben Eagach Schist and Cairmwell

Quartzite until it is 35° - 40° while the cross fold plunge also drops

to 20° but is still to the east-south-sast. On the southern margin of
the quarbtzite, however, the dip is 50% to the north-north-east so that
the Ben Eagach, Ben Lawers and Killiecorankie Schists reappear to form

an open synform. To the north-west the exposures are very poor but

the nose of the fold can be traced and here the dips steepen to 50° - 70°
on both sides of the fold. The steepest dips are once again found in
the envelope but +the cross fold plunge remains at 20° o form the closure
of the fold by the Killiecrankie Schist. The synform, however, oan be
traced farther north-west by the dips within the Killiecrankie Schist.,
Towards the south-east also the dips in the fold increase to 702 amd

and the predomizmn;b eross fold plunge is 16° - 20° to the west-northe
west thus indieating closure in that direction, but the aectual nose of
the synform is eut off by the extension of the €ern Mor Porphyrye.

East of the intrusion the southerly dip in the Ben Lawers Schist
con*bimzes férther south so that an isoclinal antiform of Killiscrankie
Schist outcrops on Creag Chrewnh., This outerop dips to the south-~south~
wost at 655° with Caledonoid plunge at 45° to the south-west. The oross
fold plunge is 20° to the south-east by east eud this carries the
Killiecrankie Schist under the Ben Lawers Schist to the east.

South-west of the Killiecrankie Schist appears a small isoclinal

synform of the Ben Eagach Schist and the Cairmwell Quartzite s Which in



turn is succeeded to the south-west by an open synform similar to

that of Upper Glen Lochsie, The dip is 55° to the north-north-east at the
southern boundary of the Ben Bagach Schist which therefore overlies the
Ben Lawers Schist to the south-west. The Cairmwell Quartzite fails

to the south-east because of cross fold plunge at 20° to the west-north-
west but the belt of Ben Eagach Schist continues to join the main

Glen Shee outorop just west of Dalmmzie. There is a small lenticle

of quartzite enclosed in the Black Schist outcrop on the north-east

slops of Meall a' Choire Bimidhe half way between the previous locality
and the main Ben Eagach outerop.

Just before the belt of Ben Eagach Sehist reaches the main outerep
in Glen Shee the belt widens and in it is enclosed another larger
lontisle of quartzite whose sinuous outerop shows that it has been
affected by both cross and €aledonoid folds.

The dips rangs from 70° to the vertisal chiefly to the south-
south-east on the northern side and north-north-west on the southern
side although the strike swings to W.NW.-E.S.E, in the middle of the
outerop because of folding. The structure is therefore a syncline
with a vertical axial plane. The outecrop terminates to the east with a
erossfold plunge to the north-west at 40° and to the west with Caledonoid
plungs to the north-east at 30°%

To the south-west of this open synform of Cairmwell rocks all the
formations dip to the north-east with dips ranging from 40° te 65°,

The strike also swings slightly. On Meall Ruidh Mor Thearlaieh and

Carn Dearg to the south-west of the synform in Upper Glen Lochsie an
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outerop of Killiecrankie Schist dips north-east at 50° with a Caledonoid
plunge of 40° to the north-north-east. This outcrop comnects with the
main outerop of Killiecrankie Schist round the nose of the Glen Lochsie
Synform. The cross fold plunge of 30° to the south-east carries the
Killieerankie Schist under an outcrop of Ben lawors Schist brought down
by & Caledonoid synform in which the Cairmwell rooks reappear, Near

the bourndary some of the Killiecrankie Schist also dips in the same
direction as the cross fold plunge.

The Caledonoid downfold causes the guartzite outcrop to swing
from NWN.-S.E, along Glen Lochsis to run south-west through €arn
Tarmachein. Ners the dip is 50° to the north-morth-east with the
Galedonoid plunge 30° to the north-east and the cross fold plunge 20°
to the south-east. On the south-~eastern side of the fold the dip
is 65° to the north-west and the cross fold plunge 40° to the west~
north-west so that the fold is open. South-westwards towards the nose
of the fold the Ben Eagach Schist fails. At the nose the dip on the
western side is east-north-east at 35% and the cross folds plunge 20°
te the southweast, but on the south-eastern side the dip is 55% to the
east-south-east. The beds on the south-eastern side are therefore
overturned so that the fold becomes nearly isoclinal., The Caledonoid
plunge remains 25° - 30° to the north-east., Bailey (1925) continued
the Cairnwell oubtorop of Carn Tarmachain to the south to link up with
that found on Ben a' Cruachain, but no evidence can be found in support,
although there are no exposures just north of Ben a' Cruachain because

of peat. The northern part of Bailey's continuation, however, consists
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of well developed Ben Lawers Schist with no trace of quartzite or
Black Schist,.

The Geological Survey on the other hand linked the Carn
Tarmachain outcrop with the quartzite of Carn Dearg on the other side
of Allt Ruidh nan Eas. These outcrops would appear to be linked
because of the low south-easterly pitch of the Carn Dearg outorop,
but the valley descends to a low structural lewel so that only Ben
Lawers Schist is exposed in it.

On Carn Dearg the Cairmwell Quartzite which forms an escarpment
dips at 35° - 40° to the north-east with the Caledonoid plunge rumming
down the dip. The cross fold plunge is at 10° - 15° to the south-east
by east and terminates the outorop to the south-east where the level of
the quartzite has besn cut through by the Allt Ruidh nen Eas. At the
north-west end the same plunge eauses the outerop to rise above the
Ben Lawers Schist, the Ben Eagach Schist being cut out by a slide all
round this outcrop. ZAnother small lenticle of the quartzite is found
on the next hill slope to the north-west across a small intervening
burn which hag eroded through the quartzite to the Ben Lawers Schist.
The cross fold plunge at 12° to the south-east also causes this outorop
to fail to the north-west.

The extreme attemuation of the Ben Lawers Schist in the upper part
of Glen Fearnach is shown by its close proximity to the Killiecrankie
Group which is only fif¥y yards eway from the quartzite. The Ben Eagach
Schist has been removed by sliding between the Ben Lawers Schist and
both of the Perthshire Quartzite Groups. South-west of amd below the

Carn Dearg escarpment of Cairmwell Quartzite there is another patch



of poorly exposed Killiserankie Schist with similar minor structures.

Just above Glen Fearnach stands the mountain of Ben a' Cruachain
which is yet another area formed of downfolds of Cairmwell rocks.

They are well exposed ao that several minor synforms can be distinguished.
The Ben Eagach Schist is well deweloped on the south-western side of

the outerop but is missing on the north-eastern inverted limb of the
synform, probably due to the greater amount of movement there during

the cross folding. It is also preserved in one of the antiforms

between two synforms of quartzite,

The Ben a' Cruachain ouberop is divided into two parts by a
curving north-north-east fault whioh only causes slight displacement of
the stratigraphical groups. The part to the north-west of the fault
consists of one synform of Cairmwell rocks which cen be traced north-
west soross the Allt Ruidh nen Eas. The dip is 60° to the eest-north-
east with the Caledonoid folds plunging to the north-east at 40%; the
oross folde plunge at 16° - 20° to the south-east and cause the outcrep
to terminate to the north-west. On the south-eastern side of the
fault, however, the strike has swung to W,.NW.-E.S.E, so that the oross
folds are now plunging at 15° to the nerth-west causing the outerop to
rise above the Ben Lawers Schist to the south-east. The quartzite
outerop does not reaeh the crest of the hill so the south-easterly
plunge sgain eontrols the outerop to bring up the Ben Lawers Schist en
the north-western slope. The straight north-western boundary between
the Ben Lewers Group and the quartzite hints at a NW.-S.E, synform. The

repetition of folds causes variations in dip; all the dips are steep,
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generally to the north-eest; but the most easterly fold is open so

that the eastern margin of the quartzite dips to the west-south-west.

The dip soon, however, returns to the north-cast on the fer side of

an entiform of limesteme within the Ben Lawers Groupe. To the east of this
limestone there is another lenticle of impure quartzite.

Bailey(1925) comnnected the north-western end of the Ben a' Cruachain
outcrop of quartzite by a loop with the Carm Dearg outerep. This link
~ would mneed to run obliguely to the strike of and cut through limestones
developed in the Ben Leawers Group and in faet no quartzite is to be
found in the region.

The ridge between Glen Shee and Glen Fearnach is formed of a belt
of Cairmwell Quartzite with Ben Eagach Schist on its south-western
margine. The Ben Eagach Schist has been cut out by sliding to the
north-~east but ai belt of it runs from the south-eastern end of the
quartzite outecrop to link with the Cairmwell outerop well developed
in Glen S8hee. There are also a few lenticles of Bleir Atholl limesteme
enclosed in the quartzite. The dip is generally between 40° and 50"
to the north-east with the Caledonoid plunge at 30° = 40° to the north-
east by north. The eross fold plunge may be locally to the north-wesf
but is generally to the south-east at low angles; it causes the outcrop
to terminate in the north. The major structure is therefore a synform
on NW.-S.E, axis with south-eastern plunge; the Ben Eagach Schist and
Cairmwell Quartzite form the core and the Ben Lewers Schist the envelope.
The structure is similar to that found farther north-west but is less

complex in outorop. The dip and minor struotures are similer in the
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Ben Eagach outerop rumming down to Glen Shee, which is an epen synform
on the Caledonoid axis, preserving the everlying Ben Bagach Schist
within the Ben Lawers Groupe The oross fold plunge is at low angles
to the south east on its north-western side and to the north-west en
its south-eastern margin, The north-western plunge combined with the
Caledonoid plunge to the north-east causes the terminsation of the
ouberop of Cairmwell rocks to the south-east. If the belt were part
of a recumbent Caledonoid fold the rocks would strike N.E.-8.N.

In the south-east of this region the Ben Lui Schist dips at 20°
to the north-west with the Caledonoid plunge rumning north-morth-east
at low angles and the cress plunge in a direction somewhat more westerly
then the dip. In the Ben Lui Schist of Glen Fearnach the dip swings
round so that it is north-east with the €aledonoid plunge approximately
dewn the dip and the cross folding gently to the east-south-east.
Between these two areas while the strike swings round, the cross fold
plunge is north-westerly so that on both dip and plunge the Ben Imi
Schist is carried under the Ben Lawers Schist. The beds are therefore
inverted similar to those described at the corresponding tectonie
level on the south-east of the Cairmvell Synform.

Just south of Ben a' Cruachain the strike of the Ben Lui and
Ben Lewers Schists swings to W.NN.-E.8.E. and the dip is 30° to the
north-north-east. The Caledonoid plunge is 20° to the north-east and
the oross folds plunge at 10° - 15® to the north-west. The north=-
westorly plunge is similar to that seem in the Cairnwell recks on Ben

a' Cruachain itself and also at the most southern outerop of the Ben
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Lawers Schist. The swing in strike oecurs just before the Glen
Fearnach Fault is reached and is probably the begimming of a greater
swing to join up with the formations on the south-western side of the
fanlt which dip at 35° to the north-west. The actual swing cammot be
traced because of the fault,

The Glen Fearmach Synferm

At the head of Glen Fearnmach the Killisorankie Sohist of the
Glas Tulaichean outcrop which lies te the nerth-east of the Ben lLawers
Schist of Glen Fearnasch swings round so that it also subtereps te the
south-west of the Ben Lawers Group. The dip is everywhere at aboub
50% to the north-east although it may range from 30° - 70® and its
direction may alse vary considerably. The Glen Fearnasch Synform alseo
affects the underlying Blair Atholl Series whieh outerop to the north
and west of the Killieerankie Group. 4s shown in the seetion on the
Tummel Belt Series, the Blair Atholl Serises to the north dips steeply
to the south-east or south under the Killleecrankie Groupe. On the northern
slops of Carn an t-Sionnach and in that part of the Allt a' Ghlimme Mhoir
to the north of it, however, the dip swings to the south-south-west at
70°, The eross folds plunge at 20® to the soubh-east and the Caledonoid
at 50® to the south-west., To the south-west, however, the dip rapidly
chenges to 50% to the east-north-east but still with cross fold plunge
at 20° to the south-east while the Caledonoid plunge is 40® to the north-
east. ﬁaese structures persist in the Ben Lawers outerep and alée aeross
the Killlieeorankie Group foumd to the west of Glen Fearnach amd into the
Blair Atholl Series still further west. The latter group is specially



FIG Il. -MAP of GLEN FEARNACH,.

\ Killiecrankie 52/\”&\36{‘@\5’-19[\ N
h . S
70\ Schist 57\5 Allt a Ghlinne Mhoir

N

3

RS2

N 28
( 20 i: 6oY o x
2 66 38

¢ \\ 54\ XCoArn an 68\' 48 T

57\ \‘\20 ﬂ\)\Sionncch
. ;TN @5 L

NZI o,‘ léo\ \\57Y 24 Y
/ N
o7t .\Xé’o/ s /'\5.3\
D :
3\0

Braigh Feith _32
Ghiubhsachain

63} _—
/‘ 23

4 2\

N ;
8 /60\
Killiecrankie s
/ Schist SO\Q\\‘
?F \ 3
/7

BA s\ sO% N\ Y
Geological Boundaries -=- Strike and Dip SO/L
Major Slide —— Axial Plunge =30

Blair Atholl Series BAS Lineation 25



F-F'

FEARNACH along

GLEN

of

NE.-S.W.

12.

FIG.

SECTION

NE,
7

Allt
Lochsice

Allt
Fearnach

C
. .N. .
z, Hm‘v / .w.w. !
e e\\ g .. .
—I- 7/ .\‘Iﬂk. f]
! A\. °. /
ANV s 8 S
7200 [ O
7:V) Y ww
/& e _
y \\1.. ) /.,
! \.H.\\ . b
Vo LS . .
-.L\..l\.w- -..
\\..\.“.-1. ...
S .
. -
. . ;"
* ..)Pr ..
,.:;\..\.H. [
SN S
W TN LI

o AT Ty
.\. .1Q\N&.. .Jw.% -




= 50 =

well de‘véloped at Loch loch where it dips at 35% to the east-north-east
with Caledonoid plungs of 25° te the north-oast and cross fold plunge
of 10° to the south-east. The Blair Atholl Seiies which outorops between
Loch loch and Glem Mor and the nearsr part of the Killiecrankie Schist
swings in strike with the formational boundaries so that the dip is
- usually in the normal direction of south-south-east for these formations,
at about 50°, The cross feold plunge is 35% to the south-east and the
Caledonoid 20? to the south-west. The Killieorankie Schist which lies
nearer the Ben Lawers, however, reweals the same structures as in the
younger group.
In the core of the fold the Ben Eagach Schist outerops between
the Ben Lawers Schist and the Killieorankie Schist but the slide is
still present between the latter and the Ben Eagach Sohist since the.
Carn Mairg Quartzite is missing. Enclosed within the Ben Bagach Schist,
however, are two lenticles of guartzite which may represent Carn Mairg
Quartzite detaohsd during the sliding associated with the formation of
the Galedonoid recmnbént folds., Both outcrops have similar minor
structures to the surrounding Ben Eagach Schist and cannot be explained
by dip or plunge to overlie the Ben Eagach Schist, The Ben Eagach
Schist.f3ils to the south just north of Daldhu; in the north it fails
near Creag Cama' Choire where the boundary of the Killiecrankie outerop
swings to N.E.-SJ. for a short distance., This swing and another
farther south are not reflected in the strike of the formations exeept
for one or two isolated patches. These swings are probably dus to

the socuth-easterly plunge of several cross folds which make up the whole
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synform.
The cross fold plunge betwsen 20° and 30° to the south-east is

doninant over the whole region and increases towards the nose where
it obliterates nearly all other struectures. This dominant structure
therefore produces the Glen Fearnach Synforms on NJW.-8.E. axis.
Caledonoid folding is less frequenmt and is usually at 40® to the north~-
east. Soms variations in dip occur within the fold e.g. to the south
of Creag Dubh where the dip is 45% to the north-north-east and the oross-
fold plunge is 15° to the north-west. To the west in the Ben Eagach
outerop in the Allt Fearnach the dip is 60% to the east-north-east with
cross fold plunge at 30® to the south-east. The dip and plunge are
gimiler in the lower part of the Allt Glen Loch.

On the crest of the ridge between Glen Fearnach and Glen Loah,
to the south-east of Sron Chrion a' Bhacain a thin strip of limestone
not previously desecribed outerops among the Killiecrankie Schist.
Lithologically it resembles the Ben Lewers limestones more than those of
the Blair Atholl Series; the dip in common with the Killiecrankie Group
is 50° to the north-east. The Caledonoid plunge is 45% to the north=
north-east with the cross fold plunge at 20° to the south-east in the
north~western end of the outcrop and horizental rumning NW.-8.E,. in the
south-sgstern part of the outerep. The horisental plunge carries the
limestone above the Killiecrankie Schist, which outerops on a lower part
of the ridge farther south-~east. This outerop therefore appears to be

the remnant of a eross fold synform parallel to the Glen Fearnach Synfom.
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V MINOR STRUCTURES

Minor Structures in Rocks of Different Kinds

a) Quartzites

Bedding is best preserved in quartzites in which strings eof
pebbles (usually flattened) and graded beds can be recognised. Current
bedding is however extremsly rare in the area., The explanation for the
preservation of bedding is probably that the massive quartzites were
not intensely folded during the recumbent folding, movement being
taken up in bands in which a platy layering obscures the original
structures. Intervening strata show only gentle folding which can
be referred to the later superimposed folds. The quartzites responded
to the Caledonoid recumbent movements by tectonic thickening and
thinning on a major scale rather than by the production of minor folding.
The intensity of folding inereases towards the margins of the quartzite
outerops. Both the Ben~y-Gloe and the Cairmwell Quartzites are
characterised by a strong rodding on NW.-8.E, axis which is often
accompanied by mineral elongation. The rodding, however, is best
developed in the Ben=-y-Gloe Belt. On the N.E.-SN. axis lineations
take the form of small striations which are often bent by rodding.
b) Limestones

These are particularly instructive about tectonic style especially
where they contain thin siliceous layers, This is because the siliceous
layers are partly preserved from deformation by the effectively plastic
behaviour of the limestones. Similarly calcareous formations deform

more plastically than other groups on the major seale, so that the Blair



Atholl Series and calcareous Ben lawers Schist form bng attenuated
folds., When siliceous bands are present they show less extreme
deformation by folding whereas in the limestone the fold may be
partly or completely destroyed by shearing. The siliceous layers
gradually lose their continuity until they are only represented by
tectonic inclusions which are often recognisable fold closures. The
limestones show mach more exaggerated folds,the closures of which may
be lost through shearing. The final stage of shearing gives what
appears to be a uniformly bedded limestone but the fact that the layering
is not depositional in origin is imdicated by iseolated fold closures
end obliquely convergent layering somewhat similar to curremt bedding
in quartzites. Intense folding in more competent adjaceﬁt formations
also shows that the apparently simple structure in the limestones is
not original. The limestones in the Ben Lawers Group show the same
struetures as are found in the Blair Atholl Limestones.

Barly Caledonoid folds, which are isoclinal in form, are rarely
found in the limestonss because of the intensity of deformation but
are represented by the closures mentioned above. S&chistosity parallel
to the banding is in fact axial plane schistosity related to these
closures and in its turn is folded openly by the later Caledonoid and
cross folds.
¢) Schists

The most common planar structure seen in the schists is a well
developsd schistosity on which the later folds were formed on both

Caledonoid and oross fold axes. Associated with both sets of folds



are strong lineations on the same axes which usually talke the form of
wrinkles on the surface of the schistosity but also appear as minsral
orientations along a NW.-S.E. trend. This schistosity is normally
parallel to bedding but when the apex of a Caledomoid recumbent fold
is seen the schistosity cuts through the bedding and is sub-parallel
to the axial plans of the foldinge The schistosity is therefore an
axial plane schistosity produced during the recumbent folding.

In the graphitic Ben Eagach Schist there are also small gentle
undulations on the schistosity along the trend of both fold axes.
These are probably to be regarded as intermediate stagés between
lineations and the larger more promounced folds on whose limbs they
develop. The lineations express themselves as several sub-parallel
striations produced at various stages in the one movement. The
striations do not cut each other but the later onss cause the earlier
to fade out. The latest of these linsations is parallel to the present
"o" axis of the fold although the earlier were probably parallel to the
"o" axis at the time of their formation. Also in the Ben Eagach Schist
the lineations belonging to the later Caledonoid and cross folds cut
each other indiscriminately so that sometimes ome is later, sometimes
the other. This can be observed within a few feet and so points to the
fact that both sets of folds were essentially developed contemporaneously
although locally one may be later than the other.

New axial plane schistosities of strain slip type may develop in
association with the later folds on both axes but they are of local

extent only and have little signifiicance with regard to the major



structures. For example the most extensive and significant of these
later schistosities occurs on Ben Gulaebin where the dominantly N.E.-SW.
folds of the Cairmnwell Synform are truncated by the NW.-S.BE. folds
which align the formations to the south-west along this trend. The
schistosity belonging to the Caledonoid recumbent folds has been
upturned by the cross folds and cut through by their axial plane
schistosity. In the apices of the cross folds their schistosibty cuts
through the Caledonoid schistosity but on the limbs it runs parallel
to the earlier schistosity.

later shear bands develop on both axes in the schist especially
the quartzose Killiscrankie Schist. These are shown in Fig. 13. These
repregent the last stages of adjustment to the tectonic forces and have
1littls effect on the distribution of formations.
Boud inage

Bowdinage is not well developed in the area since the prerequisite
of hard bands with ad jacent softer layers is rare. For instance the
Banded Group of the Blair Atholl Series is a uniform grey schist lacking
the quartzite banis of the type area in central Perthshire, but the
Blair Atholl Limestones show some development of boudins where siliceous
bands are present. The Ben Eagach and Ben Lawers Schists are usually
too uniform to contain boudins, but boudins are found where siliceous
bands are present. Some good examples, however, are found within the
epidiorites in which some banis are harder than others,

Isolated fold hinges are not treated as boudins since they are

formed by compression and shearing during the folding while true boudins






- 56 =
are formed by tensional separation of a sheet of original hard ina:berial.

8tyles of Minor Structures in Different Areas

a) The Ben-y-Gloe Syndli.ne

In the quartzite, Caledonoid recumbent folds are not seen and the
later folds are only simple flexures. The cross fold direction is
delineated by mineral elongation and rodding and the late Caledonoid
by striations. The Blair Atholl Series in the Allt Mor, Allt Feith
Ghuibsachain, and Creag an Loqh are much more revealing, although at
first sight they seem to be evenly banded. Within the layers isoclinal
recumbent folds. are ‘preserrb on the N.E«S W, axis. They have heoen
upturned by later movement and are illustrated in Figs. 14 and 15. Ths
example from the Allt Mor, if flattened, would close to the north, but
this is a reflection of the effect of the later folding on the trend
of the recumbent folds. |

Later folds in the Blair Atholl Series taks the form of simple
undulations on both N.E.-S M. and NW.-S.E. tronds. In the Blair Atholl
outcrop on the north side of Meall na Spionag (north of the Ben-y-Gloe
Belt), a later schistosity is developed on the axial plane schistosity
produced by the recumbent foldg, which dips south at 50° to 80°, The
newer schistosity dips east-south-east at 30° and is associated with the
develop;ent of later Caledonoid folds, of which it is .‘l:he axial plane
cleavage. It is of the strain slip type and is illustrated in Fig. 16,

b) The Cairmvell Synform

Isoclinal Caledonoid folds, whose axial planes are parallel to the

regional schistosity, are well seen in the Cairnwell Synform. An



FIG, 15, Recumbent Caledonold fold in Blair Atholl

White Limestone.
South of an
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FIG., |6 Plan of Blair Atholl Dark Limestone shows E.-W,

bedding dipping South at 50° cut by NNE-SSW. cleavage
dipping ESE at 30° Mecall - na Spionag
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example in the Ben Eagach Schist is shown in Fig. 17; in this fold
the axial plane schistosity is the dominant structure, while the
isoclinal fold is picked out by a band which is more siliceous than
the usual schist. At the apex of the fold the siliceous band has
been cut through by the axiel plane schistosity produced by the fold.
Fige 18 illustrates similar folds in the Banded Group of the Blair
Atholl Series. In this group there is more variation in composition
between the pelitic and psarmitic members than in the Ben Eagach Schists,
so that the axial plane schisbtosity cuts through the earlier .pelitic
banding at the apex of the fold, but not through the psammitic. In
both Figs. 17 and 18 the axial plane schistosity asgociated with the
folds is parallel to the earlier banding at the apices of the folds.
The banding in the Blair Atholl White Limestons is often isoclinelly
folded but it can be shown that it itself is formed of earlier isoclinal
folds, which have been extremely attenuated. Fig. 19 is an example
in which the limbs of isoclinal folds themselves split into limbs of
the earlier isoclinal folds.’ Fige 20 shows isoclinal early Caledonoid
folds in the Allt Easgaidh, picked out by siliceous bands, which do
not develop axial plans schistosity. The be.naipg; in the limestone,
however, runs parallel to the axial planes of the folds, but is not
actually en axial plane schistositys. It represents the limbs of folds
similar to those in the siliceous bamds but whose apices have been
sheared out. '

Late Caledonoid folding, which refolds the schistosity of the

recumbent folds in the Blair Atholl Series of the Cairmwell Synfomm,
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~ is isoclinal in style and 80 is responsible for the repetition of
formations. It is accompanied by a "b" lineation, which consists
of crumples on the planes of schistosity.

Folds on the NN.-S.E. axis are rarer in this region, but are
also isoolinals Fige 21 is an example from the Ben Eé.gs.ch Schist, in
which a new axial plane schistosity is-developed. This new schistosity’
is of the strain slip type, a.nd differs from the axial plane schistosity
of the recumbent folds in that the hew micas developed .do not cut across
the ea’rlier layers, of which the fold is formed. In other words the
strain slip schistosity is not so strong as that produced by the
recumbent folds. A "b" lineation, which takes the form of crumples on °
the planes of schistdsity, and also mineral elongation is associated
with the cross folds.

Fige. 22 showm that the competent Cairmwell Quartzite on Ben
Gulabin develops simple late folds on the N,E,.-S W, axis, but Fig, 23
reveals that the hornblende schist farther Isouth-‘-east contains iso-
clinal folds similar to those of the Blair Atholl Series. In places
.8 new axial plane schistosity is developed at the apioces of the folds.

The cross folds in the extension of the Cairmwell outcrops in
Glen Thaitneich and its tributaries are shown in Figs. 24 and 25, In
Fig. 24 the folds in the Blair Atholl White Limestone are isoclinal
in form, but do not develop a new 'stra.i.n s8lip schistosity parallel to
their sxial planes. The folds illustrated in Big. 25, however, ars from
the striped part of the Ben Eagach Schist, in which both siliceous amd

pelitie layers are present. Accordingly a new strain slip schistosity









FiIG, 25, Crvoqs tolds in Ben Eagach Striped Schist,
Allt Aulich.
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FIG; 26. . Cross tolds . in Coitnv)cll Cluart'zi’t.c. .
Creag Dallaig. '
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developed in the pelitic layers, although the folds are more open than
those in Fig. 24. The gentle oross folding found in the Cairmwell
Quartzite of Creag Dallaig is exémplified by FPig. 26.

The wvarious types of folds ‘found on Creag Lamhaich are shown in
Figse 27, 28, 29 and 30, Fig. 27 is an example of the early Caledonoid
folds, which control the distribution of formations. It is isoclinal
in form, and its axial plane schistosity, which cuts through the
pelitic banding at its apex, forms the regional schistosity. The fold
is preserved in a siliceous band in the Ben Lawers Schist, but it
can also be distinguished between the schistosity in the pelitic layers,
Fige 28 shows thse la.ter' folds, also on the N.E.-8 N, axis, which refold
the earlier schistosity. These folds are usually open in cha.rac’cer;
and do not form a new strain slip schistosity. Figs. 29 amd 30 illustrate
the cross folding, which is present throughout the outerop and is ise-~
élinal in character. Similar foldé envisaged for the major structure
would carry the south-east end of the Ben Lawers outecrop under the Ben

Bagach Schist, because of the south-easterly plunge of the minor folds,

c) The South-Western Folds

| The outcrop of Killiscrankie Schist between Glen Thaitneich amd
Glen lochsie contains the early Caledonoid recumbent folds, whose axial
plane schistosity is the regional schistosity. Fig. 31 illustrates these
in the Ben Lawers Schist adjacent to the Killiecrankie Schist. This
example is tyi)ica.l of the early Caledonoid folds in the south-western
part of the area, where the cross folds are dominant, so that the early

folds éonsist of sheared out limbs, and apices which transgress the



FIG. 27 Early Caledonoid tfolds in Ben Lowers
Schist
North-west end of Creaq Lamhaich.

FIG, 28. Late Caledonoid folds on axial plane
schistosity of early folds in Ben Lawers Schist,
North end of Creag Lamhaich.
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FIG. 29. Cross folds in Ben Lawers Schist.

North end of Creaog Lamhaich.
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EIG. 30. Cross folds in Ben Eagach Schi‘st“.
South end . of Creag Lamhaich,
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regional schistosity., The fold style at the south-eastern end of the
Killiecrankie Schist on Creag a' Chaise is shown in Fig. 32. At this
locality the isoclinal cross folds on the regiénal schistosity plunge
to the south-east to carry the outcrop under the Ben Lawers Schist,
Isolated siliceous lenticles are remnants of early Caledonoid folds
within the schistosity. A strong mireral elongation represents the

"p" lineation of the cross folds. This limeation and the "b" lineatiomn
of the late Caledonoid folds also take the form of crumples on the
planes of schistosity. The Caledonoid lineation cuts the ome running
NW.<S B,

South~west of the Glas Tulaichean outorop of Killiscrankie Schist,
the Ben Lawers Schist in Glen Lochsie reveals well developed minor folding
since limestone bands are intercalated with the calcareous schist, ‘Fig. B
illustrates the recumbent Caledonoid folds which produce the regional.
schistosity and cause disruptions within the laysrs. They were refolded
on the same axis by open folds, whose axial planes are at a considerable
angle to those of the recumbent folds. Fig. 34 isi an example of the
cross folding which. is superimposed upon the earlier Caledonoid folds.
The cross folds -are isoelinal and have developed a new strain slip
schistosity in the pelitic layers between the plames of the regional
schistosity.

Thé cross folds are the dominant minor structures south-west of
Glen Lochsie and are néarly alweys isoclinal, with their axial planes
dipping to the north-east. In some parts of the area, however, the

late Caledonoid folds are the more powerful. Such a part is the outerop



schistosity in Ben Lawers Schist.




of Cairmwell Quartzite which tremds N.E.-S . through Carn Tarmachain,
At the south-western end of the outerop the late Caledomoid folds are
isoclinal with their -axial planes dipping towards the south-east, but
farther north-east the folds become gentler and open in form. The
major structure is of the‘sa.me shé.pe from the dips, as well as from
the evidence of the minor structures,

Caledonoid folding also controls the trend of the Ben Lewers
Schist on Sron Fearmach as shown by the outerop of epidiorite found
on that ridge. That the folding again is of open type is shown by
the style of the folds in Fig. 35, and a new axial plame schistosity is
developed in the pelitic layers at the crests of the folds. In some
parts of the outcrop, however, the cross folding is dominant eand is of
the type shown in Fig. 36. The cross folds, which were formed on the
regional schistosity, consist of a long and a short limb. A new strain
8lip schistosity cuts through the regional schistosity at the apices
of the folds. In the localities where the cross folds are dominant the
late Caledonoid folds taks. the form of simple undulations. This inter=-
play of the two directions of 1atér folding shows how the formations
can outerop over wider areas than might be expected from the direct
measurement of plunge in any areae. |

South-west of Glen Shee there is a wide outerop of Ben Lawers
Schist before the Cairmwell rocks are again found., In this belt the
minor folds on the N.W.-8 .E. axis are characteristically isoclinal and
are illustrated in Fige 37. Ome limb is nearly always shorter than the

other, and a new axial plane schistosity developed in the pelitic layers



F‘G 36_ Cr 03 ‘O‘d,
Beh Lower® Schin.

sch‘utosity in
Sy on F carnach:



FI1G., 37, . Cross tolds with new axial plane
schistosity in Ben  Lawers Schist,
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FIG. 38, Late Caledonoid tolds in ~Ben Lawers
Schist.
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at the apices of the folds is parallel or sub-parallel to the regional
schistosity. Fig. 38 shows the simple wmdulatory nature of the late
Caledonoid folds in the same outerops.

In the Ben a' Cruachain outcrop of Cairmwell Quartzite the cross
folding is of both isoclinal and open types. The surrounding Ben
Lawers Schist contains recumbent Caledonoid folds picked out by lime-
stone bands, which are common in the western part of the Ben Lawers
outerope In the pelitic leyers the axial plane schistosity of the
recumbent folds forms the regional schistosity. The latter is refolded
by isoclinal cross folds and gentle open Caledomnoid folcis.

d) The Glen Fearnach Synform

In this region the dominant minor structures, as would be expected
from the trend of the formations, are the late cross folds and the
associated lineation. Early Caledonoid folds, however, are picked ,
out by limestone bands within the Ben Lewers Schist, and their axial
plane schistosity is that of the region. At the head of Glen Fearnach
towards the spex of the synform the cross folds are even more numerous
amd obliterate nearly all other structures. Fige 39 illustrates an
isoclinal synform in the Ben Lawers Schist near the slide. It is
similar in style to the Glen Fearnach Synform. The "b" lineation of
the cross folds consists of mineral elongation and strbng crunples on
the planes of the regional schistosity. Fige 40 is typical of the gentle
undulations which are the late folds on NE.-8W. axis in this region.

Age and Relations of the Folds

The early folds are Caledonoid in trend. Subsequent folding has

caused the strike of their axial plunge to vary somewhat but it is
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usually between N.45°E, and N.60°E, Their axial plame schistosity
which forms the regiomal schistosity has been refolded by the later
Caledonoid and cross folds. The former tremd N,N.E.~8.S8 . in the
north-sastern part of the area(but towards the south-west they swing
to NE.-8 M. Similarly the cross folds swing from W.NJ.-E.S.E. in
the north-sast to NW.~5.E. in the south-west, When axial planme
schistosity associated with the later folds has developed, it is usually
parallel to the regional schistosity because the folds are isoclinal.
Locally, however, the later folds are more open in character and then
the new schistosity is oblique to the older. Thus in parts of the
south-western region, where the early schistosity dips to the north-.
east, the later schistosity also dips to the northeeast, but is steeper
than the earlier. The angle between the two is usually between 10° and
15°,

The early folds may be correlated with the Caledonoid recumbent
folds. Earlier folds on both Caledonoid.and cross fold axes ars, however,
found in the Flat Belt to the south. On the major scale King and Rast
have postulated that the cross folds are accommodation structures which
resulted from the confinement of the orogenic belt in the direction of
the major b-axis. The minor cross folds in this area are later than
the Caledonoid recumbent folds but earlier than the later Caledonoid
folds., The latter, however, camnot be unfolded without partly unfolding
" the cross folds. Therefore the two later fold systems were in part
contemporaneous. The cross folds must have originated somswhat earlier tham
the later Caledonoid since they have been refolded by the latter in some

places,
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VI FOLTS

There are two mejor faults which are found towards the south-west
of the area in Glen Feernach.

On the south-western side of the more important fault, the Glen
Fearnach Fault, a structurally ascending succession is seen from
south-east to north-west, but is in fact descending stratigraphically.
The lewest group on this side iz the Pitlochry Schist, followed by
the full succession up to the Killiecrankie Schist except that the
Ben Eagach Schist has been eliminated by sliding, On the north-
eagstern side the succession ranges from the Ben Lui Schist to the
Killiecrankie Schist; the Loch Tay Limestone has been cut out by a
NE S W, fault to the south of the present aree.

There is a rapid change in strike from one side of the fault to
the other; the dip on the south-western side being fram 30° - 60° to
the north-west, and on the north-sastern 20° « 30° to the north-east.
On the north-esstern side, however, there are seme variations in dip;
where the Ben Lewers Schist swings to meet the fault near its centre,
while at the north-western end the dip has swung from north-east to east.

That the fault is not primerily a tear fault, like so many of
the large faults which trend N,E.-S W. in the Southern Mighlands, is
shown by the fact that the bounderies of the verious formations do not
match if any one of them is placed alongside its fellew on the opposite
side of the fault. There may, however, be some strike-slip. The
north-western boundary of the Ben Lewers Schist, marked by the Southern

Slide, shows a displacement of two-fifths of a mile while the southern
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boundary of the seme formation is displaced by nearly 'Ewo miles. The
Loch Tay Limestone is not seen on the north-eastern side of the fault
but reappears farthsr south on the south-western side. Here it dipe
to the east-south-east at 25° so that the Pitlochry Schist between
it and the mein outcrop of the Loch Tay Limestone is part of the Flat
Bolt structure. At its north-western end the fault finally dies out
~in the Killiecrankie Schist outerop in Glen Loch.

The structure is that of a normal fault with a moderate downthrow
to the north-east to bring structurally higher rocks down against
lower but younger ones. The amount of throw is difficult to estimate
since the formations on either side of the fault dip in different
directions. The downthrow must however be more than the apparent
thickness of the Ben Lui Schist and loch Tay Limestone since Ben Lawers
Schist is downthrown to outerop alongside Pitlochry Schist. The amount
of throw may also be exaggerated by the north-essterly dip on the
north~east side of the fault since the Loch Tay Limestone may be
present just below the surface on a NJW.-S.E. trend. The unocertainty
is caused by the cress folding along Glen Fearnach; the fault itself
may represent the last resolution of stresses along the NW.~S5.E. axis
which was probebly in existemce along the glen from the beginning of
the orogeny.

Using the outerop displacement of the south-eastern boundary of
the Killiecrenkie Schist on either side of the fault a maximum down-
throw of 1,500 feet to the north-east is estimated but this may be

exaggerated by the difference between the strikes on either side. The
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throw may be considerably less in other parts of the fault. The

Glen Fearnach Fault is partly responsible for the preservetion of

the Cairnwell Synform to the north-east whereas 'bhe‘ latter has been
removed by erosion from other ereas. The fault itself is not well
exposed usually occupying the river bed or hollows in the hillside

but its outerop can be traced both by these features and the surrounding
rocks. As the fault plane itself is seldom seen slickensides are

rare but sometimes occur on meighbouring rocks. Those that do ocour

are predominantly vertical although soms are obligue showing that a
little horizontal movement has taken place.

Another minor fault branches off from the Glen Fearnach Fault to
run north-east through Ben a' Cruachain; it curves gently along its
length to run almost due north so it may have formed es a result of
the stresses imposed by the Glen Fearnach Fault. It is also a nommel
feult downthrown to the west but the throw is of smell smount end
only slightly displaces the formations. The outcrop displscement is
greater at the southern end of the fault and so the throw appears te
be greater but this is partly because the Ben Lawers Schist there
dips to the north-north-east at 25° whereas the Cairmwell Quartzite on
Ben a' Cruachain dips at 60° to the north-east. In faet the throw
decreases from 150 feet to the west at the southern end to 50 feet at
the Cairmwell Quartzite outorep on Ben a' Cruachein, 8lickensides i

are vertical showing that the movement is that of a normsl feult produced

by tension after the compression, which was responsible for the felding,

hed ceased.
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Vii, NISTORY OF MINERAL DEVELOPMENT

In the field the minor structures displsy early folds on +the
NE.SN. axis, which developed a strong axial plane sehistosity.
This in turn was refolded, not only along the N.E.-S W, exis but also
on the N, W.-8.E, axis. New local schistosities were also developed
by the later folds. All these structures csn be recognised under the
microscope.

The tectonic events are denoted as followss=-

87 Flow cleavage

S, Axial plane schistosity, produced by folds which refold 84
S8z Strain slip schistosity, oblique to Sp

S is taken as a cleavage rather than as bedding since fine micas
have grown along it. Although bedding is usge.lly teken as Sp, the flow

cleavage is the earliest planar structure found in the schists of the
present area. The folds which may have produced S; cennot be found sime
they have been cbscmred by the complexity of the later structures. That
earlier folds existed is evident from the Flat Belt, where the sequence

of early folds has been preserved.
Sy is folded isoclinally; the folds developed a strong axial plane

schistosity, S5, which, in the field, is seen to be the regional
schistosity. I, in turn, is refolded by the crumples associated with Sg,

which are found on both N.E.-S.W. and N.W.-S.E. axes, in agreement with
the later folds on these trends. Either direction may be dominant according

to whether the area affected has been chiefly deformed by the late Caledonoid
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or by the cross folds. The develoment of minerals has been gimilar

in each cese. Therefore the latest strainslips have been termed 8z

although they lie on both Caledonoid and cross fold directioms.

Barrow (1893) classified the metemorphic rooks of the South-Fast
Highlends by the inceming of successive minerals in the pelitic schists
with rising temperature and pressure. Me placed the whole of the ares
in the Garnet Zome,

The Bleir Atholl Series

a) Schists

In the Dark Schist the flow cleavage, which represents §7, is
characterised by the growth of fine muscovite., This mineral was also
formed during Sy but is coarser than that of $3. Sp also causes rotation
of pgarnets between the planes of schistosity; the inclusions, which show
the rotation, are more frequent in the rims than in the centres of the
crystals. In the Ben-y-Gloe Syncline 8s, the late strain slips, cause
the muscovite to recrystellise, This process continues after Sg and
there is also late recrystallisation of quartz apnd albite. In the
Cairmwell Synform, however, Sz is very strong, with orumples which fold
several layers, end which are not only restricted to the micaceous omes.
Muscovite formed before, during, and after Sz as well as during Sp. The
muscovite flakes formed during Sz are cut by those formed during Sg.
Micas developed between the periods of movement cut the earlier mices
haphazardly, but are themselves cut by the mieas of the later schistositye.

Clinochlore is later than Sy and quartz recrystallised after Sg, since
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the outlines .of the quartz blur the minerals orientated by Sge The
strain slips of S3 often contain iron ore. In the Ben-y-Gloe Syncline

biotite appears es a ia:be mineral and is partly mimetic after muscovite.
It also replaces the outer portions of some of the garmet porphyroblasts,
whereas in the Cairmwell Synform biotite did not form at any stage.
Magnetite is a late accessory throughout the outerop.

The Banded Group in the areq is almost always a miceceous quartz
schist consisting of alternating quartzose and micaceous layers. In
the quartzose layers e folded flow cleavage, along which fine muscovite

has grown, represents S;. Sy is the exial plane schistosity which forms

the layering, and rotated the garnets, when these are present. Muscovite

grew along it, but also formed after Sp, and during and after Sg.
Biotite and clinochlore grew after Sy and Sg, and the garnet was partly
chloritised after §z. Magnetite is a late mineral, as is albite when

present, Late minerals are idiomorphic against those formed earlier and
magnetite forms cubic crystals rather than the laths developed during
the formation of a schistosity. Both the albite and the quartz recrystal-
lised after Sz. In some localities spots with post-tectonie sphaerocrysts
of chlorite are found. Veins with prochlorite, which are sometimes
present, are much later in origin. Pyrite was probably en original
constituent of the rock, but may have been introduced from the later
lemprophyre dykes.

A rock thought to be the matrix of the Schichallion Boulder Bed

outerops on Creag Leacach. It is dark grey in hard specimen with sheared



out quartz lemticles. The achistosity, along which biotite has grown, can

be correlated with 52 in the field. Mornblemde, ilmenite, and zoisite
are later than Sz, since they out the mica of Sz, The hormblende has

been partly replaced by chlorite, which also appears as a late mineral.
Late calcite xenoblasts show develoment of twiming, but afterwards
recrystallised.

Intermediate between the schists and limestomes of the Blair Atholl
Series are some schistose limestones in the Banded Group. Muscovite and

biotite formed during both Sp and Sg. Quartz and caleite recrystallised

post-tectonically, and the calcite doss not show twin lamellae.
b) Limestones

Ihe Dark Limestone consists of an equigranular mosaic of caleite
which shows shape orientation with twin 1am§11a.e in the grains which hawe
not been recrystallised. The orientation is parallel to the banding

which probably corresponds with Sp in the schists. The c-axis of the

crystals, as shown by the use of a mica plate, is also parallel to the

banding. Quartz and zoigite dre interstitial to the caloite, and magnetite

is a late accessory, forming cubic crystals. Sz is not present as a

strain slip schistosity, but the crumples which form it appear as gentle
flexures, In the Ben~y-Gloe Syncline biotite grew during the formation of
the banding, and there is little or no late recrystallisation. In the
Glen Loch region, however, where the rocks were affected by the formation
of the Glen Fearnach Synform, a different sequence of events can be
recognised, There was late post-%ec‘bonic recrystallisation of the caleite

which partly replaced the zoisite, while the fine graphite contained in



the zoisite recrystallised. Biotite is post-tectonic since it is idio-
morphic against the other minerals. In the southsrly outorops of the
Cairmwell Synform there is little or no post-tectoniec recrystallisation,
but in the north recrystallisation has caused the obliteration of
twinning in the calcite and disintegration of the muscovite formed
during Ss.

The White Limestone is essentially similar to the Dark in ita
composition snd metamorphic hostiry, and differs from it only in its
lack of graphite. The striped variety, named "Tiger Rock" by Barrow
(1905), is due to varying proportions of the minersls in different bands,

which correspond with S5 in the schists. The darker bands consist of

calcite with a little interstitial quartz, whereas the lighter are
almost entirely composed of gquartz. The calcite shows shape oriemtation,
and muscovite flakes formed along the banding. Crumples represent the
folds assoclated with Sz, and both the quartz and calecite show late
recrystallisation,

The Perthshire Quartzite Series

a) Quartzites

The Ben~y=-Gloe Quartzite is a massive rock which is often felspathie
and finely pebbly. Under the microscope it shows well oriemtated quarts
and muscovite. The orientation of the guartz is given by its shape and
the position of the "¢" axis of the crystals as determined by the use of
a mica plate. Albite and mcoessory magnetite are late minerals, since
they form granoblastic crystals which do not follow any of the plenar

structures., The quartz has undergone syntectonic recrystallisation.,
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The Cairmnwell Quartzite is sometimes a fine-grained, somotimes a
pebbly quartzite. In the Cairmwell Synform the former type sontains no
relict sedimentary grains but farther south-west 5% = 30% of the grains
are sedimentary in origin. The rest of the gra.i.ns‘are uéually fairly
well orientated by shape and muscovite flakes grew parallel to Sz in the
schists from field observations, The amount of recrystallisation from
north~east to south-west, and where it is strong, it has disorientated
the quartz grains,

b) Killiecrankie Schist

The Killiecrankie Schist is a remarkably uniform garnetiferous
quartz mica schist, except in the western part of the area where it is
more quartzose. There quartz banis are common in the nose of the Glen
Fearnach Synform, while the Allt Glen Loch section is entirely quartzitie
end was mapped as quartzite by the Geological Surwey. Otherwise there is
only one mappeble quartzite bami, which is found om the eastern spur
of Glam Tulaichean,

The schist is characterised by a strong schistosity, which is 83,
This has obliterated mearly all traeces of 83, which is followed by fine
muscovite. Coarser muscovite grew during the formation of 82, and garnet

porphyroblasts were rotated betwsen the planes of S5, The cores of these

garnets are pich in inclusions, while the rims lack them. Magnetite

formed during 83, since laths of it have grown along the micas which
follow Sy,. Biotite sometimes grew during Sp, forming an intergrowth

‘with the muscovite, but is more common during and after Sg, when new
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muscovite and epidote are associated with it; they cut the earlier micas.

Unrotated garnets developed during Sg but were often chloritised post-

tectonically, when clinochlore also grew after the late biotite. MNorn~
blende is an occasional late mineral, and late albite, which is found

in the part of the outerop following the Caledonoid trend, is zoned.
Quartz , muscovite, and biotite show some post-tectonic recrystallisation,
in which the crystals grew to blur the shapes of the grains formed during
Sy and Sg.

Near the boundary slides the schistosity in the Killiecrankie Schist
is sharper, while the micas are coarser and show a lamellar intergrowth
of muscovite and biotlte. There are late strain bands, obligue to the
schistosity, which contain caleite. The quartzite found near the slide
at the head of Glen Fearnach shows strong syntectonie recrystallisation
so that no sedimentary grains are left,

The Ben Eagach Schist

Botwoen the Cairmwell Quartzite and the Ben Eagach Schist on Ben
Gulabin there is wide outerop of transition rocks, which consist of
alternating bands of quartz and mica., These bands were formed by a sharp

schistosity, probably Sa, during the formation of which muscovite and
magnetite grew. Muscovite was also produced during Sz; all the muscovite

recrystallised post~tectonically. Biotite and chlorite both formed during
the post tectonic period but the chlorite was somswhat later than the
biotite, since chlorite sometimes replaces biotite,

The Ben Zagach Schist neag the Spittal of Glenshee is a soft, black,

finely crystalline, mica=-schist, which weathers rusty, owing to its content
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of pyrites. At this locality it is straight-cleaved and garmet-free.
When, however, it is traced to the north-east, round the Cairmwell
Quartzite, it becomes somewhat lighter because it contains a smaller
proportion of graphite, while the planes of schistosity are puckered
and small garnets are common.

In thin section the black variety from Glenmshee reweals 83, 83,
Sz end Sgh Szl is a strainslip similar to Sz but with a different
inclination relative to 8g. The plunge of its orumples, however,
remains coaxial with that of the crumples of Sz, 83 is represemted by

a flow cleavage along which muscovite has grown and which has been cut

through by the schistosity, S, Muscovite has developed elong §,, and
also along Sz and Sgl. Both miscovite and guartz have been slightly

recrystallised but recrystallisation may have been somswhat inhibited
by the high proportion of graphite presemt. Late magnetite is accessory.
The dark schist found on the flanks of the Cairmwell Synform shows
a well developed schistosity which is S5, Both muscovite and biotite,
with accessory epidote, grew during its formation and also during Sg.
Idiomorphic garnets have been rotated between the planes of Sz, Quartz,
muscovite, and biotite have all recorystallised post-tectonically. Lete
magnetite is accessory.
The Ben Eagach Schist of the south-western part of the area is
essentially similar to that of the Cairmwell Synform but does not contain
so much graphite as at the Glen Shee exposures. Although some rotated

garnets are present other garnets are a later growth associated with Sz
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but have suffered post-tectonic chloritisation. Biotite is not found
in the north-eastern part of the area but towards Glen Fearnach it has

developed along Sz and has suffered post-tectonie recrystallisation

along with the muscovite. Near the Ben Lawers Schist in Glen Fearnaeh
post~tectonic hornblende is found in the Ben Eagach Schist., It in turn
is replaced by chlorite.

Another peculiar rock is found along some parts of the jumction
of the Ben Lgwers and Ben Eagach Schists in Glen Thaitneich. This is

characterised by very large garnets which are associated with 83; and

has been termed the "Big Garmet Rock" (see p. 16 ). The garmets have
a higher proportion of inclusions, mostly quartz, than is usual but the
matrix differs little from the normal black schist., The mica, however,
has been entirely replaced by a greenish chlorite with the seyara:bioh
of mmch late magnetite.

The Ben Lawers Schist

The Ben Lawers Schist near the Cairmwell Synform shows Sq as a flow
cleavage with muscovite and chlorite, These minerals also develop along
8p and Sz, Calcite is orientated along Sy by shape but disintegration
during Sz has destroyed twinning., Chlorite has recrystallised post-
tectonically to form fan shaped crystals intergrown with muscovite. Quartz
and calecite also show strong post-tectonic recrystallisation., Late blotite
is sometimes mimetic along the schistosity. Ilmenite has developed as an

aecessory along Sz while magnetite, sphene and epidote are late.

A 1little farther south-west the essential picture remains the same
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but biotite is more common end has sometimes developed along S, aml Sg,
Late hornblende xencblasts are post-tectonic. Ilmenite has grown during

Sp while epidote is late and is associated with orthite in Glen lochsie.

In Glen Fearnach the earlier events are similar to those described
above, but are partly obscured by strong post-tectonic recrystallisation.

This affects muscovite and biotite while calcite takes the form of

xenoblasts without twimning. HNormblende and plagloclase are both post~
tectonic. The latter shows zoning in dependence on muscovite inclusions;
beside the latter there is a thin zone of albite while the main part of
the erystal consists of andesine. At the head of Glen Fearmach, however,
the plagioclase has suffered extensive sericitisatiom.

The actinolitic facies of the Ben Lawers Schist is well developed

only on Creag Lamhaich. MNere Sy contains chlorite which has been post-

tectonically recrystallised. The schistosity, however, has been largely
obliterated by the late growth of actinolite poikilitic xenoblasts and
garnet which has formed in the inbterstices between the actinolite. These
garnets are riddled with quartz and magnetite inclusions which, however,
are not rotated. Magnetite is also a common late accessory in other
parts of the rock., A little calcite is also of later growth.

The limestones in the Ben Leawers Group are essentially similar to
those of the Blair Atholl Series. They are most eommon along Glen
Fearnach and their metamorphism corresponds to that of the schists in
this area. Sy is shown by coarse caleite with good shape and lattice
orientation, the latter being revealed by strong twimning, Muscovite

included in the calecite is also parallel to the schistosity. It contains
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graphite, as does late albite. Interstitial quartz, magnetite, and
tabular epidote are late accessories, Near the head of the glen the
calcite grains vary greatly in size in the different planes of
schistosity and large idiomorphic garnets without inclusions are of
late growth.

The Epidiorites

The epidiorites in this area, when they have not suffered retro-
gressive metamorphism, can be placed in two main categories according
to the presence or absence of garnet. According to Wiseman (1934)
both types can be equated with the garnet zone of the semi-pelites,
Both types are chiefly composed of hormblemde and plagioclase and can
be further subdivided by the presence of biotite, epidote, or both
these minerals,

The epidiorites may conveniently be considered, not on their
ninerasl content, but on their structural position,

Epidiorites in the Ben lawers Schist

The epidiorites in the Ben Lawers Schist usually lack garnet.
A specimen from the centre of a thick sill serves to illustrate the
least metamorphosed epidiorites found in the area. It has been so
little affected by later movements that it is more igmeous than
metamorphic in character. In hard specimen it shows no sign of the
schistosity usually found to at least same degree in an epidiorite. A
thin section reveals that it consists of an aphanitic groundmass of
hornblende and plagioclase crystals with a doleritic texture in which
are set pseudomorphs of chlorite after phenocrysts of augite. Epidote,

magnetite and granular sphene are accessories while calcite is secondary.
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The texture serves to show that the rock has been preserved from most
of the effects of regional metemorphism by its presemce in the centre
of a thick sill,

The usual type of epidiorite reweals good grain orientation which

may be equivalent to Sz in the schists. This orientation is formed

by the growth of large hornblende crystals and accessory epidote.
Magnetite sometimes formed along the grain boundaries of the hormblende.

Gentle crumples may represent the crumples associated with 85 in the
schists, Smaller hornblendes have grown along Sg. late magnetite is

a common accessory end plagioclase has undergone post-tectonie reorystal-
lisation. The plagioclase ranges from albite to endesine, When
garnets are present they are usually chloritised.

Hornblende schists found at the margins of the sills usually consist
of streaks and lenticles of the epidiorite within the country rock. They
contain the same structures as the surrounding schists. Farther out fram
the intrusioms, the country rock comtains hornblende crystels which have
been introduced from the epidiorites during metamorphism.

Epidiorites in the Killiecrankie Schist

The epidiorites in the EKillieorankie Schist follow the planes of
the regional schistosity (Sg), and have been refolded by the folds

associated with §ze They are usuelly finer grained then those in the

Bon Lawers Schist and garmetiferous types are common. They show strong
orientation of the hormblende crystals anl sometimes biotite and epidete

are similarly aligned. This orientation may represent Sg in the schists,

Garnets, both with and without ineclusions, are present but have not
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boen rotated. The plagioclase has recrystallised post-tectonically
end is usually of the composition of andesine, Late magnetite and
sphene are accessories.

Retrogressive Metamorphism

A characteristic feature of those epidiorites in the garnet zome
which have not suffered retrogressive metamorphism is the absence
of muscovite. In retrogressive metamorphism, which is caused by late
shearing, the hormblende, biotite, and garnet are converted into chlorite
and calcite. At a later stage in the process white mica is also formed.
There is an inorease in the proportion of the albite molecule in the
plagioclase but this alteration does mnot eccuf so readily as those in
the ferromagnesian minerals.

Sumary of Minersl Develepment

In the schists §7 is characterised by the growth of fine muscovite.
85 rotates garnets when these are present, end muscovite and sometimes

biotite and chlorite have formed along it. Ilmenite and magnetite may
be accessories associated with 8. Muscovite, biotite, and chlorite
are also found along Sg. Biotite and chlorite have often developed
efter 873 the chlorite is usually later than the biotite. In the Ben
Lawers Schist calcite was orienteted by 8z but recrystallised during Sg.

Plegioclase porphyroblasts and hornblende are lete minerals. Quartz,
mica, and albite have usually suffered post-tectonic recrystallisation.
The limestones show good orienmtation of calcite during the formetion

of a banding which may be correlated with 5,. Later crumpling, however,
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has often caused recrystallisation.

Sedimentary grains are best preserved in the south-western out-
crops of the Cairmwell Quartzite, where they may make up 25% of the
rock, The remasinder of the grains are usually fairly well orientated.
Post tectonic recrystallisation is usually slight, The Cairnwell
Quartzite of the type area and the Ben-y-Gloe Quartzite show good
orientation with syntectonic recrystallisation. This orientation may

correspond with 8,5,

Syntectonic recrystallisation in all rock types is strongest
along Glen Fearnach. Unrotated gernets are chiefly found in Glen
Fearnach.

The epidiorites in the Ben Lawers Schist are characterised by
the growth of hornblerde along the schistosity, which probably

corresponds with 85, and plagioclase has recrystallised post-tectonically.
Those in the Killiecrankie Schist have been intruded along S, and
their minerals show orientation corresponding to 8z. Garnetiferous

types are more common in the Killiecrankie Schist.



VIIT MAJOR INTRUSIONS

Two major intrusions are present in the area, the Carn Mor
Granite or Porphyry and the Glen Shee Diorite. They are dissimilar
in form as well as in composition although both probebly belong to
the same period of intrusion, that of the Younger Granites of
Caledonian age. These are poét-tectonic masses in which the mode
of emplacement was intrusion rather than replacement as in the Older

Granites which often take the form of gneisses.

1. The Carn Mor Porphyry

This rock is variable in texture in different parts of its
outerop. On Carn Mor itself it is a fine granite and has bsen coloured
as such on Sheet 65 of the Geological Survey one-inch map of Scotland,
A peculiarity of its outcrop, however, is the mumber of apophyses which
extend from the main mass and these grade down in grain size to that
of a quartz porphyry. The chief of these runs south-west across Glen
Lochsie and then turns through a right angle to the south-east to form
the crest of the ridge between Glen Lochsie and Glen Fearnach. Its
outerop becomes narrower and its texture finer along this outcrop until
it dies away on lairig Charnach. The form of this apophysis is that
of a dyke cutting the metasediments as is that of the tonpgue which is
well exposed on Cern nen Sac and extemds to the Allt a' Ghlinne Bhig
and also of that on Creag a' Choire Dhirich.

The mergins of the main outcrop, however, are not well enmough

exposed to reveal the nature of the contaclts since the intrusion stands



above the country rock like a wall on the higher partsof the hills

and scree obscures the junctions. This attitude would seem to indicate
that the intrusion takes the form of a sill of which the south-western
tongue is the feeder dyke. Alternatively the tongue may have been
fed from the sill the feeder of which is not exposed since it occurs
below the sill. Another argument in favour of the intrusion being a
8111 is that there is no displacement of the host rocks which would

be expected if an intrusion of this size emplaced from below. The
main body of the intrusion is everywhere in contact with the Blair
Atholl Series while the tongues cut through the underlying rocks to
regch the Ben Lawers Schist in one place. A striking feature of this
large intrusion is the slight thermal effects it has produced on the
surrounding schists which are only baked or indurated for a few feet.
This supports the conclusion that the form of the intrusion is that of
a sill.

Petrographically the porphyry on Carn Mor is composed of quartz,
orthoclase and plagioclase with chloritised mica and magnetite as
accessories. The quartz is cleared and unaltered but is lobate im
form indicating that it has been corroded by the felspar. The latter,
on the other hand, has been largely altered; the orthoclase in particular
has been affected. This alteration chiefly consists of sericitisation.
The felspar which is more abundant than the quartz, ooéu.rs in large
crystals, the orthoclase being euhedral and the subordinate plagioclase,
some of which is well zoned, subhedral. The plagioclase is of the

composition of oligoclase.
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The tongue reaching down to Glen Beag is similar in composition
but different in texture. The rock found here is a porphyry formed
of phenocrysts of altered felspar together with a few quartz grains
set in a matrix of smaller crystals of the same minerals, the felspar
being similarly altered and the quartz even less evidemt.than in the
phenocrysts. The felspar of the phenocrysts is chiefly plagioclase
about oligoclase. Occasional phenocrysts of chloritised biotite with
granular sphene and secondary calcite appear while magnetite is
2.ccessory.

4 marginal veriety from the Clais lor is more acidic in com=
position. Rounded phenocrysts of quartz are rare and most of the rock
is composed of altered felspar laths which are chiefly orthoclase but
there is some oligoclase. Chlorite forms after biotite and sericite
is the commonest alteration product of the felspar. Magnet‘;te is
accessory and calcite secondarye.

The dyke like part of the intrusion crossing the Lochsie Burn
shows the same type of quartz and felspar phenocrysts as those found
in Glen Beag. The felspars in both the phenocrysts and the groundmass
are so heavily sericitised that they are difficult to determine but
both orthoclase and some plagioclase are present. Some large chlorites

appear to be replacing biotite, and ilmenite is accessorye.

2. The Glen Shee Diorite

This intrusion occupies low ground to the east of Glen Shee which
mainly lies outside the area of this thesis so that only its northern

and eastern margins have been mapped, where it cuts the Ben Lewers Schist



and the Duchray Eill Gneiss. To the north the diorite appears to
 pass under the country rocks forming the high ground of the Creag

of Rimavey but its eastern margin is probably vertical. |

It has been described in detail by Williamson (1935) and the
following is confirmatory of his findings. The diorite is poorly
exposed over most of its area although its presence can be ascertained
by the frequent occurrence of boulders. The two main areass of
exposure to be described are near Dalhenzean and along the base of
the Creag of Rinmavey. There are other marginal exposures further
east but these have not been mapped.
The great mass of the rock is made up of what Williamson has

termed the "Main Granodiorite”. It is medium grained and pinkish

in colour because of weathered folspar which together with grey quartz
is the chief constibtuent of the rock. There are small patches of
mafic minerals. In this section the felspar can be seen to be
dominantly plagioclase which forms well zoned euhedral to subhedral
crystals. It varies from oligoclase to acid andesine in composition
and shows frequent sericitisation. Quartz and a little orthoclase
ars moulded on the plagioclase. Biotite is fairly abundant and is
strongly pleochroic from yellow to dark brown. It also shows lemellar
trinning and is sometimes altered to chlorite. Hormblende is a pale
green variety end shows twinning. It is optically negative with an
extinction angle of 229, Sphene, magnetite and pyrite are accessory
and small euhedral crystals of apatite appear in places.

A more acid variety is found on Craigenloch Mill which is white



in colour because of less altered plagioelase. It contains a smaller
rroportion of the ferromagnesium minerals and is slightly finer in
grain probably because it is merginal,

At Dalhenzean the marginal phase of the intrusion is somewhat
more basic than the main body probably because it represents one of
the early pheses of intrusion. Its mineralogy is similar to that of
the main granodiorite but the plagioelase is slightly more basic and
the mafie minerals are more abundent.

Below the Craig of Rimavey a porphyrytic veriety of the
diorite forms the margin. This is formed of large euhedral and
subhedral felspar phenocrysts together with some smaller phenoerysts
of quartz, biotite and scarce green hormblende. Flagioclase is
dominant over orthoclase in the phenoerysts and consists of zoned
andesine while the biotite and hornmblemde are chloritised. The pheno-
crysts are set in a groundmass of granular plagioclase, quartz and
orthoclese. Epidote, zircon, ilmenite, magnetite and pyrite are
accessories. Sphems and rutile are associated with the chlorite.

Thermal Motamorphism caused by the Dierite

a) Comtact with the Ben Lawers Schist

The two crags on either side of Glen Shee, the Craig of Rimnavey
on the east and Creag Bhinrein on the west which lie to the north of
the dierite stand up like a wall above the lew-lying inmtrusiom, This
is due to hardening by the alteration of the Ben Lewers Schist so that
the erags have resisted erosiom more then is usual for this fermation.

The Ben lawers Schist is a wvariasble group whieh is reflected im the
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veriety of its hornfelses although individual beds cannot be follewed
into the aureole of the diorite. The hornfels can be divided inte
broad groups a) pelitic and b) siliceous. The pelitic variety is

a fine grained mixture of diepside and andesine., From its habit
sericite replaces both cordierite end silliemanite while andalusite
ig also found. Interspersed emeng the emphibele amd plagioclase
erystals are quartz, magnetite, bietite and apatite. A vein cutting
this bornfels new almost entirely econmsists of ehlerite but alse
contains small plagioclase end biotite erystals so probably onee was
dominantly mieaceous. Magnetite is aecesgery im the vein,

The siliesous type comsists of quartz amd bietite together with
some plagioclase. Strongly bietite rich layers in whieh the bietite
is a strong reddish brewn end irox rieh as is common im thermsl
motamorphism are present. Patehes of ehleritised bietite are foumd
alongside fresh dark crystals of the mineral so the latter appears a
second pest-chleritisation generation. Patches of pelitic material
are found in the psemmitie and viee versa.

On Creag Bhimmean 'bhe dominant rock type is a fine grained
type whieh is poorly laminated. It is made up of porphyroblasts eof
bright green hornblende set in a quartze-felspathic matrix whieh has
been somewhat altered. Sericite is also a constituent. MNagnetite
is a frequent accessory usually asseciated with the hermblemde end
chlorite replaces small garmets. A vague isoclinal folding has affected
the hornblende crystals and the straim slip directiom is folleowed by
Quartz veins. The greater width of the aureele here supperts the view
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that the diorite underlies this crag and the Craig of Rinnavey.

The epidiorites within the Ben Lewers Schist have also under-
gone thermel metemorphism by the Glem Shee Diorite. They are
essentially composed of green hormblende and plagioclese and a little
biotite, mestly altered to chlerite, which is a typical composition
for sn epidiorite. The hornblerde, however, has been broken dewn imto
smaller erystals by the thermal metemorphism., Magnetite is abundemt
and semotimes appears as granuler aggregates within the hornblende
which is strongly pleoehroie. The plagicelsse whieh is of the
compesition of andesime renges im size from larges orystals to small
needles. It is eloudly with alteratiom but shows zoning., Masses of
chlorite and iren ore appear to be seeondary after garnets. Quarts
and sphene are infrequent while small diopsidie pyrexemes appear im
some speeimens, Small flecks of pyrite which is a eharacteristie
accessory mineral of the diorite are present.

b) Contaet with the Duchray Eill Gneiss

S8livers of Duchray Nill Gneiss whiech have been thermslly
metemorphosed by the Glen‘ 8Shee Diorite are ceught up between it and
the large patch of felsite to the north of the mair intrusion. This
ocutcrop was mapped as granite by the Survey but recegnised by Willliemsenm
es felsite which is eften altered. The largest of these sliveré is
found at the eastern emd of the Craig of Rimmavey.

Petrographieally the unaltered Duehray Eill Gneiss is an
oligoelase muscovite bietite gneiss comsisting of well banded quarts

felsper layers alternating with micaceous omes. Plagicelase is the
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dominsnt eonstituent in the quartzo-felspathic layers and forms
lerge erystals of subhedral or elongate shape. Its composition is
that of eligoclase while orthoelase is rare. The quartz is mearly
as frequent as the oligoelase but forms smaller graims, the larger
of which often show extimetien. The quartz erystals have inter- '
loeking margins te both the felspar end other quarts while the
quarts and felspar boundaries are often follewed by a yellewish
brown limonitie film., &mall flakes of biotite and serieite are
enclesed by the quartz snd felspar.

- The mieaceous layers are formed of biotite amd six-sided
muscovites which the Survey thought proved that the reek was igmeous
in origin. MNumesrous garnets are present in forms ranging frem
euhedrsl to shimmer aggregates. Plates of tourmalime sometimes
replece the micas. Epidote, apatite and ilmenite are aeccessory.

The miescecus layers represent the Ben Iui Sehist host roek
while the quartse-felspathie layers are the later invasive portien.
The latter follows both the bedding end the axial plane schistesity
and is therefore later than the recumbent folding.

Bounderies cammot be definitely dravn between the Gneiss apd
the Ben Iui Schist sinee the proportion of granitie material varies
over the area but generally is greatest in the cemire of the outerep
and decreases outwards. Quartzitie imterceletione are found in the
gneliss but these contain a high proportion of oligoclsse and have
boen affected by the formation of the gneiss.

In gneiss thermslly metamorphosed by tke Glen Shee Diorite




the alteration produced is more apparent in the micaceous layers. In
them the biotite crystals breek down into a decussate network and
assume a reddish brown tinge commonly foumd in the biotite of a
hornfels., Muscovite appears to be subordinste to the biotite im
these layers. Yellowish chlorite is associated with the biotite
and also replaces the shimmer aggregates around garnets. Ilmenite
and clinozolsite are accessory.

The quartzo-felspathie layers sometimes show recrystallisetion
into & finer greained mosaic., Pyrite is often imtreduced from the
diorite ef whieh it is a charaeteristie accessery mimeral.




IX MINOR INTRUSIONS

There are two c¢hief groupe of mimor imtrusiome im the area,
both of which are found in 2ll regions, The mere eacid mainly
includes granitoid perphyry and felsite sheets whieck fellew the
sehistosity and so help to illustrate the regional structure. The
thicker emd eoarser members of this group are porphyries while
the thinner are felsites as are some dykes whieh eut the dykes
of the lemprophyre group whieh is earlier and mere basie. The
latter dykee were termed lamprophyres by the Survey although it
was recognised that they are very variable in compesitiom. Barrow
(1912) states that "In mode of eccurrence and alse to & greet extent
in composition they resemble the rocks for whick Gumbel proposed the
term lemprophyre, and seeing that they must Be grouped together fer
mapping purposes that seems the best mawe te apply te them". Although
in fact some true lamprephyres are present, diorites, dolerites and
porphyrites ere more eomwox. This wide ramge im compesition camsed
the Survey to map some of the quaris porphyries ss lamprephyres

even when they are mot typieal lamprephyres snd are sheet-like im form.

Forphyries
The group term perphyry imoludes porphyries im whieh felspar

is the chief mimeral but alse guarts perphyries in whieh there is anm
appreeiable proportion of quartz in beth phercerysts and groundmass
and felsites which are the finer grained equivalents of both types.

Quartz porphyries and porphyries are chiefly fownd in the
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northern part of the area while felsites predominate in the southerm.

The true porphyries econsist of lerge felspar phenocrjsts together
with some smaller ones of quartz set im a groundmass of quarts end
felspar. The felspar is mere abundant than the quarts and varies im
conposition im different speeimons from equal orthoelase and plagie~
elase to dominant plagiosclase which ranges from eligoclase te
lebradorite; it is usually eltered. The quarts phenocrysts are
often corroded by the groundmess. There are some small chlorite
phenocryste which are usually after hormblende but sometimes after
bietite. Chlorite is also present in the matrix and sphene, epidote,
magnetite and apatite may be acoessory while calcite is & oommon
secondary mineral.

The quartz porphyries are similar in type but contain & higher
proportion of quartz and orthoclase relative to the plagioclase, The
latter ranges from albite to oligoclase and phenoerysts of perthite
are also feund,

The felsites are fimer grained than the porphyries and are
usually oomposed of a very fime grained matrix of quartz end felsper
i» which are set phernoerysts of quartz amd felspar, together with
goms smaller cnes of i»ietite , oftem being replaced by ehlorite.
Although the felspar im both phemeerysts and metrix is altered it
ean be recognised as chiefly orthoslase but dome albite or oligeclase
is sometimes presemt. Magnetite sometimes forms small phenocrysts

as well as being & common aecessory, as are spheme and apatite.



Contact Metamorphism caused by the Porphyries

The thermal effecte of these intrusions on their heét roeks
is gemnerally slight, being eonfined to baking a few imehes from the
eontaets In the Allt Aulich, however, there is a porphyritic diorite
in the form of a dyke whieh has produced considersble effects on
the country reek.

It cuts through Ben Eagach Sehist end Cairnmwell Quartzite;
the latter, however, has suffered little. The quertz in the schist
likewise has been unaffected but the plagieoclase and perthite
associated with it show extensive sericitisation end reerystalligation.
The nies bands, however, are mow completely broken down into sericite
end the latter has been replaced by chlorite in parts. Magnetite
and graphite as accessories are little affeeted. '

Lemprophyres

They eceur enly as dykes but resemble the Glen Shee Diorite
in composition and since they are earlier than the perphyries which
eut them. If they are asseoiated with the diorite while the porphyries
are limked with granites like the Carmn Mor Porphyry then the latter
must be younger than the Glen Shee Diorite. The dierite and the
lamprophyres then prdbably rerresent an early intermediate phase of
the Youmger Granite intrusive period.

The &ykes nearly alwsys trend between N.E.-8 W. and N.N.E.-8.8.W.
whieh indicates that there was tension aeting at right angles te this
direetion after the stresses which had eosused the folding had ceased.

The lamprophyre dykes range in texture from moderately cearse
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grained to fime grained and from granular te perphyritic. Their
width is seldom more than a few feet while hardly ever less than one
foot. In hand speeimen they are ususlly reddish im eclour because
of the presence of ferrie oxide fermed durimg weathering but are
bluish~grey when fresh,

In the true lsmprophyres both hornblermdie and biotitic types
are cormon with these mimerals forming small round patches on the
surface of the rocks. Petrographically the hernblerndiec wariety
consists of phenoerysts of green hornblende which msy vary from
large erystals to some which are little bigger than those of the
matrix, They are set in a quartz felspar matrix in whieh plagicclase
near andesine is dominant but there is e little erthoclase. The
phenocrysts show considerable corrosion by this matrix and large
patehes of chlorite and calsite may represent former hornblende crystals.
Magnotite, grenmular sphens ard epidote usually in the form of needles
are accessories.

The bietitic lemprophyres are essentially similar te the horm-
blendic ones except that biotite, whieh is often ehloritised, takes
the place of hornblende. At the same time the groundmass is more
acidic and er'l;hoelase‘ is more ecommon than plagioclese which remains of
andesine compositiom. Quartz is also more common then plagioclase but
is subordinate to the latter in hormblenmdic lamprophyres. The strongly
corroded and highly altered phenoorysts shew that reaetion with the
matrix has ocourred. Magnetite is a common accessory while epidote -

is less frequent. Caleite and chlorite are secomdary. The presenece
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of mafie phenocrysts, whieh are not in equilibrium with the groundmass
and 80 have reacted with it, is an essential feature of the lampre-
phyres as classified by Rosenbusch after Gumbel.

Corresperding to these two warieties are reoks which may be
termed hornblemde and mica porphyrites beeause they eontain a smaller
propertion of the ferromagnesiam minerals as mierephemeerysts. Quarts
and felsper are alse found as small phemoerysts and ocour in the
groundmass together with the appropriate mafie eonstituert. Reaction
botween the phenocrysts end the matrix is less intense than in the
lamprophyres .. '

There 1is a further group of these dykes which may best be
described as dolerites. They are ehlefly composed of small equigranular
felspar laths, the greater proportiom of whieh are plagioelase. The
eompesition of this mineral ranges from andesine te labradorite. A
little subhedral quartz occurs im the more aecidie varieties. Amongst
these grains are set some small phenocrysts ef erthoclase and plagloclase,
‘the latter appesring te be somswhat more acidic than the smaller laths
of the matrix. There mey also be present a few crystals of caleite,
prebably secomdary, which centain rounded quarts imelusions. In the
growmdmass chlorite is common after hormblemde and magnetite is a
eonmon aecessory which oceasionally ferms large eorystals.

Finer graimed specimens show small felspar phemecrysts of leth-
like shape in a fine matrix ef felspar with a little quartz and
chloritised mafie minerals. These felspar phenecerysts are approximately
the seme size as those found in the groundmass of the eoarser types.
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Andesine is the chlef felspar in the phenoerysts while hornble nde
appears te be the dominant mafic mimeral im the groundmess. Magnetite
is accessory and calelite secocndary.

Contast Motamorphism eaused by the lamprophyres

The thermal effeet of these dykes is gemerally slight but

eccasionally the sountry roeks show some degree ef hernfelsing.

A
5N
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X CONCLUS IONS

Bailey's stratigraphical sequence is confirmed.

His mapping is modified in detail only in regard to the linking
of various outerops of Cairmwell Quartzite, The most important
difference ocours at the head of Glen Fearnach, where the Ben Eagach
Schist has been cut out by the Southern Slide, and does not swing
round the nose of the Glen Fearmach Synform te join the quartzite
outcrop on the north-eastern side of the glen.

Ine basic structure of the area is thought to be formed by two
Caledonoid recumbent folds, the Ben~y-Gloe Syncline and the Ben Lui
Syneline. The Ben-y-Gloe Fold outcrops in the north of the area, while
the Ben Iui Syneline covers the rest. The latter was refolded by later
folds on NE.~SW. end NW.-S.E. axes which complicate the oubcrops.

The relations between the variocus belts of the Perthshire Quartzite
are thought to be different from those envisaged by Bailey (1925).

The minor folds in Glen Mor suggest that the Ben~y-Gloe Quartzite forms

e synform and not an antiform as held by Bailey. The Ben~y-Gloe Quartzite
would then pess to the Killiecrankie Schist over the nose of an enticline,
whose core is formed by the Blair Atholl Series outcropping between

the two members of the Perthshire Quartzite Series. The Killiecrankie
Schist and the underlying Blair Atholl Series form the lower limb of

the Ben Lui Fold, of which the Ben lawers Schist forms the core, except
in the south of the area where the Ben Lui Schist is found. The Ben

Bagach Schist was eliminated by sliding in the lower limb so that the
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Ben Lawers Schist of the cofe lies on the Killiecrankie Schist. A
strip of Ben Eagach Schist is preserved in Glen Fearnach,

The Cairmwell Synform is a later downfold on the NE.-S N, exis,
in which the upper limb of the Ben Imi Fold is preserved., The Cairmwell
Quartzite would link with the Ben-y-Gloe Quartzite over the ocutcrop of
the Killiecrenkie Schist, so that the Ben-y-Gloe Syncline could be
regarded as the extended nose of the Ben Lui Synelins, The axial plane
of the Ben-y-Gloe Syncline, however, dips steeply to the south-east,
whereas that of the Ben Lui Fold is essentially horizontal but has
been modified by leter folds.

The Ben Eagach Schist and Perthshire Quartzite outcrops to the
south-west of Glen Shee are the cores of downfolds of the Cairmwell
Belt on the NJW.~8.E. axis, while the Killiecrankie Schist appears in
the cores of antiforms. The Ben Lawers Schist forms the envelopes of
the folds, The Glen Fearnmach Synform is a similar downfold with south-~
easterly plunge; the Ben Lawers Schist forms the core and the Killie-
crankie the envelope, The axial plane of the Glen Fearnach Synform
dips to the north-easte.

Evidence for the three fold systems is given by the minor
structures. Early Caledonoid folds with a strong exial plane schistosity
wore refolded on both the N,E.-SW, and the NW.-S8.E. axes, The later
Caledonoid folds are lster than the cross folds, since they refold the
latter. The late Caledomoid folds, however, cammot be unfolded without
partly unfolding the cress folds, so that both systems must be in part

contemporeaneous. Strain slip schistosities are sometimes essociated




with the later folds.

In the schists, mica has grown in sequence along the regional
schigtogsity, the later strain slips, and also along planes earlier than,
and cut by the regional schistosity., The micas, together with quartsz
and felspar, have undergone post-tectonic recrystallisation. Same of
the garnets have been rotated between the planes of the regional
schistosity, but others are later, and have not been rotated. The
quartzites and limestones appear to show grain orientation by shape
parallel to the regional schistosity.

Two sets of epidiorites are present in the area, Thowe in the Ben
Lewsrs Schist were intruded before the formation of the regionel
schistosity, which cuts through them. The epidiorites in the Killie-
crankie Schist, however, were emplaced along the schistosity and were
refolded with it.

It is suggested that the Carn Mor Forphyry is a sill rather than
a stock because of its field relations and petrography. Williamson's
work on the Glenshee Diorite and its thermal metemorphism is confirmed.

The lamprophyre suite of dykes contains other rook types as well
as true lemprophyres. The quartz porphyry and felsite sills follow
the regional schistosity. |
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