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Abstract.

The Loch Ailsh intrusion, Assynt, was interpreted by Phemister (1926)
as a stratified laccolite, the basal ultrabasic, intermediate, and upper
leucocratic portions being differentiated at depth and intruded separately.
The whole complex rested on a thrust plane.

The leuco-syenites are here divided into three intrusions, S1, S2 and
S3. S3 is latest and roofs S1-2. Their contacts are sharp or gradational,
when feldspars of S1-2 type are enclosed as xenocrysts in S3. Basic alkaline
rocks form a discontinuous zone at the top of S2; calc-silicate rocks occur
at the same horizon. Similar basic types grade into limestone xenoliths
in the north of the intrusion.

A magnetometer survey showed anomalies corresponding to the outcrop of
the ultrabasic rocks allowing their continuation to be traced., The magnetic
properties of these rocks require that the induced component of the magneti-
zation be used in interpretation of the anomalies, They are caused by a
steeply inclined sheet., Further ultrabagic masses were proved by excavation.

Brief petrographic description of the rock types is made with modal data,
Cell dimensions of pyroxenes from metamorphosed limestones and basic and
ultrabasic types are identical, The mafic aggregates in the basic rocks
represent the remains of material of metamorphic origin.

The alkali feldspars are described in terms of their appearance in
thin section, optic axial angle, bulk composition and X-ray powder and single-
crystal properties. They are low albite-microcline and low albite-orthoclase
perthites in the compositional range 0r27-0r41. Only S1 and S2 have mono-
clinic material in the potassium phase, There may be a systematic distribu-
tion of microcline obliquities with locality, Little modification of

feldspars was found at contacts between syenites and xenocrysts preserve



higher temperature features than host material, Minimum crystallization
temperatures are suggested. The variation depended on concentration of
volatiles during cooling. A mechanism is suggested for the metastable
preservation of orthoclase.

The ultrabasic rocks are a skarn between limestone and syenite., The
basic alkaline rocks are hybrids of feldspathic magma contaminated by
metamorphic material, and represent the remains of a roof to S2, disrupted
by S3. The mass does not have a major thrust at its contacts and is a

stock like body with stoping its mode of emplacement.
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Frontispiece:

General view of the area of the Loch Ailsh complex from the
eastern shore of [Loch Ailsh, looking north in early April. The
snow-covered hills forming the skyline are, from the west,
Conival, Ben More Assynt and Meall an Aonaich. The syenites
extend to the base of the latter hill which is largely of Lewisian
rocks,

The rocky hill in the left-hand middle distance is Black Rock.
The dark overhang on its southern side is weathered in along a
crush containing basic alkaline rocks, whilst the remainder of the
hill is leuco-syenite. The undulating ridge with three clear
summits is Sail an Ruathair, the most ecasterly summit being the
melanite bearing syenite of the South Top.

The rough ground immediately behind the farmhouse is Durness

limestone. The low cliff beneath the sheep exposes Moine rocks.
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Abstract.

The Loch Ailsh intrusion, Assynt, was interpreted by Phemister (1926)
as a stratified laccolite, the basal ultrabasic, intermediate, and upper
leucocratic portions being differentiated at depth and intruded separately.
The whole complex rested on a thrust plane.

The leuco-syenites are here divided into three intrusions, S1, S2 and
S3. 83 is latest and roofs S1-2., Their contacts are sharp or gradational,
when feldspars of S1-2 type are enclosed as xenocrysts in S3.  Basic alkaline
rocks form a discontinuous zone at the top of S2; cale-sgilicate rocks occur
at the same horizon. Similar basic types grade into limestone xenoliths
in the north of the intrusion.

A magnetometer survey showed anomalies corresponding to the ocuterop of
the ultrabasic rocks allowing their continuation to be traced. The magnetic
properties of these rocks require that the induced component of the magneti-
zation be used in interpretation of the anomalies. They are caused by a
steeply inclined sheet. Further ultrabasic masses were proved by excavation.

Brief petrographic deseription of the rock types is made with modal data.
Cell dimensions of pyroxenes from metamorphosed limestones and basic and
ultrabasic types are identical, The mafic aggregates in the basic rocks
represent the remains of material of metamorphic origin.

The alkali feldspars are described in termg of their appearance in
thin section, optic axial angle, bulk composition and X-ray powder and single-
crystal properties. They are low albite-microcline and low albite-orthoclase
perthites in the compositional range 0r27—0p41. Only S1 and S2 have mono-
clinic material in the potassium phase, There may be a systematic distribu-
tion of microcline obliquities with locality, ILittle modification of

feldspars was found at contacts between syenites and xenocrysts preserve



higher temperature features than host material, Minimum crystallization
temperatures are suggested. The variation depended on concentration of
volatiles during cooling., A mechanism is suggested for the metastable
preservation of orthoclase.

The ultrabasic rocks are a skarn between limestone and syenite. The
basic alkaline rocks are hybrids of feldspathic magma conteminated by
nmetamorphic material, and represent the remains of a roof to S2, disrupted
by S3. The mass does not have a major thrust at its contacts and is a

stock like body with stoping its mode of emplacemtent.



CHAPTER 1.

INTRODUCTION.

Contents:

1) lLocation of area studied.

2) °revious work.

3) Summary of the structure of the mass according to Phemister (1926).
k) Relationship to the Assynt District.

5) Age of the intrusion.

1) Location of area studied.

The intrusion described in this study lies at the most easterly
extension of the Assynt Culmination, near the top of the intricate pile
of na-pes revealed in that area, and immediately pelow the overtnrust
Moine series.

The area is included entirely by the square given by the National Grid
coordinates NC 355118 - 355160 - 310160 - 310118. Names of localities
are those used on the Ordnance Survey 6" : 1 mile sheets of the area.

For a general picture of the geology of the region the Geological
Survey 1" : 1 mile sheet of the Assynt District is available, and a much
simplified picture of the structural setting of the Loch Ailsh mass is
given as fig,., 1.1.

2) DPrevious work.

Igneous rocks in the eastern part of Assynt, north of Loch Ailsh,
were recognized by Murchison (1860), who described them as syenite. In
his section across the Asaynt district he showed the igneous rock as being
enclosed in limestone. orior to 1926 only general descriptions had been
made of the exposed rocks, by Peach, Horne and Teall (1907). Callaway

(1883) traced the outcrop of the Loch Ailsh intrusion but considered it



Fig.1.1.

Simplified struectural map of the Assynt oulmination ,
to show the location of the major alkaline plutons, the area
mapped in this study, "nd the major nature of the Ben More-
Glencoul thrust plane as evidenced by the distribution of
felsites of grorudite type. (Sabine, 1953). The map and
section are from the Geological Survey I™ sheet of the
Assynt District.






continuous with the Loch Bormlan mass from which it is now known to be
separated by at least one mile and very probably by a major thrust plane.
In 1926, however, Phemister published a map and a detailed petrological
account of the Loch Ailsh syenite. This remains the only published
source of detailed information on the intrusion, although comments on its
field relations were made by Bailey (1935), and on its relationship to
the minor intrusions of Assynt by Sabine (1953). A brief résumé of
Shemister's main conclusions and of Bailey's comments will now be made.

3) Summary of the structure of the mass according to “hemister
(1926).

Phemister followed previous workers (Peach and Horne) in that the
intrusion was supposed to be carried forward on a plane of dislocation,
which he called the Sgonnan Beag Thrust. The intrusion thus constituted
a distinct nappe, between the Ben More na,pe and the Moine rocks (fig. 1l.l).

Within the mass itself he recognised a number of different rock types
which are tabulated below (table 1.1) with the present writer's
equivalents.

He considered that the intrusion h-rd a laccolithic form, being
stratified in the sequence given in table 1.1 (fig. 1l.2). The aegirine-
melanite-syenite occupied a pipe through which it was supposed the re-
mainder of the intrusion ﬂad come., The base of the laccolite was in the
Pipe~rock, the top in the Durness Limestone.

The layering did not, however, demonstrate gravitative differentia-
tion in place, but was the result of separate phases of intrusion of
already differentiated and progressively more leucocratic alkaline magmas,
(op. cit. p.91). Since the differentiation had undoubtedly taken place
at depth the hypothesis of assimilation of limestone to account for the

alkaline nature of the rocks (as proposed by Shand (1910) for the



Table l.l.

Rock types of Phemister (1926) and the present writer's
equivalents.

‘hemister (1926) Fquivalent
Perthosite S3 }
Aegirine-Melanite Syenite Melanite bearing S3 Leuco=-
[ syenites
Nordmarkite
: /
Pulaskite S1 and S2

Riebeckite syenite

Basic Pulaskites Intermediate and
basic alkaline types
Shonkinites (Hybrida)

Hybrid Rocks

Biotite-pyroxenite Ultrabasics of Cathair Bhan
type. (Skarn rocks).
Hornblendite



H‘.I.g.
Seotions of the Looh Allsh mass as postulated by

Phemister, (I926).






neighbouring loch Borralan intrusion) was considered untenable.

Phemister noted the existence of numerous xenoliths of Cambrian
sediments and observed that at certain localities abnormal types of
contaminated syenite and modified sediment were produced, often very
similar to the ultrabasic and '"shonkinitic" rocks observed at other
localities. He discounted the possibility that all of these latter
rocks were hybrids formed by contamination of syenite by sediment, or
that the ultrabasic rocks were altered sediments, on the grounds that
the intruded sheet was not thick enough to produce the necessary volume
of derivatives. He further believed that he could recognise differences
between rocks which had sedimentary associations, and the normal basic
rocks of the intrusion.

The main syenites were broadly divided into two groups on the basis
of obvious field differences, and the more mafic types wére then sub-
divided on the basis of the nature of the chief mafic constituent and
the presence or avbsence of quartz, into pulaskite (quartz poor or quartz
free alkali-feldsrar rich rock with 3 to 30 per cent. of pyroxene or
biotite), riebeckite-pulaskite, and nordmarkite (2 or more pcr cent.
quartz). To the later, extremely feldspathic syenite he gave the name
Wperthosite", This rock graded into the aegirine-melanite-syenite, the
youngest part of the intrusion.

L) Relationship to the Assynt District.

Bailey (1935) suggested a modification of the structural relation-
ships proposed by Peach and Horne (1907) and accepted by Phemister (1926).
Lugeon (in 1912, quoted by Bailey (1935)) had suggested that if the
Sgonnan Beag thrust revealed the lLoch Ailsh rocks through a window, it

would be simply a reappearance of the Ben More thrust. No major disloca-

tion would then separate the L. Ailsh and L. Borralan intrusions, which



could be one mass. Bailey, however, observed that, despite strong
shearing at the margins, the syenite mapped across the whole of the
Cambrian quartzite of the Ben More nappe with the outline of an intrusion.
The writer agrees with Bailey's notion that the intrusion can be
regarded as being emplaced in the Ben More nappe. There are comparatively
minor marginal dislocations, which, as will be demonstrated later, are
not consistent with the existence of the Sgonnan Beag thrust as a major
plane of movement.

5) Age of the intrusion.

Clearly the age of the intrusion is post-Cambrian and pre-Moine-
thrusting. At L. Borralan evidence was found by Eskola (Bailey and
McCallien, 1934), that the deformation and intrusion overlapped somewhat
in tire. This was in the form of unsheared pegmatite veins cutting
sheared borolanite. Despite search for relationships of this type, no
evidence has been found at L. Ailsh for intrusive activity younger than
the thrusting.
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b) relations of the variable basic types, and of the ultrabasic rocks.

Introduction.

The iata obtained by normal mapping methods could be considerably
amplified by data obtained by geophysical means (Chapter 3), which, in
turn, suggested reuassessment of field data and worthwhile excavations.

The structure of the mass as a whole is suggested vy consideration
of ten critical areas where contacts or transitions between the rock
types are exposed.

A geological map is given as Map 1, at the back of this thesis.

The localities described in the following sections are named tnereon.

{l
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1) North Top of Sail an Ruathair.

This area was chosen as a first example as it shows most clearly
the relationships between two of the leucocratic syenites. The upper
part of the Northern summit of the Sail an Ruathair spur consists of
moderately coarse grained grey or brown feldspar rock, the 'perthosite’
of Phemister (1926), which makes up the greater part of the exposed rock
of the L. Ailsh mass. This will be known as S3. Occasionally at this
locality small bright red feldspars can be discerned in the grey-brown
feldspar matrix. At the base of the cliffs, and just above the top of
the grassed-over scree (see photograph and explanatory sketch , Fig- 2.1)
is a zone, usually not more tham 3 m. in height, in which a coarse
grained rock appears, with tabular red feldspars up to 5 cms. in length.
Above it is enclosed as xenoliths in S3, below,it is intimately veined by
S3. This rock will be known as Sl. ( >ulaskite of Phemister (1926)).
In this rock dark green mafics areusually ouvious in hand specimen; in
S3 they cannot normally be seen.

The line of contact can be traced through the gullies to the south
of the North Top, on to the base of the cliffs below the 2nd Top of Sail
an Ruathair, The contacts are always sharp, with no apparent chilling
of 35%. Crystals of S1 feldspars can be seen broken across. At
locality 'D' (Fig. 2.4) rounded or somewhat angular S1 xenoliths can
be seen (Fig. 2.2) from more than a metre across to small groups of a
few crystals, and in some places (Fig. 2.3) incividual red feldspar
xenocrysts can be seen broken off and incorporated in the massive g3.

The 81 rocks are frequently quite strongly foliated. The dip of
this igneous lamination is here generally stecply to the west, (Fig. 2.4).

Uften $3 veins appear simply to have dilated the 31 rock, the foliation



Pilge2.1,
Photograph and explanatory sketch showing the

domal form of the SI-S3 contacts on the North and 2nd
tops of Sail an Ruathair. View taken from the E.N.E. epprox.






being conformable on both sides of the vein, (locality 'C', Fig. 2.4),
Ahen the proportion of S3 to S1 material increases S1 blocks can be shown
to conform no longer to the prevailing dip (locality 'C', above previous
position).

At locality 'A' (Fig. 2.4),on the 2nd Top, narrow (15 to 30 cms.)

6 m. long sheets of S1 are held in S3. The S1 feldspars are aligned
parallel to the sides of these sheets. The S1 lamination in massive
blocks below dips steeply to the west. A tendency for lenticular masses
of S1 to form, or for xenoliths to wedge out at one end, is also seen

on the North Top, (Fig. 2.3), but more equidimensional rounded blocks

are also common (Fig. 2.2).

On the west side of the Sail an Ruathair ridge S1 outcrops over a
limited area only, and is taken to represent a large xenolith removed
from the main mass. Analogous masses are secen in the Metamorphic Burn
and Cathair Bhan areas.

2) The ‘'Metamorphic Burn.'

This was the name given by Phemister (1926) to the largest of the
streams feeding Loch Sail an Ruathair from the north. Since it repre-
sents an excellent locality for inspection of a range of contact metamor-
phic rocks, a sketch exposure map is shown (Fig. 2.5). This is simply
a copy of a field sketch measured by pacing, and should not be regarded
as accurate.

There are certain differences between Phemister's (1926, p.77)
interpretation of this area and that of the present writer. In summary,
the succession up the stream from the first exposures above the lower
obscured area (where the stream flows through drift), c=n be described

as follows:



Fige2e2s
SI-S3 contact relatimnships, North Top, Sail an

Buathair. A rounded SI xenolith ( the pale rock above the
hammer head) is also cut by a fine 83 vein.






Pige2+ 3¢
SI/S3 contact relationships, North Top, Sail an Ruathair.

Massiveveins of 33 (the dark, smooth textured rock to which the
pencil ie stuck) outting SI. A thin vwedge of SI is seen
Pinching out near the pencil point.

In detail (below) individual red SI feldspar xenoorysts
can be seen being incorporated in the S3 matrix.






Fig .2.4.
Map of Coire Sail an Ruathair to show localities
mentioned in text, dip of lamination of SI, and the area

considered in the section on the VMetamorphic Burn.
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a) S3, with sparse red feldspars in an otnerwise grcy or brown
medium grained feldspar matrix, with numerous lenses of micaceous or
pyroxenic rock clearly representing metamorphosed Durness Limestone.
(specimens 200-215). 0 - 180 yards.

b) Large mass of limestone with apparent dip downstream, in con-
tact with a pale white feldspathic rock with obvious small black grains
of melanite.

(Spec. 216, 462). 180 - 182 yards.

On the west side of the atream normal brown S5 with included red
feldspars is seen. This extends a little above the melanite-syenite
exposure.

(Spec. 218). 190 yards.

¢) S3 is seen in sharp contact with a coarse red feldspathic rock
identical in hand specimen to the S1 of the North Top of Sail an Ruathair.
This type (S1) continues for about 35 yards.

(Spec. 219, 229, 230, 237, 238). 190 - 225 yards.

d) S1 gives way sharply to a foliated more mafic type. The
vertical contact runs parallel to the sides of the stream, in the middle
of the stream, for a short distance. The foliation of the mafic
minerals dips 55° E. Occasionally clots of dark minerals may be seen.
This rock is very similar to the basic rocks outcropping in the River
Oykel and Black Rock Burn areas. It is presumed to correspond with
the lower of “hemister's '‘shonkinites."

(Spec. 231-235). 225 « 230 yards.

e) Brown S3 with coarse red crystals included at intervals,

occasional basic patches and Limestone xenoliths.,

(Spec. 236, 239-243). 230 -~ 275 yards.



Fige2e5e
Sketch exposure mabp of the Metamorphic Burn. Specimen

loonlitios are shown with numbers as given in the text.
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f) limestone xenoliths, in contact with fine flinty dark green
rock, with conspicuous pink feldspars and mafics (3 yards), in contact
upstream, with hard white or dark grey quartzite. This 1is supposed
to represent the Serpulite Grit, by comparison to this horizon exposed
in the River Oykel a little south of its confluence with the Black Rock

Burn.

(Spec. 244-248). 275 - 295 yards.
(6rit occupies 13 yards).

g) Hard baked fine grained cleaved shaley rock, with black streaks.
The cleavage dips upstream. This rock is clearly part of the Fucoid
Bed (Spec. 249). The fine grey rock continues for some 20 yards, when
it gives way to dark green pyroxenite (Spec. 250-253) and micaceous
xenoliths (255) of a type similar to those produced from the Durness
Limestone lower down the stream. Further smaller basic xenoliths (256)
are enclosed in grey S3 with occasional conspicuous red feldspars enclosed.
A further basic type (258) rims the exposures above. In terms of dis-
tance from the base of the burn this group appears to correspond to the
upper ''shonkinite" of Phemister, but he does not mention the coarse
pyroxenite or micaceous material (which is identical to types produced
downstream at the horizon of Durness Limestone) which are associated
with the fine grained types.

(Spee. 250-258). 295 - 335 yards.

h) Splintery white or glassy green quartzite (5 yards) gives way to
fine grained dark green syenite with occasional conspicuous pink feld-
spars. This type borders numerous wvassive quartzite xenoliths which
occur above this point. ("Byenite with additional mafics", on fig. 2.5).

Otherwise the syenite is pale grey 53 with conspicuous red feldspars



included, their long axes aligned in places (near specimen 268).

(Spec. 261-268). 335 - 407 yards.
i) At the 357 yard point (Spec. 265) blocks of a bright red variety

of asyenite are enclosed in S3. Although similar to 81 in appearance,

it is called S2 on petrographic grounds.

j) The last solid rock seen is a red S2 type, with obvious dark blue
riebeckite (Spec. 269). Above this point is obscured, but there are
many boulders of Lewisian gneiss and a contact (of unknown type) with

this rock is presumed to be close.
L20 yards.

The syenite in the Burn is thus believed to be mainly S3, earlier
generations only occurring over limited extents as massive rock. The
Cambrian succession is straight-forward. Making allowance for apparent
downetream dip the relative thickness of the various horizons is of
comparable order to those given in the stratigraphical column appended
to the 1" Geological map of Assynt (Geol. Surv. Scotland, 1923).

The writer cannot see the repetition of sequence by thrusting or
apparent reversal of Fucoid Bed and Serpulite Grit as described by
Phemister (1926). Furthermore leucocratic syenite with quartzite
inclusions is the last ("lowest”) rock seen and it appears to continue
up the burn a greater distance than was believed, by Phemister. Discus~
sion of the status of his "shonkinitic" types and the detailed structure
of this part of the mass will be made after the petrography of the rocks
has been considered. They are referred to as "hybrids'" on the exposure

maPp .

2|
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3) Northern Margin of the Mass.

At various localities along the northern and north-eastern sides
of Coire Sail an Ruathair, 83 rocks, sometimes crushed, enclos; calc-
silicate xenoliths of types similar to those in the lower part of the
Metamorphic Burn. In the stream E.of the Metamorphic Burn feldspar-
pyroxene rocks similar to the hybrid types of the latter locality are

found in close association with metamorphosed Durness Limestone,

4) Srén Sgaile.

A series of specimens were taken from base to top of this enigmatic
mausSs. About halfway up the broken S. facing cliff there is a zone in
which the rock has a pronounced roughly horizontal banding, (Fig. 2.6).
This does not especially correspond to the change from very basic to
less basic types, because mixed basic and more leucocratic types extend
above and below this zone (see Chapter 3, section 4). The thin sections
of rocks from this banded zone show obvious evidence of cataclasis, and
it appears that the banding is nothing more than a cleavage induced by
thrusting which happens to be developed in part of the basic-intermediate
transition zone on this hill.

Beautiful net veining by narrow white and pink feldspathic veins,
which contain dark minerals visible in hand specimen, is well seen at
numerous horizons (Fig. 2.6).

The writer can see no evidence for the multiplicity of thrusts

supposed previously to surround the Sron Sgaile rocks.

5) Central area, around the confluence of the River Oykel
and Allt Sail an Ruathair.

The area considered here is that part of the mass % mile downstream
from the waterfall in the River Oykel (the first waterfall above Loch

Ailsh) to about % mile upstream in the Oykel and Allt Sail an Ruathair,



Fig 2.6,ABOVE

Photograph to show the “banded" zone on the S.
face of Srén Sgiile.

Pig 2.6, BELOW

Intricate net veining of Sron Sgdile basic rocks
by feldepathie veins. Unlike other feldspathic veins in
basic rocks of the mass, they oontain conspicuous dark
minerales which may bs seen in the photograph.
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above the confluence of these two streams.

In this area a transition is seen between a coarse pink feldspathic
syenite (called by the writer S2, the nordmarkites and pulaskites of
“hemister, 1926) and grey-brown feldspathic S3 rocks identical to those
described in ;he Coire Sail an kuathair area. In addition a complex
relationship between these two rock types and basic types is seen.

A traverse up the Oykel, from the 'S' bend N.W. of the south end of
Cathair Bhan shows the following sequence:

On the track above the t. bank of the river grey and pink syenite in
a crushed condition is seen. In the river, at the northern limb of tn:
bend, basic masses are enclosed in pale grey syenite with included pink
feldspars. These basic masses continue upstream, become the predominant
rock type near the waterfall, and then become progressively less abundant,
the last representative being seen about 120 yards below the Oykel- 11t
Sail an Ruathair confluence (+ig. 2.7(C)). The best exposures are around
the waterfall and immediately upstream. petween this point and the
bend lower down the stream, tne basic rocks are veined by medium grained
pale grey syenite., On the k. bank, 50 yards pbelow the waterfall, a smali
eastward-dipping tarust carries pink, coarse syenite over the grey syenite
with basic inclusions.

At the waterfall it is more correct to describe the basic rocks as
being veined by leuco-syenite (Fig. 2.8 above). Northwards the basic
types become xenolithic in leuco-syenite. The veining of tne basic types
is intricate, broad and narrow pale net veining dissecting the dark
green basic rocks, and weathering out to stand above the vasic materisl,
(“ige 2.8 below).

Diagram 2.7(B) sunows the det.iled relationships within a typical



Fige2.7e

As Form of massive basic inclusions in leueo~
syenite . (Locality A, map C.) This shows a vertical
oliff section on the E. bank of the river.

Bs Detall of the mode of enclosure and veining
( two generations ) of a basic xenolith with ultrabasic
clots. (Locality B, map C.)

Cs General map of aree around the Oykel falls,
to show general zones exposed .






Fig.z.S.ABOVE.
Massive basic rocks veined by broad and fine

feldspathic veins. (Out weathering). Falls, R. Oykel.

H&?.B. BELOW,
Detail of net veining.







- Pige2.9.

Detail of Dbasic xenoliths to show feldspathic
veining and ultramafic inolusions which sometimes show
sharp margins to the normal basio material and to the
enclosing leuco-syenite (above), or, in some cases grading
into the basic material (below).

Both from the falls, R.Oykel.
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basic xenolith in sketch form. Photographs of the variable basic
xenoliths appear as Fig. 2.9. The most abundant basic rock has a pale
white or pink feldspathic matrix with conspicuous patcues of pyroxene

and mica. Interspersed throughout the basic types are dark green ultra-
basic patches in which little or no feldspar is visible. As demonstrated
in Fig. 2.9 these may abut directly on the later leuco-syenite; they form
neither rims nor cores to the basic rocks, but are distributed apovarently
randomly through it. They offer either sharp or gradational contacts

to the enclosing basic fypes.

Intricately veining the basic masses are at least two generations of
veins. The earlier are red in-colour and are cut by both the later grey
or brown generation of veins, and the massive enclosing leuco-syenite.

. It seems reasonable to suppose that the two generations of veining
correspond to 31/S2 and S3 respectively.

In the area around the falls the basic rocks are massive and veined
by sometimes broad sheets of syenite. South of the falls the syenite
is predominantly a pale grey type, i.e. S3. At the falls a grey or brown
feldspathic matrix encloses large pink feldspars and sometimes coherent
plocks of a pink rock. This will be called S2. A little below the
Oykel-Allt Sail an Ruathair confluence the leuco-syenite is entirely of
this pink variety (S2). All gradations between the two types seem to be
present, gradual increase in the number of pink S2 feldspars leading to
a rock in which only a small amount of S3 material is present. By
analogy with the exposures on the ilorth Top of 3Jail an Ruathair the rela-
tionship is believed to be one in which the later invading 83 encloses
S2 matcrial as xenocrysts; at the latter exposures the xenocrystic

relationship can be seen developing but the invasion and break-up of the
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earlier material by S3 has not proceeded so far as in the central area.

Sometimes the xenocrysts have their long axes aligned parallel to
the sides of veins. In the centre of the waterfall xenocrysts can be
seen concentrated in embayments at the edge of a basic xenolith.

Upstream from the junction of the two rivers coarse red rocks of S2
type continue for about % mile. They are also exposed in the low groﬁpd
between the two rivers, but on the valley sides, towards Black kock and
the head-waters of the Allt Cathair Bhan, brown 83 is exposed. In the
low undulating ground F. of Black Rock it is possible to map a zone of
S3 with included red feldapars and masses of S2, above the S2 exposures
in the river. These xenolithic masses are often elongate in form, but
an attempt to map the directions of their long axes did not show any
consistent pattern. The two types are also difficult to distinguish
on the lichen-covered surfaces in this area. On the summit of the low
ridge between the Allt Sail an Ruathair and the upper branch of the Allt
Cathair Bhan, however, contrasting dark red S2 held as large veined
masses in pale brown S3 is well seen.

The northern margin of S2 in the two rivers does not yield sﬁch a
clear picture of the contact relatiomships, but a gradational contact,
S2 being veined by and incorporated in S3, may be demonstrated.

6) Black Rock Burn.

This atream demonstrates similar relations between S2 and S3 and
basic rocks as does the area around the falls in the Oykel. Basic
masses occur at various localities up the stream where it falls most
steeply down from the edge of Coire na Mang into the Oykel valley. Basic
types with intricate feldspathic veining like the types exposed in the

Oykel are seen (Fig:. 2.10 above), Near the top some varieties occur
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with rather more irregular basic patches and streaky feldspathic areas.

An important discovery at three localities (marked ‘A’ on the main
map) was of specimens which have clear affinities with metamorphosed
limestone. At the two lower localities the xenoliths consist of soft,
pale green powdery feeling rocks. The upper specimens are found as
rusty weathering inclusions in the leuco-syenite, which on breaking open
have hard, but clearly carbonate bearing creamy white interiors (Fig.
2.10 below). There are occasional siliceous bands visible, and also
lenses of dark mica. There can be no doubt whatever that this xenolith
is of a baked siliceous limestone.

The existence of these types, at the same horizon as the basic
alkaline types, in the Black Rock Burn, an association observed in the
Metamorphic Burn area and the streams on the north side of Coire S8ail an
Ruathair, has an important bearing on the revised picture of the struc-
tural relationships and origin of these basic rocks.

The enclosing leuco-syenite of the burn again illustrates a transition
from grey and brown 33 to a red type grouped with S2. The leuco-syenite
at the base of the steeper part of the stream is pale grey 83. Red
feldspars are seen rarely, but, 30 yards above the base of the slope,
bright red masses of S2 appear in the S3 material. The S3 in places
becomes crowded with the red feldspars which are believed to be xenocrysts
from 32. (This idea was also put forward by Phemister, 1926, p.79).

A little above the lowest S2 xenolith the lowest basic xenolith appears.
From this point on the massive leuco-syenite is progressively of red S2
type. For a considerable distance 32 is seen veined by S2. The veins
are typically about 5 cm. across and cut off angular or slightly rounded

masses of 82 usually a few feet in length. For some distance (near the















be traced in the syenite. This too dips to the south-west. The
south-western margin of the intrusion is thus pushed over the main mass
by a thrust (or perhaps reverse fault, as the plane of movement is
steep), but there is no evidence pointing to the whole syenite mass
being moved over the Cambrian quartzite by a major thrust. (The
"Sgonnan Beag" thrust, of Phemister and predecessors).

At the extreme hiphest end of the crushed syenite exposed on the
edge of Coire na Mang, (at about 1450'), & small (25 cms. in size)
mass of quartzite was found enclosed in the mylonite. This had maine
tained its coherency but nevertheless proved, in thin section, to show
evidence of recrystallization following shearing. It is possible that
this represents a quartzite xenolith,in which case the syenite at the
base of the lower end of the Coire na Mang crags (at about 900') could
bear an intrusive relationship to the quartzite a little above.

9) Cathair Bhan.

(Allt Cathraichean Bana).

Most of the data on this poorly exposed area was obtained by
geophysical means. The suggestion of Phemister (1926) was that a sheet
of ultrabasic rocks lies beneath leucosyenite and that leucosyenite
occurs between the ultrabasic rocks and the Durness limestone to the

asaouth-east. The geophysical data show this hypothesis to be untenable,

so tnat a reassessment of the exposures considered critical by Phemister

was made.

The lower of these is at the sharp bend in the Allt Cathair Bhan
700 yards from its junction with the kiver Oykel. Here leuco-
syenite is supposed to be seen overlying ultrabasics. A small excava-~

tion to the west of the top of the exposure showed that all the
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leucocratic material at this locality occurs as veins. One of these
happens to be cut obliquely by the surface topography, and gives the
impression of representing massive leuco-syenite. Detail of this
locality is shown in Fig. 2.12.

In the upper branch of the Allt Cathair Bhén, where the stream
turns to the east, leuco-syenite forms a waterfall and appears to over-
lie ultrabasics. Above, ultravasics are again seen, The magnetic
anomaly suggests that this too is a minor sheet of leuco-syenite in
the ultrabasic rock (see Chapter 3).

At no locality has massive syenite been seen between the Allt
Cathair Bhan and the Durness Limestone to the east. An excavation in

the ground between the exposed limestone and the Allt Cathair Bhan, at

a point south-east of the southern end of the Cathair Bhan ridge, revealed

many angular fragments of pale green calc-silicate rocks, apparently &
buried scree. A belt of nomaly contact metamorphosed Durness limestoné
thus extends parallel to the dark blue ultrabasic exposures in the Allt
Cathair Bhan. One of these specimens contained a fine grained felds-
pathic vein, indicating that apophyses of the syenite extend beyond the
ultrabasic exposures and invade normally metamorphosed limestones com~
parable to those of the Metamorphic Burn. At Kinlochailsh similar
contact metamorphosed limestones can be seen, and marbling extends for
some distance into the massive limestone.

The ultrabasic rocks are much veined by pink feldspathic material,
and there is a certain amount of shearing visible at some localities.
Both ultrabasics and leuco-~syenite are sheared, although the veins main-
tain continuity. At the base of the south end of Cathair Bh3n interme-

diate basic types are seen veined by leuco-syenite in a similar
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Pig.2.12.
Diagram illustrating the veining of ultrabasios

by leucosyenite in the Allt Cathair Bhién, 760 yards from
its junction with the R. Oykel,
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relationship to their counterparts in the Oykel and Black Rock Burn
areas, These lie between the ultrabasic rocks and the massive leuco-
syenites.

10) South Top of Sail an Ruathair.

The entire mass of this hill consists of a melanite bearing
variety of a rock otherwise indistinguishable from 83. The melanite
is usually wisible in hand specimen as dark brown equidimensional grains,
usually not more than 2 mm. in size. If the amount is small, however,
it is’not easy to detect. Thus the nature of the transition between
melanite bearing S3 and normal 83 between the South and 3rd Tops of
Sail an Ruathair is uncertain. It appears to be lateral and continuous,
although the disappearance of melanite takes place over a short distance.
At the southern base of the South Top the S5 contains both melanite
and S2 xenocrysts, and it can thus be snown on the map (Map 1) intersect-
ing the xenocrystic zone. Specimens for a short length of the Allt
Sail an Ruathair also contain melanite, so that the melanite syenite can
be shown extending a little further to the east than on the map of
Phemister (1926).

Summary and Conclusions.

Haing presented descriptive data for the areas showing best the
inter-relations of the main rock types, some generalizations can now
be made.

a) Contacts between the leuco-syenites.

The contact phenomena observed at various localities (North Top;
Sail an Ruathair; Metamorphic Burn; Black Rock Burn; Oykel falls)
clearly demonstrate the existence of two or more generations of leuco-
cratic syenite. The contact relationships can clearly be seen because

of the contrasting colours of the two phases of the intrusion - 31/S2 red









Fig. 2.13.

Goneralized columns 1llustrating the contact
relationships between leucesyenites. The columns are drawn
in their true way-up. The actual topographic top is marked

1P, Limits of exposure are given with a dashed line, uncertain
transitions witha dotted line.
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b) Relationships of the variable basic types, and of the
ultrabasic rocks.

The S2-S3 contacts in the southern part of the central area, in
the Black Rock Burn, and on the Black Rock are complicated by the
presence of basic and ultrabasic inclusions. As pepresented on Fig.,
2.13 these become more sparse downwards into S2 and, in the central
area, eventually die out. They never extend into 33 above the zone of
S2 xenoliths and xenocrysts.

Thus it may be seen that the basic rocks form a discontinuous zone
always concentrated near the top of S2,.

In the Black Rock Burn and in the Metamorphic Burn, basic rocks are
at the same level as xenoliths obviously derived from "urness limestone.
Any hypothesis as to the origin of the basic types must consider this
fact, especially bearing in mind the undoubtedly upward relative position
of the limestone. It seems reasonable to suggest that the basic rocks
are the remains of a roof to 82, some portions of which sank into 82,
others remaining in place until the intrusion of S3. This broke up
the roof zone, and, in some cases, lifted fragments into its lower
portion, with other fragments and xenocrysts from S2,.

In the Cathair Bhan area the ultrabasic types exist between syenite
and limestone. Syenite is not seen above them. Their attitude cannot
be established from exposural evidence alone. Geophysical data offering
a solution to this problem is given in Chapter 3,

Bibliography to Chapter 2.

GEOLOGICAL SURVEY OF SCOTLAND. 1923, reprinted 1959, Special sheet for
the Assynt district; parts of sheets 107, 108, 101, 102.

1" : 1 ml.
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Genefal Introduction.

Determination of the relationships of the ultrabasic pyroxenites
and hornblendites of the Allt Cathair Bhan to the leuco-syenites in the
west and the Cambrian sediments to the east is clearly vital in discussion
of poasible structures for the intrusion as a whole.

Since the ultrabasic rocks have a high magnetite content it seemed
that the area lent itself to investigation by magnetic means. Models
could be suggested to give rise to anomalies of the observed form. In
addition some of the magnetic properties of orientated samples of the
ultrabasic rocks were determined allowing interpretation of the observed
anomalies with little fear of ambiguity.

The magnetic data suggests a radically different interpretation of
the structure of this part of the mass to that suggested by Phemister
(1926). ixcavations have further substantiated the relationships
determined geophysically.

Section 1.

Field Data and Technigues.

a) Field survey method.

Measurements of total magnetic intensity were made using an llsec
proton precession magnetometer. An assistant was always used when
making the measurements. Traverses were made by pacing along a pre-
determined bearing, readings being taken at different intervals appro-
priate to the local magnetic gradient. Location was checked at
intervals on air photographs. The instrument was read at each station
three times to establish a steady reading. (An unsteady reading usually
means either that the magnetic gradient is too high for the instrument or

that the instrument requires re-tuning). Normally stations would be












ns‘ }. 2.

telected total magnetioc intensity profiles across the
ultrabasic rocke of the Allt Cathair Bhan. South is to the
left of the diagram.
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east and dies out at the base of the feature ascribed to the Moine
Thrust.

On its southern side the main positive anomaly issharply bounded
by more or less constant values, and such values extend into the known
Durness Limestone area. At no point was massive leuco-syenite found
between limestone and the main anomaly. Indeed the anomaly follows
perfectly the general area of the contact between limestone and intrusion.
The form of the individual profiles will be discussed in the later section
concerning their interpretation.

A surprising feature of many of the profiles in the Allt Cathair
Bhan area, particularly at the southern end, was the presence, in a
wide belt to the north-west of the most pronounced anomaly, of numerous
sharp irregularities in the magnetic field, often in the form of pro-
nounced positive anomalies. Some attempt has been made on Map 2 to
contour these irregularities when they seem to correspond, but their
complexity makes this difficult and many subsidiary irregularities are
smoothed out on the contour map.

The source of these not inconsiderable ( > 1500 < ) disturbances
in the magnetic field was obscure, since only leucocratic syenites were
exposed in most of the area concerned, with some intermediate and basic
types at the south-eastern tip of the Cathair Bhan ridge. Neither of
these rock types would be expected to give such anomalies, particularly
by comparison with the traverse including the zone of basic inclusions
in the R. Oykel. (See the northern end of profile 6, Fig. 3.2).

An excavation was therefore undertaken at the point 'X' of Map 3,
(see back of thesis), on traverse 18, at the station corresponding to

the maximum of one of these anomalies. This was taken to a depth of
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Contour map of totsl magnetic intensity of the Srén
Sglile area, together with rock types oxpossd.
KEY T0 ROCK TYPESs (Exposures indicated by appropriate

Ss
Bs
Qs
Ls
M3

letter. )
Leucosyenite.
Basic rocks of Srdn Sgdile type.
Quartgite.

Limestone xennliths,
Moine rocks,









a tripod device with built-in spirit level kindly lent by Dr. R.:..
Girdler. Cylindrical specimens 1" in length by 1" in diameter,
suitable for measurement were then cut using a special coring machine.

¢) Measurement of remanent magnetization.

The measurements were made on the "igneous' astatic magnetometer
in the Dept. of “hysics, King's College, Newcastle-upon-Tyne. (See
Runcorn, Collinson and Creer, in 1960, p.120 for details). The
cylindrical specimens described above were used and the intensity of
magnetization determined by comparison with a standard coil.

d) Results.

It was soon apparent that the specimens used were far from ideal
for these measurements since they were frequently markedly inhomogeneous
and did not approximate to the dipole required for the successful
functioning of the instrument. Of the 22 specimens measured only ten
gave significant results, a far from satisfactory sample. These are
given in table 3.1, and in diagram 3.4 (left).

The considerable scatter is obvious. There is no correlation
between specimen locality and orientation, except in so far as the
specimens which could not be measured tended to come from areas wnere
the rocks were notably deformed.

e) Mcasurement of susceptibility.

The second component of the magnetization depends on the suscepti-
bility of the rock. This property was determined for all of the 22
available ssmples on an A.C, susceptibility bridge (see Collinson and
Creer in Runcorn et al., op.cit., p.196) at the Physics De t., King's

College, Newcastle-upon-Tyne.






mgo 30 &:
LEFT: Directions of remanent components of magnetization
of Allt Cathair Bhin ultrabasic rocks.

RIGHTs Direotions of resultants of remanent and induced
magnotisations,

Points linked by the broken line are corez from the same
hand speocimen.
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Table 3.3.

Orientation and magnitude of resultants of remanent and
induced magnetizations of Allt Cathair Bhan ultrabasic rocks.

Specimen No. Declination Inclination Intensity
Dy . Iy Je
(degrees) (degrees)™ (e.m.u.cm >x10°)

M2 3575 55 5.79
M3 11 55.5 6.67
ML 88.5 49.5 0.426
M5 345 65 5.14
M6 b.5 74 5.79
M7 333 65.5 7.38
M17/1 335 57 1.09
M17/2 356 56.5 0.95
M18 337.5 75.5 2.33
M19 295.5 k9.5 3.037

* Relative to true north.

¥ Relative to horiszontal; all downwards.

Note that specimens M4 and M19, which depart furthest from the mean,
have the highest Konigsberger ratios. (See Table 3.2).
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The resultant directions calculated are tabulated as table 3.3,
and plotted on diagram 3.4 (right). The earth's field was taken to

be Dh = 350.. Ih = 710, Jh = 0,5 oersted. The vector sum of all the
unit vectors in the sample is the best estimate of the true mean direc-
tion of the population (Fisher, 1953). This point is also plotted and

falls at
o (o]
Dm = 355.5 , Im = 65-25 )

or rather close to the orientation of the earth's field.

h) General conclusions.

These results suggest that the anomaly must be interpreted in terms
of the induced component which can be determined by direct measurement
of susceptibility or estimated from the modal magnetite content of the
rocks. This conclusion is reached vearing in mind tne following points:

(i) The measurements of direction of remanent magnetization are
widely scattered even in the ten measured specimens, and a further eleven
specimens did not have a consistent direction of magnetization even over
the short (1") distance of the cored samples. Tnis sugpests that the
remanent magnetization is effectively random, probably as a result of
the irregular deformation that the rocks have undergone.

(ii) The measurements of susceptibility show that in any case the
induced component will be considerably the larger, and the calculated
position of the vector sum of the entire group.of samples is strikingly

near to the position of the vector for the present day field of the earth.















P e Je /e

Magnetic anomalies computed for sheets of varying dip.
The anomalies produced when the body has ite top at the surface
and at Sm. delow are shown.









Fige 3.6,
Magnetic snomalies computed for two sheet~form bodies

with various depths to their dase.
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