
C O M M I S S I O N E D R E P O R T

For further information on this report please contact:

John Gordon
Scottish Natural Heritage
2 Anderson Place
EDINBURGH
EH6 5NP
Telephone: 0131–446 2450
E-mail: john.gordon@snh.gov.uk 

This report should be quoted as:

Thomas, C.W., Gillespie, M.R., Jordan, C. and Hall, A.M. (2004). Geological structure and
landscape of the Cairngorm Mountains. Scottish Natural Heritage Commissioned Report No.064
(ROAME No. F00AC103).

This report, or any part of it, should not be reproduced without the permission of Scottish Natural Heritage.
This permission will not be withheld unreasonably. The views expressed by the author(s) of this report should
not be taken as the views and policies of Scottish Natural Heritage.

© Scottish Natural Heritage 2004.

Commissioned Report No. 064

Geological structure and landscape 
of the Cairngorm Mountains

(ROAME No. F00AC103)

C.W. Thomas, M.R. Gillespie, C.J. Jordan, British Geological Survey

and A.M. Hall, Fettes College





Background

The Cairngorm Mountains of the Scottish Grampian Highlands are noted for their spectacular, glaciated
scenery, dominated by high plateaux and summits (including the largest area of montane plateau above
900m in the British Isles and Britain’s second highest mountain, Ben Macdui), deep straths and glens, and
corries. The Cairngorm Mountains are underlain almost entirely by the c.427 million year old Cairngorm
Granite.

This report details the findings of the Cairngorms Project, co-funded by the British Geological Survey and
Scottish Natural Heritage. This project investigated the degree to which the landscape and major landforms
of the Cairngorm Mountains are dependent on the geology and geological structure.

The results shed new light on the role of geological structure in establishing the basic framework of the
Cairngorms landscape. Zones of weakness resulted from hot fluids reacting with the granite as they passed
along fracture systems in the rock. These fracture systems and their haloes of altered rock are aligned with
many of the present-day major landscape features. The essential elements of the familiar Cairngorms
landscape – the straths and glens – began to form when surface weathering and erosion processes exploited
the zones of weakened rock, soon after the Cairngorm Granite was exposed, probably some time around
390–400 million years ago. Processes including uplift and deep weathering during the Palaeogene 
and Neogene (beginning about 65 million years ago) and subsequent glaciation during the Quaternary 
(~ last 2.4 million years) selectively enhanced the existing landscape features to produce the landscape 
we see today.

The project has generated new geological datasets, mainly organised in a Geographic Information System;
some datasets have been used to build computer-generated surface models to aid visualisation and
interpretation of the Cairngorms landscape. These will provide the basis for future, novel interpretative
materials that can be used widely in informing all who have an interest in the Cairngorms landscape about
its origins and evolution over some 400 million years of earth history.
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Main findings

● There is a significant geological control on the main elements of the granite landscape. Linear zones of
weakened granite were developed by hot fluids penetrating and reacting with the rock along
predominantly NNE-orientated joint systems. This happened soon after the granite magma had been
intruded and had largely solidified.

● Once the granite was exposed in the Devonian Period (417–354 million years ago), weathering and
erosion focused on the zones of weakened rock. Thus, we suggest that much of the basic landscape
began to be established about 390 million years ago.

● Since then, weathering and erosion have modified the gross landscape relatively little. We suggest that
no new major valleys have developed since the granite was first unroofed and significantly eroded.

● Detailed survey of the ubiquitous, steep joints that cut the Cairngorm Granite shows that they have no
strongly preferred orientation. However, certain joints in predominantly NNE orientations were open to
the passage of hot fluids and it is the zones of alteration along these joints which became the focus 
for selective weathering and erosion once the granite was exposed.

● On the medium to small scale, ‘kernels’ of massive, poorly jointed granite surrounded by more strongly
and densely jointed granite form the tors that are such a conspicuous feature of Ben Avon, Beinn Mheadhoin
and Bynack More.

● Glaciation through the Quaternary significantly modified the shape of existing valleys, deepening them,
steepening their sides and altering their profiles. Glaciation was also responsible for excavating the
corries. However, the high plateaux suffered relatively little modification during the Quaternary and much
of the large-scale form of the landscape in these upland areas is as it would have appeared prior to
glaciation.
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1 PROJECT BACKGROUND AND OUTLINE

The Cairngorm Mountains include the largest area of land above 900m in the United Kingdom and are
renowned for their remote, dramatic mountain landscape, climatic extremes and a sub-arctic flora and fauna.
The massif takes the form of a broad dome some 30km wide and 20km from north to south, and rising from
300–500m above sea level at its margins to a central dissected plateau at around 1200m (Figures 1 and 2).
The mountains are underlain almost entirely by the c.427 million year old Cairngorm Granite, and within
them there is developed one of the finest assemblages of pre-glacial, glacial and arctic landforms in Europe.
The combination of landscape, geology, fauna and flora results in a mountain environment unique in the UK,
containing a wealth of information about past environmental change and landscape evolution through
periods of tropical, arctic and modern temperate climate (Gordon et al., 1998).

The mountains and their environs are amongst the most popular regions in the UK for recreational visitors,
supporting much of the economy of the central Grampian Highlands. They are the definitive core of the
Cairngorms National Park and are recognised internationally for their earth heritage value, the mountains
being included on the Tentative List of proposed World Heritage sites (see Department of Culture, Media
and Sport web site at www.culture.gov.uk).

The mountains occupy a very special place in the hearts of walkers, climbers, conservationists and other
“outdoor” interest groups. As such, policy development and implementation in the Cairngorms is politically
sensitive, as shown by the furore over the development of the Cairngorm Mountain Funicular Railway 
and the extensive and often heated debate over the status and extent of the Cairngorms National Park.
Given the importance of the Cairngorms and concomitant sensitivities, it is essential that there are wide-
ranging and up-to-date data available to underpin informed debate and policy.

Although the Cairngorms have been widely studied environmentally and geomorphologically, very little is
known about the significance or nature of the relationship between geological structure and rock type, and
the location, trend or concentration of the classic Cairngorm landscape features, chiefly the plateaux,
troughs, corries and tors. This report presents the results of the Cairngorms Project, a major three-year study
co-funded by the British Geological Survey (BGS) and Scottish Natural heritage (SNH) that has investigated
the influence of geological structure and rock type on the evolution of the Cairngorms landscape.

The chief focus of the project has been to understand the link between geology and landscape on the large
scale. A key driver for the work is the growing demand for earth science interpretative material for ‘informal’
education within tourism. There are also increasing needs for resource materials for formal secondary and
tertiary earth science education. For example, the Cairngorm Mountain area is included as a case example
in the Scottish curriculum and forms an important study area for degree-level Quaternary and glaciology
studies. Thus, the Cairngorms Project has had two main aims:

a) to develop our understanding of how the geology of the Cairngorm Mountains underpins landscape
architecture and form, and interpret how this has influenced long-term landscape evolution; and

b) to produce baseline datasets and material to underpin a series of innovative interpretative products 
that could be developed after the end of the Cairngorms Project by SNH, in co-operation with BGS and
other partners, to illustrate how the Cairngorm Mountains landscape has evolved.

1
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These aims have been realised in a number of ways. With regard to the basic scientific questions on the
links between geology and landscape, we collected a large amount of structural and lithological data during
an extensive field survey programme undertaken in 2002. The lithological data have allowed us to refine
our understanding, classification and subdivision of the Cairngorm Granite, corroborating and advancing
previous knowledge. The detailed structural data collected at outcrop provide insights to the structural
evolution of the Cairngorm Granite that have not previously been possible and have provided the key to
understanding the controls on Cairngorms landscape evolution. The outcomes of this field survey work
include new geological maps of the Cairngorm Granite and structural maps that reveal the nature and
geometry of the key structural elements within the granite. In addition, there is now an extensive digital
database that records the lithological and structural details of the granite at over 700 locations across the
Cairngorm Mountains.

We have captured lineament data via computer-based studies of digital satellite and air photograph
imagery. These data have provided a link between the structural data collected at outcrop and the geometry
of the main landscape features.

We have undertaken modelling of the Cairngorms landscape using digital terrain models. As part of this
work, we have developed a semi-quantitative digital terrain model of the Cairngorms as they would have
appeared before glaciation. Comparing this model with the digital terrain model of the current landscape
can help people appreciate more clearly and easily the effects of glaciation, particularly when the models
are produced in .wrl format that can be viewed in free web-based VRML viewers obtainable over the
internet. The digital terrain model of the current Cairngorms landscape can also be used as a surface over
which to drape other layers of information (eg vegetation, land use), permitting visualisation and interpretation
of the mountains in a more integrated manner.

All the data have been collated, studied and interpreted within a GIS environment (ArcView, ArcGIS), 
with supporting tables of data held in a relational database. This has allowed rapid retrieval, analysis 
and presentation of data in the form of maps, diagrams and 3-d models. The datasets, digital terrain models
and GIS layers will form the basis of the derivative products to be developed beyond the end of this 
project.

The most distinctive landscape features of the Cairngorm massif are:

● the broad dome-like shape of the massif as a whole, and its high elevation relative to other parts of the
Grampian Highlands;

● extensive areas of high, rolling plateaux with ‘fluvial’ valleys, representing ancient erosion surfaces;

● deep U-shaped troughs, many trending broadly north-south, some of which breach the massif;

● well-developed corries; and

● numerous and often large, well-formed tors.

These features, and their distribution in the Cairngorm massif, are described in more detail in Section 2.

2

Scottish Natural Heritage Commissioned Report No. 064 (ROAME No. F00AC103)



3

Scottish Natural Heritage Commissioned Report No. 064 (ROAME No. F00AC103)

Figure 1 Simplified geomorphological map of the Cairngorm Mountain massif, showing the location of the main, large-scale geomorphological features and the extent of the Cairngorm Granite. Corrie and cliff edge data supplied
by Dr J. Gordon (SNH). Tor data supplied by Dr A. Hall (Fettes College). The shaded area shows the approximate extent of the upland plateaux, based on the extent of ground above about 850–900m. The inset map shows
the location of the Cairngorm Mountains in Scotland. The grid is the National Grid taken from Ordnance Survey mapping. The shaded area is based on topographical information from Ordnance Survey maps.
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Physical landscapes develop through the interaction of rocks, weathering processes and agents of erosion.
The nature and efficiency of weathering processes and erosive agents depend to a large degree on climate,
which is governed by global- and local-scale factors including latitude, altitude and aspect. However, they
will also be governed by the physical and chemical properties of the rocks on which they act. Thus, any
study of landscape development needs to determine which properties of a rock mass have influenced its
response to weathering and erosion. In this project, two chief characteristics of the Cairngorm Granite have
been studied to deduce their relative roles in development of the landscape:

● its lithological character, which encompasses gross features of the rock mass such as grainsize and
texture; and

● its structural character, defined by the distribution and disposition of joints, faults and veins that disrupt
the continuity of the rock mass, together with any grain-scale structural properties of the granite itself that
could influence response to weathering.

In plan view, the Cairngorm Mountains have a crudely oblong shape. However, the contact between 
the granite and the surrounding rocks of the Dalradian Supergroup has three marked re-entrants (Figure 3).
Two of these are at opposite ends of Gleann Einich, and the other lies in the floor of Glen Derry. To aid
description in this report, the massif is divided into three ‘blocks’ defined largely by the position of the 
re-entrants. The Western domain lies to the west of Gleann Einich and includes the rounded Feshie Hills,
with their highest top, Carn Bàn Mór (1052m) [NN 893 972] and the Mòine Mhór plateau. The Central
domain lies between Gleann Einich and the low-level through-route formed by Glen Derry and the valleys
running north and south of the Fords of Avon. This block contains many of the Cairngorm’s highest tops,
including Britain’s second highest mountain, Ben Macdui (1309m) [NN 989 989], and the most dramatic
scenery. The Eastern domain is occupied by the open, expansive plateau massifs of Beinn a’ Bhuird 
[NO 09 99] and Ben Avon [N J 13 02]. Though of broad, rounded appearance from the south, the
landscape on the north side of the Eastern domain is more dramatic, particularly when viewed from 
the confines of Glen Avon.

Section 2 provides an introduction to the landscape and geology of the Cairngorm massif. Section 3
provides a geological background to the origins of granite plutons in general, with emphasis on Scottish
granites, and presents a summary of field evidence that can be used to examine the character and history
of granite bodies. Section 4 discusses remotely sensed imagery used in the Project, and Section 5 describes
the logistics and procedures used during fieldwork. Sections 6 and 7 describe, respectively, the lithological
and structural character of the Cairngorm Granite, based mainly on data obtained from fieldwork, and the
implications of these for the evolution of the Cairngorms landscape. Modelling of the landscape before and
after glaciation is discussed in Section 8. Evidence for links between the landscape and underlying geology
is reviewed in Section 9, and the project conclusions are presented in Section 10. Definitions for selected
geological terms that appear in this report are provided in the Glossary; such terms are underlined in the
report text.

6
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Figure 3 Simplified and generalised geological map of the Cairngorms area. See text for discussion. Map derived from BGS DiGMapGB-250 data, © NERC, 2003.  OS topographical information © Crown copyright. All rights reserved.



2 INTRODUCTION TO THE LANDSCAPE AND GEOLOGY OF THE
CAIRNGORM MASSIF

2.1 Landscape

2.1.1 General character

The Cairngorm Mountains form a compact massif of what are, in UK terms, unusually high and bulky hills
in the central part of the Grampian Highlands. Viewed from a distance the massif forms a high and broad,
domed plateau. Closer inspection reveals this to be incised deeply by valleys and corries, creating several
discrete mountain groups and a landscape of considerable relief and character. 

The boundary of the massif may be defined in a number of ways. In topographic terms the area of 
mountains with ‘Cairngorm’ character – high and bulky with extensive upland plateaux – may be constrained
conveniently by the surrounding valleys: Glen Feshie and Strath Spey to the west; Glen More and Glen Avon
to the north; Glen Builg to the E; Glen Gairn and Glen Quoich to the SE; the valley of the Geldie Burn and
Glen Dee to the south (Figures 1 and 2). An alternative approach is to define the massif as the area underlain
by the Cairngorm Granite, as the granite is responsible for many of the landscape characteristics that typify
the Cairngorms (Figure 3). Either way, the ‘geological’ and ‘topographic’ boundaries are closely coincident
(Figure 4); the only significant incidences where this is not so, occur at Mòine Mór (which is part of the
Cairngorm plateau but lies outwith the granite), and in an area of low, heather-clad hills north of Glen Avon
(which lack some ‘Cairngorm’ features but are still underlain by the granite).

Its size and altitude, and the broad, bulky character of its hills distinguish the Cairngorm massif from other
upland areas of the UK. At around 30km from east to west, 10–20km from north to south and with around
half its area exceeding 800m altitude, it is the largest area of near-continuous high ground in the UK. 
Many summits exceed 1000m altitude, and the massif contains four of the five highest mountains in the UK:
Ben Macdui (1309m), Braeriach (1296 m), Cairn Toul (1291m) and Cairn Gorm (1245m). Many lower
summits, including Sgòr Gaoith (1118m), Beinn Bhrotain (1108m), Derry Cairngorm (1155m), Beinn Mheadhoin
(1182m), Beinn a’ Bhuird (1197m) and Ben Avon (1171m), are still higher and bulkier than nearly all other
peaks in the country. From the nearest population centres around Aviemore (c.230m altitude) and Braemar
(c.330m), the ground rises around 1000m and 900m respectively to the main Cairngorm summits.

The bulk and altitude of the higher levels ensures that, both currently and in the past, they have endured the
most extreme climate in the UK; not surprisingly, the massif is renowned for the concentration, variety and
quality of periglacial and glacial features. Much of the massif has a mantle of vegetation that, in common
with other upland areas of the Scottish Highlands, is dominated by grass and heather. Grass dominates in
the small proportion of the massif not underlain by granite (Plate 1), but elsewhere the relative proportion of
grass and heather depends on other local factors such as drainage and exposure. The thickness and
continuity of the vegetation cover decreases significantly with altitude; exposed parts of the upland plateaux
may be nearly devoid of vegetation other than lichen, moss and sparse tufts of grass. Native trees, mainly
Scots pine and birch, are confined to sheltered low ground towards the margin of the massif and some
glens. Peat blankets much of the lower ground and sheltered areas at higher levels. A near-continuous
blanket of peat up to several metres thick underlies two large plateaux at around 900m, Mòine Mór 
[NN 90 95] and Mòine Bhealaidh [NO 06 99]. The remoteness, challenging climate, rugged topography,
and few economic incentives have ensured that the massif contains no permanent habitation and virtually
no tarred roads.
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Bodies of standing water within the mountains are relatively rare. There are only two lochs of any size; 
Loch Einich and Loch Avon, both around 2km long and 0.5km wide, fill the over-deepened parts of large
troughs. Around a dozen high corries contain small lochans and, at lower levels, one or two lochans are
trapped behind glacial debris. 

Their height, bulk and distance from the sea ensure that the plateaux and corries of the Cairngorms hold
snow for more of the year than virtually any other summits in the country. The snowfields of An Garbh Choire
[NN 96 99] have melted completely only three times in the last century (1933, 1958 and 1996), and a
partial or complete cover of snow when surrounding hills are bare is a distinctive, if transitory, feature of the
Cairngorm landscape. The long periods of snow cover provide the only direct opportunity for large-scale
commercial enterprise in the Cairngorms. Scotland’s oldest ski development has operated in and around
Coire Cas on the northern edge of the massif since 1961, expanding into the adjacent Coire na Ciste in
1973. Several attempts to extend development further into adjacent parts of the range were unsuccessful.
Unreliable snow cover in recent years has prompted the development of alternative attractions, including the
construction in 2001–2 of a funicular railway from the ski area car park to the site of the former Ptarmigan
Restaurant a short distance below the summit of Cairn Gorm.

2.1.2 Major landscape features

The major landscape features of the Cairngorm massif can be divided according to scale (Figures 1 and 2). 
At the largest scale is the massif itself, which takes the form of a broad dome (Figure 2). At intermediate
scale are the upland plateaux and the great troughs that incise and separate them (Figure 1). Smaller again
are the dramatic corries that scallop the plateau margins and the upper reaches of the troughs. Tors are
perhaps the smallest features that make a distinctive contribution to the Cairngorm landscape.

The massif

In general terms, the massif has the form of a large, broad dome with steepish margins and a flattish top.
This probably reflects closely the shape of the top of the granite pluton before it was eroded, although no
part of the original ‘roof’ of metasedimentary rocks remains in place to test such a theory. Despite erosional
modification, the gross elements of the dome are preserved in the present landscape: the highest point of
the massif, Ben Macdui, lies close to its geographic centre. The other highest summits (>1200m) lie within
5km of this point, while the more distant main peaks (Sgòr Gaoith, Beinn Bhrotain, Bynack More, Beinn a’
Bhuird and Ben Avon) are slightly lower. With the exception of the southwestern area, the massif drops away
to relatively low ground at its margins.

Upland plateaux

Erosional incision into the granite dome has generated several discrete upland plateaux, together
representing around one quarter of the total area of the massif. These smooth, rolling surfaces lie between
900 and 1300m altitude, and consist typically of domed summits with broad convex shoulders separated
by shallow V-shaped valleys; they are generally devoid of cliffs and steep slopes. Lower levels, typically on
Mòine Mhór and Mòine Bhealaidh, are blanketed by peat, grass and heather, while at higher levels large
areas are mantled by blockfields. There are only two lochs of any size on the Cairngorm plateaux. Loch nan
Cnapan [NN 917 961] lies on the plateau of the Mòine Mhór. Loch nan Stuirteag [NN 941 957] lies
about 1.6km N of Monadh Mór, at the very head of Glen Geusachan.
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The plateaux preserve remnants of the ‘dome’ topography that is typical of many granite terranes. The domes
form in granite in which sets of fractures are disposed in a regular, usually more-or-less orthogonal, pattern;
weathering and erosion focused along these features leads to the emergence of dome-like ‘residuals’. Derry
Cairngorm (an elongate dome), the summit of Beinn Bhrotain and Devil’s Point are good examples of dome-
like forms, though only a small part of the latter dome remains, having been truncated by two troughs and
a corrie wall.

Most parts of the upland plateaux are relatively unmodified by glaciation, and here the form of the pre-
glacial landscape of smooth rolling hills and shallow fluvial valleys is preserved. The plateau to the south of
Cairn Lochan and Cairn Gorm preserves a good example of this ancient landscape, including the two fluvial
valleys of Coire Domhain [NH 99 02] and Coire Raibert [N J 00 03]. Facing these across the glaciated
trough of the Loch Avon basin is Coire Buidhe [N J 01 01] on the north flank of Beinn Mheadhoin, which
is another relict of the ancient topography and drainage system. The plateau surfaces carry other forms of
relict pre-glacial features such as tors (described in more detail below) and decomposed bedrock (gruss),
which is preserved in isolated pockets. Parts of the upland plateaux which have been modified by glaciation
include the northeast flank of Ben Macdui and the east flank of Monadh Mór, where glacial abrasion has
created very shallow corries. Periglacial features, including boulder sheets, lobes, and solifluction terraces
are widespread on the plateaux and their flanks.

Large troughs separate three main upland plateaux (Figure 1). In the west, a continuous upland plateau
extends from the peaks above the western margin of the massif (Sgòran Dubh Mór, Sgòr Gaoith, Carn Bàn
Mór, Mullach Clach a’ Bhlàir), eastwards to the chain of summits formed by Sròn na Lairige, Braeriach,
Cairn Toul and Beinn Bhrotain, beyond which the plateau terminates at the dramatic escarpment forming 
the west side of Lairig Ghru. The plateau is dissected deeply by the troughs of Gleann Einich and 
Glen Geusachan. Mòine Mhór, which comprises a sizeable part of the plateau, is underlain by siliceous
Dalradian metasedimentary rocks and is the only instance where a sizeable upland part of the Cairngorm
massif consists of rock other than granite. The landscape of Mòine Mhór contrasts sharply with that elsewhere
in the massif. It is a gently rolling plateau of grass-covered peat devoid of features typical of ground overlying
the adjacent granite such as domes, blockfields, tors and troughs. Dalradian country rocks underlie Mòine
Mhór at an altitude of 900–1000m while at other points of the pluton margin they rarely exceed 700m. As a
re-entrant in the body of more resistant granite, the rocks here may have received some protection from erosion.

Between the broadly north-trending troughs of Lairig Ghru and Glen Derry – Allt an t-Seallaidh (Lairig an
Laoigh) – Allt Dearg, a ‘central’ upland plateau extends from Cairn Gorm in the north, across Cairn Lochan
to Ben Macdui and Derry Cairngorm in the south. Two smaller plateau areas, around the summits of Bynack
More – A’ Choinneach and Beinn Mheadhoin, are detached from the main plateau and lie just to its east.
The troughs of Strath Nethy and Glen Avon incise the central plateau.

Between the trough of Glen Derry – Allt an t-Seallaidh (Lairig an Laoigh) and the east margin of the massif,
the third main plateau area encompasses the two huge mountains of Beinn ‘a Bhuird and Ben Avon, and the
subsidiary plateau of Mòine Bhealaidh to the west. This area has suffered relatively little erosional incision:
only the spectacular trough of Slochd Mór and corries of Beinn a’ Bhuird modify its pre-glacial form. The origin
of Mòine Bhealaidh is something of a puzzle. At around 850–900m altitude, this large upland plateau is
distinctly lower than plateaux on either side, and lacks the corries, blockfields, tors and other features of the
granite landscape elsewhere. It forms a relatively low-lying, geomorphologically atypical, largely featureless
surface several kilometres wide bisecting the central part of the massif along a north-south axis.
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Troughs

Troughs are large, steep-sided valleys with flat-bottomed floors; they have the classic ‘U-shape’ associated
with glacial erosion. Cairngorm troughs are typically in excess of 400m deep and several kilometres long.
Gleann Einich, Glen Geusachan, Lairig Ghru, the Loch Avon basin, Glen Derry, Strath Nethy and Slochd
Mór are the best examples of Cairngorm troughs. Most of these trend broadly northwards, imparting a
distinctive ‘grain’ to the landscape in remotely-sensed images (Figure 4; see also Section 4). Though they
share the same basic characteristics, the troughs differ significantly in detail.

Gleann Einich trends and drains slightly east of north. On its west side, steep cliffs indented locally by
shallow corries form a near-continuous wall for around 4km. By contrast, the east side consists of steep
convex slopes incised by shallow corries. To the north and east the glen opens out into lower, gently angled
ground. The steep headwall coincides with the contact between the Cairngorm Granite and metasedimentary
country-rocks. The trough has a broad, flattish bottom, and is over-deepened at its south end.

Glen Geusachan is a short (3km), deep trough separating Cairn Toul from the Beinn Bhrotain massif, with
a slightly north-of-east trend that is markedly discordant to the ‘normal’ trend for Cairngorm troughs.
Upstream, the valley swings northwards and loses its trough-like character. A large corrie developed on the
slopes of Monadh Mór and Beinn Bhrotain drains northwards to join Glen Geusachan at the point that the
trough develops.

The feature referred to commonly as Lairig Ghru consists of three troughs, two of which are linked by 
a breached watershed. The northern end consists of a NNW-trending trough (labelled ‘Lairig Ghru’ on the
OS 1:25,000 topographic map), which is bounded by steep, craggy slopes lacking corries. The trough is
well defined for around 3km before opening out towards Rothiemurchus. At its southern, highest end, it links
across a breached watershed1 at about 840m elevation with a separate trough that drains southwards for
around 2km beneath sparsely craggy slopes. This feature joins Glen Dee, another NNW-trending trough
that drains southwards beneath steep smooth slopes to the east and corrie-incised slopes to the west, for
around 4km before meeting the Glen Geusachan trough and opening out into a broader valley. The head
of Glen Dee is continuous to the west with An Garbh Choire, a huge erosion feature consisting of several
large intersecting corries, which has an overall slightly north-of-east trend that is parallel to Glen Geusachan.

The Glen Derry trough has several similarities with the Glen Dee part of the Lairig Ghru trough: it drains
southwards for around 6km, has steep smooth slopes to the east, corrie-incised slopes to the west, and turns
sharply westwards at its head to terminate in a large corrie (Coire Etchachan). Also like Glen Dee, it links
to the north with a separate trough feature (the glen of the Allt an t-Seallaidh/Lairig an Laoigh) across a
breached watershed, Lairig an Laoigh. Country rocks (metasedimentary rocks and diorite) underlie part of
the floor and much of the eastern wall of the Glen Derry trough.

The uppermost 5km of Glen Avon consists of a deep trough, the head of which is ringed by spectacular
cliffs, though there are no distinct corries. Much of the floor of the trough is over-deepened and now
occupied by Loch Avon.

1 The Lairig Ghru pass is a well-known example of glacial diffluence. Here, ice movement along upper Glen Dee was
restricted by ice in the south, causing it to overspill the col to the north (eg Hambrey, 1994).
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The Strath Nethy trough, which drains northwards for around 5km has an inclined floor, loses around 300m
of altitude along its 5km length. Its profile is closer to a ‘V’ than the classic u-shape. This is due in part to 
a large amount of debris on the flanks and filling the floor of its upper reaches. One moderately 
well developed corrie has formed on each side. The head of Strath Nethy is another breached watershed,
being truncated by (and at one time over-ridden by ice from) the lower reaches of the Glen Avon trough.
The highest point of the Strath Nethy trough floor (807m) intersects the north wall of the Glen Avon trough
around 100m above its floor.

At around 3km long, Slochd Mór is the shortest of the Cairngorm troughs. It trends northeastwards between
the northern slopes of Beinn a’ Bhuird and Ben Avon, before opening out northwards onto lower ground. 
Its headwall is modified by Garbh Choire, which incises westwards into the Beinn a’ Bhuird plateau.

Corries

Corries are erosional hollows created in hillsides by ice scouring. Over time, corries develop from shallow
scrapes or small valleys with inclined floors to deep bowls with flat or over-deepened floors and headwalls
that are near vertical. The Cairngorm massif contains several dozen true corries ranging from shallow scoops
to classic cliff-girt bowls in which small lochs fill over-deepened floors. The chief of these are shown in 
Figure 1. Corrie distribution is controlled to a large degree by altitude and aspect (eg Sugden, 1969); a
larger number of better-formed corries develop on slopes that are most prone to ice accumulation, namely
those that are high and receive little direct sunlight. West- and south-facing slopes contain very few corries,
and those that are developed tend to be rather weak, shallow features; examples include Coire Bogha-
cloiche on the NW slopes of Einich Cairn, and the shallow unnamed scoop on the slopes west of the summit
of Ben Macdui. Many features on west- and south-facing slopes that are named on OS maps as corries are
little more than steep valley headwalls, lacking cliffs and bowl-like form. Coire Garbhlach at the SW margin
of the massif is an exception; this deep and dramatic west-facing feature formed along a weakened zone
at the contact between the Cairngorm Granite and its country-rocks.

The great majority of corries are developed in the west and central parts of the massif, reflecting the large
expanse of high ground, frequent occurrence of slopes of suitable aspect and altitude, and full exposure to
moisture-bearing prevailing weather systems. In the east, four major corries incise the east side of Beinn a’
Bhuird and three large corries interrupt otherwise fairly smooth slopes on the north side of Ben Avon.

The Lairig Ghru trough presents an excellent example of the influence of slope aspect on corrie development.
No corries are developed on the entire 12km length of west-facing slopes above the trough, whereas a
near-continuous line of dramatic corries has incised the east-facing slopes.

Well-formed corries rarely develop in isolation. High slopes of suitable aspect tend to be either essentially
free of well-formed corries, or to have several closely spaced or overlapping corries. Good examples of the
former include the west sides of Gleann Einich and Strath Nethy. Good examples of the latter include the
northern corries of Braeriach, the northern corries of the Cairn Lochan-Cairn Gorm plateau, corries lining the
west side of Glen Dee, the eastern corries of Beinn a’ Bhuird and the northern corries of Ben Avon.

In all parts of the Cairngorm massif, well-formed corries have developed at the same altitude and with
essentially the same dimensions; flat-bottomed or over-deepened corries typically have floors that lie at
altitudes between 900 and 1000m, and they all have a maximum width of around 1km.
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Tors

The term ‘tor’ is used in different senses in different parts of the world (eg Twidale, 1982). However, in the
UK it is generally used for metre- to 10m-scale angular residual, upstanding masses of rock; they are
particularly a feature of granite bedrock. In the Cairngorm massif, tors are monolithic or near-monolithic
blocks of granite ranging up to several tens of metres in plan and up to around 15m in height. They occur
widely across the Cairngorm Mountains (Figure 1). The traditional local (Strath Spey) name for a tor in the
Cairngorms is ‘barn’, reflected in the names ‘Barns of Bynack’ for tors around the summit of Bynack More,
and ‘Barns Corrie’ which lies immediately below the tor-studded plateau of Beinn Mheadhoin. Elsewhere in
the massif, several of the more distinctive tors are named on OS maps using the Gaelic word ‘Clach’,
meaning ‘stone’: Clach Mhic Cailein and Clach Choutsaich on Crèag Dhubh to the north of Sgòran Dubh
Mór; and Clach Choutsaich, Clach an t-Saighdeir, Clach Bun Rudhtair, Clach Fiaraidh and Clach Bhàn on
Ben Avon.

The origin of tors has been the subject of much research and is reasonably well understood (eg Ehlen,
1991). They represent parts of a rock mass that are significantly more resistant to weathering than the
enclosing rock. In granites, this is usually due to changes in joint density, the rock volume represented by a
tor having a lower joint density compared to surrounding rock. Lower joint density means a lower surface
area of rock is exposed to water in the near-surface environment. Chemical alteration and/or freeze-thaw
action are therefore less effective in sparsely jointed rock, making it less susceptible to erosion than heavily
jointed rock. There is no evidence to suggest that the Cairngorm tors have a different origin. Prolonged
periods of warm, wet, sub-tropical and temperate climate during the Palaeogene and Neogene (between
65 and ~2 million years ago) led to intensive chemical weathering of susceptible rocks underlying the
Scottish land surface. Granites are particularly prone to chemical weathering under such conditions, and the
surface of the Cairngorm massif may have been intensely weathered to a depth of several metres or even
tens of metres at this time. Beneath a zone of pervasively weathered rock adjacent to the land surface,
weathering would have been most intense around joints, so that zones of low joint density would have been
least weathered. The Cairngorm tors have been revealed by subsequent stripping of weathered rock from
the land surface by ice, water and wind, some of these processes continuing today.

Tors, or more precisely the domains of sparsely jointed rock from which tors form, are exposed on the
Cairngorm plateaux in all stages of development. Those whose tops are just beginning to be exhumed may
be no more than rounded rock surfaces protruding slightly from the plateau. Fine examples of tors occur
where a significant proportion of a sparsely jointed domain is exhumed. Over time, and as the surrounding
land surface is lowered by weathering and erosion, the tor may grow in size or, if the disposition of joints
within it renders it unstable, it may collapse. Eventually, as the surrounding land surface is lowered, all tors
will collapse and the resulting rubble will merge gradually with surrounding blockfields.

Because they are present in all stages of development and decay, the number and distribution of Cairngorm
tors is difficult to quantify accurately without defining minimum thresholds of size/height and state of
preservation. They are confined to upland plateaux, plateau flanks, some ridges and lower summits.
However, in detail the distribution of well-developed tors is markedly uneven across the massif. They occur
most commonly on plateaux in the east, are prominent locally in the central plateaux and virtually absent in
the west. The greatest concentration of well-developed tors is on Ben Avon. This huge area of rolling upland
plateau is dotted with several dozen well-developed tors, giving the mountain a distinctive profile in distant
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views from near Braemar in the south and Strath Spey to the north. By contrast, the summit plateau of 
Beinn a Bhuird, its near neighbour, is notably lacking in tors, though there is a prominent concentration
around Stob an-t Sluichd, north of the summit. Smaller but still prominent tors occur on lower summits to the
north of Ben Avon and Beinn a’ Bhuird, including Creag Mhór, Meall Tional and The Bruach. In the central
plateaux, well-developed tors are a distinctive feature of just three mountains: Beinn Mheadhoin, whose
small area of summit plateau is dotted with around half a dozen large, well-formed tors; Bynack More, on
whose summit and flanks are several tors including the very large Barns of Bynack; and Cairn Gorm, which
mhas a number of tors scattered around its summit and on its north ridge.

Being resistant to weathering and erosion relative to the rock around them, tors tend to occur on high points
of the rolling plateaux, and they form the actual summits of several mountains including Beinn Mheadhoin,
Ben Avon and Creag Mhór. Several tors occur on ridges (spur tors) some distance from, and below, the
nearest plateau. The north slopes of Ben Avon contain several particularly good examples of spur-tors,
including Clach Bun Rudhtair and Clach Fiaraidh.

2.1.3 East-west contrasts

Though the massif as a whole displays a distinctive and broadly uniform landscape character, a clear
distinction can be drawn between its east and west parts. West of a roughly north-south line defined by the
linked valleys of Glen Derry, Allt an t-Seallaidh and Allt Dearg, the high plateaux are incised in many places
by deep troughs and spectacular corries. To the east of this line, only the trough of Slochd Mór and a handful
of corries on the east side of Beinn a’ Bhuird and the north side of Ben Avon interrupt the smooth profiles 
of the high plateaux and their flanks. Though the main summits are slightly lower (Beinn a’ Bhuird 1197m,
Ben Avon 1171m) than those in the centre and west, the eastern plateau provides a clearer idea of what
the massif as a whole would have looked like prior to glaciation.

2.2 Geology

The most obvious characteristics of the Cairngorm Mountains are their physical attributes and distinctive
landscape features. Less obvious is the fact that the massif is almost entirely underlain by a single geological
entity, the Cairngorm Granite (see Figure 3). The western, eastern and much of the southern margins of the
massif coincide closely with the contact between the granite and its country-rocks. Only along the northern
margin is the relationship less clear; here, the granite underlies an extensive area of lower ground to the
north of Glen Avon. The generally close coincidence of the margins of the massif and the granite points to
a genetic relationship.

The Cairngorm Granite (Figure 3) solidified from a large intrusion (pluton) of siliceous magma that crystallised
about 427 million years ago (A. Morton, pers. comm. 2004, HM Associates) as a result of melting in Earth’s
mantle and crust in the late stages of the Caledonian Orogeny (note: models for the genesis and evolution
of granite magma and for the origin of Scottish granites during the Caledonian Orogeny are described in
more detail in Section 3). It is one of many hundreds of intrusions, ranging from small veins to large plutons,
that formed at this time, and which now crop out across the Scottish Highlands. The Cairngorm pluton is
among the largest of these, presently cropping-out over an area of around 365km2.
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The pluton consists entirely of granite sensu stricto. Although it is compositionally homogeneous, there is
textural variation that can be used to subdivide the pluton into textural types (Section 6). The principal
‘structural’ features of the Cairngorm Granite are unmineralised joints. There are two main types of joint:
‘primary’ joints, that formed in response to stresses developed in the granite as it cooled and solidified, and
sheet joints that developed much later in response to surface unloading. Sheet joints are still developing
today. The two forms of jointing have very different morphologies and it is only the ‘primary’ joints that are
considered in this study. Faults are virtually absent.

As the granite cooled and solidified, it interacted with hydrothermal fluids generated from within the granite
and the rocks that enclose it (country rocks). This interaction was concentrated in fractures and resulted in local
alteration of the granite around the fractures and precipitation of quartz veins within them. Early hydrothermal
fluids were responsible for the formation of “Cairngorm Stone”, a semi-precious variety of quartz with a rich
smoky brown colour that occurs in the Cairngorm Granite and was much sought-after by Victorian collectors.

The Cairngorm Granite was emplaced into, and is now surrounded by, the mainly metasedimentary rocks
of the Dalradian Supergroup (Figure 3). The sedimentary precursors to these rocks were deposited as sands,
muds and limestones on a continental margin sometime between about 800 and 600 million years ago.
The sedimentary rocks were folded and metamorphosed during the Caledonian Orogeny between about
490 and 430 million years ago. The Cairngorm pluton was emplaced into the metamorphosed rocks
approximately 40 million years after the most intense tectonic and metamorphic events, dated at around
465–470 million years ago.

Work by Harrison (1987) suggests that the presently exposed surface of the pluton was between 4 and 7km
below Earth’s surface when it solidified. No contemporaneous volcanic rocks are preserved in the vicinity,
so it is not known if any Cairngorm magma erupted at the surface. Although clasts of fine granitic rock occur
rarely in Lower Old Red Sandstone sedimentary rocks in the Tomintoul area, none of these resemble
Cairngorm Granite, suggesting (but not proving) that the Cairngorm Granite was not exposed in the Lower
Devonian (D. Stephenson, pers. comm., British Geological Survey). Clasts of undeformed granite in other
Lower Devonian sediments demonstrate that some late Caledonian granites, for example Helmsdale, were
unroofed at this time, and it is possible that the absence of Cairngorm-like clasts in the Tomintoul sediments
may be simply reflect the local drainage pattern. It is clear that by Middle Devonian times 
(c.380 million years ago) many Caledonian granites like Cairngorm were exposed, as sandstones in
Middle Devonian sequences in Scotland commonly contain clasts of Cairngorm-like granite. Thus, it is likely
that the Cairngorm Granite was exposed at the Earth’s surface within 20–30 million years of its formation,
and the landscape of the Cairngorm massif probably began to develop sometime around 390 million years
ago. The Cairngorms, along with most of the Scottish Highlands, have been an area of positive, if relatively
subdued, relief (eg Watson, 1985; Hall, 1991) since the end of the Devonian Period; landscape
development has been slow, with perhaps only 1–2km of crust lost through erosion since that time 
(Hall, 1991). Because of the subdued relief, the marginal regions of the Highlands around the Cairngorms
were at least partly encroached upon by seas during marine incursions in the late Palaeozoic and Mesozoic
Eras, but it is probable that the Cairngorms and other massifs in the vicinity remained above sea level. 
Uplift and deep weathering under the warm to temperate, humid conditions developed at various times
during the Palaeogene and Neogene have had a pronounced effect on relief in the Highlands, and it is
probably during this time that the key elements of the Cairngorms landscape became pronounced 
(Hall, 1991).
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Repeated glaciation during the Quaternary (~ last 2.4 million years) (Sugden, 1968; Brazier et al., 1996a;
Rea, 1998; Hall and Glasser, 2003) further enhanced the topographic relief that developed during the
Palaeogene and Neogene. Troughs, corries, and locally scoured plateaux surfaces, characteristic glacial
features of the Cairngorms, indicate locally intense glacial erosion associated with repeated cycles of ice
sheet growth and decay.

During the Main Late Devensian (MLD) glaciation that reached its maximum about 22,000–20,000 cal yr
BP, an ice sheet developed on the mountains surrounding Rannoch Moor, 75km to the south-west of the
Cairngorms. This ice sheet spread east and northward as it grew (Barrow et al., 1913). Within this ice
sheet, a topographically-controlled ice stream flowing down Strath Spey became partially embayed in
Glenmore Basin, the large topographic depression immediately north of the western Cairngorms (Hinxman
and Anderson 1915). A local ice cap, possibly composed of several independent plateau icefields,
developed on the Cairngorms at this time and, at its maximum extent, is thought to have coalesced with the
lobe of ice in the Glenmore Basin.

Depositional landforms, such as moraines, outwash terraces and former lake deltas associated with ice
retreat and/or deglaciation, were formed mainly during and at the end of the last stage of glaciation
(Glasser, 1996), between approximately 22,000–16,000 cal yr BP (Bowen et al., 2002). Such landforms
are very well developed in many parts of the Cairngorms, perhaps the most spectacular being in the middle
to lower sections of the Lairig Ghru and Gleann Einich and in other areas on the southern side of the
Glenmore Basin.

Although Sugden (1970) considered that large-scale ice stagnation took place in situ, following the LGM,
recent research reveals significantly greater complexity with regard to the regional ice sheet deglaciation
history (Robinson and Ballantyne, 1979; Sutherland, 1984; Brown, 1993; Merritt et al., 1995; Brazier et al.,
1996a, b; Golledge, 2002). Thus, some of the deposits in the depositional landforms of Gleann Einich
reveal crucial evidence for active ice margin retreat, rather than simple, passive in-situ wasting (Golledge,
2002). The more recent models suggest that separation of the Strathspey and Cairngorm ice masses
occurred when the Rannoch Moor ice sheet thinned and the Cairngorm ice cap reduced to plateau icefields
feeding active valley glaciers (Brazier et al., 1996a, b; Golledge, 2002). Whilst the timing of this separation
is uncertain, evidence from Loch Etteridge, c.20km south-west of the Cairngorms in Glen Truim, suggests a
minimum age for deglaciation of 15,600 cal yr BP (Sissons and Walker, 1974).

Since the end of the Quaternary, glacial deposits have been reworked by rivers to form alluvial deposits 
and peat has accumulated on the plateaux, in local basins and in abandoned river meander channels.
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3 A GEOLOGICAL BACKGROUND TO GRANITE PLUTONS

3.1 Introduction

Though there is no direct link with landscape development, the origin and emplacement history of magma
is an important part of the Cairngorm story. This section is presented in three parts: the first provides some
insight into current models for the generation of granite magma; the second summarises the processes and
events that culminated in the generation of the Cairngorm pluton and other plutons in the Scottish Highlands;
the third part describes field evidence that can be used to elucidate the history of granite plutons like
Cairngorm. 

3.2 Models for granite formation and emplacement

Like all igneous rocks, granite is solidified magma. Granite is intruded at depth in the Earth’s crust, where it
cools slowly, forming a coarse-grained rock. Most magma that solidifies into granite forms mainly by melting
of rock in the Earth’s crust. Temperature, pressure, rock composition and the amount of water in the system
are all key parameters in determining whether, and how much, melting will occur. Temperature and pressure
in the crust both rise with increasing depth from Earth’s surface. The crust underlying the Earth’s major
continents is around 30km thick on average and, in its normal ‘equilibrium’ state, conditions at its base
probably get close to, but do not quite reach, those required to melt large quantities of rock. Melting occurs
when some external event changes one or more of the key parameters. Most granite magma forms in parts
of the crust where collision of tectonic plates has occurred or is occurring, the collision leading to the
increase in temperature, and/or a decrease in pressure that results in melting, and/or an influx of water.

The Earth’s outer ‘skin’ comprises continental and oceanic crust, each having distinctive lithological and
physical characteristics. Continental crust averages about 30km in thickness and has an average density of
about 2.7g/cm3. In contrast, ocean crust is only about 5km thick and has a density of about 3.0g/cm3.
Being less dense than the Earth’s interior, these two types of crust ‘float’ on the weak, partially molten rocks
of the upper mantle. Because the Earth’s mantle is mobile and continually moving, the plates that make up
the Earth’s crust also move, separating in some regions and colliding in others. Essentially, three scenarios
for plate tectonic collision are possible: ocean plate – ocean plate; ocean plate – continental plate, and
continental plate – continental plate.

Collision of an ocean plate with continental crust (eg along the present west coast of the Americas), results
in the denser ocean plate diving beneath the lighter continental plate, a process known as subduction. The
descending oceanic plate carries water trapped within it to great depths beneath the continent margin and
this, together with the increase in temperature arising from frictional heat generated as the plates move past
each other, leads to substantial melting and magma generation. The hot, buoyant magmas rise through the
crust until they are emplaced as plutons at shallow depths in the crust and/or form explosive and very
dangerous volcanoes of the kind found around the continental margins of the Pacific and in the Caribbean.
The huge numbers of exposed granite plutons and numerous volcanoes in the coastal ranges of the western
seaboard of the Americas are testimony to the scale of past and present melting in this setting and its
importance with regard to granite formation. A relatively recent variation to the subduction model of melting
is a process known as ‘slab break-off’. In this model, the leading part of a subducting oceanic plate or ‘slab’
breaks away from the rest of the plate and descends into Earth’s mantle at a greater rate than the plate
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margin it has separated from. As the two separate, hot mantle rocks and magma well up in the gap between
them, adding a significant amount of heat to the base of the continental crust and thereby inducing large-
scale melting. 

When two continental plates collide head-on, the lack of a density contrast means that the plate margins
tend to crumple and fold rather than one plate diving beneath or over-riding the other. The vast, linked,
young mountain chains that straddle Asia and Europe (including the Himalaya, Karakoram and Alps ranges)
are examples of the crumpled crust generated when two continental masses collide (in this case India and
Africa are colliding with Eurasia). This situation provides no mechanism for transporting water to deep levels
in the crust, and prevents the supply of additional heat from the mantle; there is therefore little opportunity
for large-scale melting, hence these ranges contain few granitic plutons and are generally devoid of volcanic
activity. However, in the act of crumpling the crust inevitably thickens through processes such as folding and
thrusting. Such thickening can lead to an increase in temperature such that localised melting can occur.

When two continental plates collide obliquely, the resulting stresses and strains are accommodated largely
in lateral displacements of crustal blocks along strike-slip faults, rather than the folding and compression
associated with head-on collision. Strike-slip faulting can result in localised extension in the crust, which may
provide opportunities for magma to form and rise through the crust (see Section 3.3.2, below).

3.3 Formation of the Scottish granites

3.3.1 Introduction

Scotland has remarkably diverse geology, resulting from a very long and complicated geological history.
Granite and related rocks underlie a substantial part of the country in the form of many hundreds of discrete
intrusions. The great majority of these formed during two major ‘events’ in geological history, one associated
with the closure of a large ocean, the other with opening of a large ocean.

3.3.2 The Caledonian Orogeny and formation of the Caledonian granites

Though much remains unclear about the detailed nature of the Caledonian Orogeny, geologists have
gathered sufficient evidence to reconstruct many of its major events and to place them in a robust timeframe.
The following summary is a synthesis of the relevant parts of the most widely accepted model for the major
events affecting the crust that now underlies the Scottish Highlands.

Closure of the Iapetus Ocean between approximately 500 and 400 million years ago led to several
collisions between crustal blocks during what is now known as the Caledonian Orogeny. Scotland
accounted for only a small fraction of the crust affected by these events. The mountains generated during
this orogeny stretched thousands of kilometres from what is now the eastern USA, through Northern Ireland
and Scotland and on through the eastern margin of Greenland. During the early stages, the collisions were
between volcanic island chains, like those of the western Pacific today, and the continental margin. Later
collisions involved the margins of continents that had originally faced each other across the ocean. It was
during these orogenic events that the great majority of Scottish granites were formed.

Immediately prior to the Caledonian Orogeny, the rocks that now form the Scottish Highlands consisted of
a pile of sands, muds and limestones a few kilometres thick sitting on the margin of the ancient continent 
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of Laurentia. These now comprise the Dalradian Supergroup that underlies much of the Grampian Highlands.
With the closure of the Iapetus Ocean, these sediments were deformed and metamorphosed as a volcanic
ocean island arc system collided with Laurentia. Known as the Grampian Event, this spanned perhaps 
20 million years with its peak around 470 million years ago. Crustal thickening during this event led to
localised melting and the formation of several granites in the crust that now underlies the northeast Grampian
Highlands, including the Aberdeen, Strichen, Ardclach and Moy bodies.

Later in the Caledonian Orogeny, as Iapetus continued to close, a separate collision occurred which had a
relatively minor impact, in tectonic terms, on the crust that now underlies the Grampian Highlands. One arm
of the Iapetus Ocean closed completely, causing the continent forming what is now Scandinavia to collide
with Laurentia. Geologists refer to this as the Scandian Event. In the region currently underlying the Grampian
Highlands, the Scandian collision was probably oblique rather than head-on. As well as folding, a number
of large, sub-parallel, strike-slip faults were probably active at this time. Faults that now underlie several of
the major northeast-trending valleys in the Grampian Highlands, including Glen Tilt, Loch Ericht-Strath Spey
and the Great Glen, are all part of this system. Most of the large granite plutons in the Scottish Highlands,
including the Cairngorm Granite, formed broadly contemporaneously with the Scandian Event, around 
425 million years ago. Unlike the earlier Grampian Event, the Scandian Event involved no subduction or
significant crustal thickening that might explain the generation of many large bodies of magma. Instead,
models for initiating and generating large numbers of granite plutons at this time are focusing increasingly
on the combined effects in the deep crust of faulting, crustal extension and rapid uplift.

Thus, the Cairngorm Granite may owe its genesis to simultaneous strike-slip displacement on the Ericht-Laidon
Fault (which underlies Strath Spey) and the Glen Tilt Fault. Such a setting may have created a zone of
localised extension and weakness between the faults, which extended towards the base of the crust. Large-
scale melting may have been initiated by up-welling of hot mantle towards this weak zone, possibly coupled
with a reduction in pressure and the introduction of crustal fluids to significant depths.

3.3.3 Opening of the Nor th Atlantic Ocean and formation of the Palaeogene granites

Once the Caledonian Orogeny had ceased, the crust cooled, the mountain chains eroded, and the new
‘composite’ crustal block created by the various collisions entered a period of relative stability. The 340
million years or so following the Caledonian Orogeny were relatively quiet in geological terms for the crust
now underlying Scotland. Though peripheral land may have been submerged and blanketed by sediment,
or uplifted and denuded, evidence to date suggests that the central core of the Highlands, including the
Cairngorms massif, was never submerged.

Around 65 million years ago, at the beginning of the Palaeogene, what remained of the crust affected by
the Caledonian Orogeny was split apart as the northern part of the Atlantic Ocean opened between
Greenland and Scotland. Fragments of the Caledonian orogen are now scattered around the North Atlantic
margin, notably in Scotland, Ireland, Norway, East Greenland and the eastern seaboard of Canada and
the US.

Crustal extension associated with opening of the North Atlantic Ocean led to the development of several
large centres of igneous activity on the western seaboard of the UK. In Scotland, the distinctive landscapes
of Skye, Rum, Eigg, Ardnamurchan, Mull and Arran are each underlain by one of these volcanic centres.
Large intrusions of granite form parts of the Skye and Arran complexes. Smaller intrusions form distinctive
landforms such as Ailsa Craig and Rockall.
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3.4 Field evidence for the histor y of granite plutons l ike Cairngorm

3.4.1 Introduction

In this section we outline, in general terms, the processes by which granite plutons like Cairngorm form and
evolve, and the means by which such processes may be elucidated using properties of the granite that can
be observed in the field. This provides the framework for the discussion of the lithology of the Cairngorm
Granite discussed in Section 6.

Granite magmas form and solidify deep below Earth’s surface, precluding direct observation of the
processes involved in their formation. Understanding these processes therefore relies largely on interpreting
evidence observed in the field and gathered through petrological examination of rock samples.

Many granite plutons display evidence for two distinct stages of evolution. The magma history covers the
processes of generation, evolution, migration and crystallization that magma undergoes before solidifying
completely. The hydrothermal history covers the processes of mineral alteration and mineral precipitation
(usually as veins) that occur in and around a pluton during and after magma crystallization, as hot water
released and/or mobilised by the pluton circulates through the rock matrix and in fractures. This section
summarises some generic aspects of pluton evolution, with specific reference to the Cairngorm pluton as
appropriate, and discusses some of the field evidence that can aid interpretation.

3.4.2 Magma histor y

Some bodies of magma form and solidify without moving far and without changing their chemical
composition significantly. Others, including the Cairngorm magma and many other plutons that formed
contemporaneously in the same region, form at considerable depth and then migrate to shallower levels,
changing their chemical composition and volume as they do so. Although the granite now exposed has a
geochemically evolved composition, the original magma, generated at great depth, may have had a
substantially more primitive (less siliceous) composition and may have occupied a substantially smaller
volume in the crust. The original nature of, and the processes that generated, the magma that eventually
crystallized to form the Cairngorm Granite have not been resolved satisfactorily, largely because the granite
as it is currently exposed provides few clear geochemical or other clues to its evolutionary history. It is likely
to have originated as a relatively small volume of melted mantle or lower crust (both of which have ‘primitive’
chemical compositions) that moved upwards, assimilating surrounding siliceous crust as it did so. Thus, it
grew in volume and evolved geochemically to more siliceous compositions.

The mechanisms by which magma moves through solid crust are the subject of a great deal of research. 
All models must explain how magma makes space for itself as it rises. Possible mechanisms include: forcing
aside rocks that have been heated above a large body of advancing magma and are therefore ductile
(‘diapirism’); detaching from the roof of the magma chamber blocks of rock that are either assimilated by
the magma or drop through it (‘stoping’); piecemeal forcing apart of rocks by numerous small magma
intrusions (dyking). In most cases magma ascent is probably facilitated by local or regional extension
(stretching) in the crust, creating local lower-pressure environments and fractures that the magma can exploit.
In any given body of magma, the mechanism may change with depth and/or time, as the magma moves
to shallower levels, becomes more viscous, and grows in volume. Detailed examination of a well-exposed
pluton should reveal whether magma moved into its final position in the crust as a single coherent body 
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(a diapir or balloon), as several discrete bodies (magma pulses or batches), as numerous small bodies
(sheets and other minor intrusions), or by a combination of these. Detailed mapping of the number, orientation
and disposition of intrusive units within a pluton is required to achieve this. In a pluton displaying negligible
compositional variation, such as Cairngorm, identifying different intrusive units, and the contacts between
them, relies on spotting contrasts in attributes such as grainsize, colour, texture and weathering style.

Grainsize is a measure of the average crystal size (ignoring phenocrysts; see below) in a rock. The grainsize
of rock that crystallized from magma provides an indication of the conditions under which crystallization
occurred. In simple terms, fast crystallization produces rocks with small (fine) grainsize, and slow
crystallization produces rocks with larger (coarse) grainsize. The rate of crystallization depends on several
factors, but the most important is usually how fast the magma cools. Cooling rate also depends on several
factors, but in general small bodies of magma emplaced in cool rocks will have a much smaller grainsize
than large bodies of magma emplaced in hot rocks. 

The primary grainsize of an igneous rock may be changed later when the rock is in a solid state, by
processes that result in the recrystallisation of some or all of the minerals. Geologically abrupt changes in
pressure and/or temperature, such as might occur during rapid uplift or mild compression, can cause brittle
minerals such as quartz to recrystallise into smaller crystals. Recrystallisation can therefore make a rock
appear to be composed of smaller crystals (ie finer-grained) than it was in its primary state. If grainsize is
used as a mapping attribute, care must be taken to distinguish primary grainsize from a secondary,
superimposed grainsize.

The texture of granite can provide mappable attributes and clues to the magma history. Crystals that are
notably larger than the mean crystal size of their host rock are referred to as phenocrysts and are a
characteristic feature of some plutons, including Cairngorm. A rock containing phenocrysts is said to be
phyric, while a rock containing no phenocrysts is said to be aphyric. Both phyric and aphyric granite occurs
in abundance in the Cairngorm pluton. The great majority of the phenocrysts are crystals of potassium-
feldspar (see orthoclase feldspar), though crystals of plagioclase feldspar and quartz also form phenocrysts
locally. The spatial distribution and relative age of phyric and aphyric rock in a solidified pluton can provide
important information on how and when batches of magma were emplaced.

Elongate phenocrysts can adopt a preferred orientation if the magma moves or is compressed before it has
solidified. Such a preferred orientation is manifest in outcrops and samples as phenocrysts with
approximately aligned long axes. A clear preferred orientation can be recorded as the dip and dip direction
of the long axes of the crystals. Because such a feature can develop only before the magma has solidified,
it is referred to as a pre-full crystallization fabric (PFC fabric).

Fragments of rock enclosed in magma and not related to it genetically are termed xenoliths. They may be
transported with the magma from its source region, or loosened and incorporated from wall rocks during
magma ascent, or they may fall into a magma chamber from its roof. The number, size, disposition and state
of preservation of xenoliths can provide clues to the mechanism by which magma moved and made space,
the proximity to the walls or roof of a magma chamber, and the influence that wall-rock digestion may have
had on magma composition and volume. The extent to which xenoliths move through magma is determined
primarily by contrasts in density, by magma yield strength, and by the size and shape of xenoliths; in
general, xenoliths that are significantly denser than magma will fall through it, those that are not may be
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essentially static or they may travel with the magma. Movement of xenoliths relative to magma may lead to
local re-alignment of phenocrysts. 

Fragments of rock enclosed in magma and related to it genetically are termed “autoliths”. Without detailed
geochemical analysis it is not possible to identify autoliths unambiguously. In the present study, suspected
autoliths are termed enclaves to differentiate them from xenoliths.

3.4.3 Hydrothermal histor y

Most granite magma is generated initially at depths greater than 10km below the Earth’s surface, and much
is generated towards the base of the crust or in the mantle at depths of 30km or more. Under the very high
temperatures and pressures that exist at these levels, water and other volatile phases are dissolved in
magma, and there is no free water or gas. As magma rises through the crust, the pressure and temperature
drop and crystals grow. Some minerals, such as the common micas (biotite and muscovite), have structures
that allow them to incorporate some water from magma as they grow. In magma that contains more
dissolved water than can be incorporated in such crystals, a discrete fluid phase eventually forms. Over time,
and as crystallization proceeds, water and gas separate from magma and concentrate towards the top of
the pluton.

Water enrichment in magma produces several distinctive textural features. Water is a much less viscous
medium than magma, with two important consequences:

(i) crystals may grow more freely;

(ii) elements may be transported much more quickly.

For these reasons, crystals tend to grow to a larger size in water-rich magma. Pegmatite consists of
concentrations of large crystals that have grown from fluid-rich magma or from a discrete fluid phase in
magma, and are therefore considerably larger than crystals in the rock hosting them (which grew from
relatively ‘dry’ magma). In the Cairngorm pluton, pegmatite consists typically of larger crystals of the same
minerals that occur in the host granite, namely quartz, feldspars and biotite. However, because certain
chemical elements prefer to enter a fluid phase rather than stay in magma, pegmatite can contain minerals
that do not occur in the host rock. For example, some Cairngorm pegmatite contains the minerals muscovite
(hydrated potassium-aluminium-silicate) and beryl (beryllium-aluminium-silicate).

In magma that has not yet solidified, fluid will concentrate into discrete, isolated pockets; these typically
range up to several tens of centimetres in diameter, but in exceptional cases they may attain diameters of
several metres. Where such a pocket becomes filled with coarse crystals it may be referred to as a pegmatite
patch. Miarolytic cavities are pockets in the rock that were fluid-filled and are now lined by euhedral crystals,
but are not filled completely. Miarolytic cavities occur locally in exposed parts of the Cairngorm Granite.
They typically range up to several centimetres in diameter and often contain distinctive euhedral smoky-brown
quartz crystals; these are the “Cairngorm Stones” much sought after by collectors. Pegmatite patches and
miarolytic cavities provide good evidence that magma was fluid-rich. Evidence in exposed rocks for fluid-
rich magma is generally taken to indicate proximity to the top of a pluton.

Hydrothermal fluid associated with a pluton may have two sources: the magma and its country rocks.
Thermal energy dissipating from a rising and cooling pluton can heat and mobilise fluid in country rocks.
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Mobilised fluid tends to circulate, and this can lead to fluid sourced from elsewhere entering a pluton. When
magma is in the process of crystallizing, fluid can move through the rock pervasively, ie it can access all
parts of the rock. Reaction of hydrothermal fluid with individual crystals in a rock can result in chemical
alteration. Quartz is chemically inert, but mica and the feldspars generally break down to a certain degree
in the presence of hydrothermal fluid. Biotite typically alters to the minerals chlorite, epidote, muscovite and
iron oxide. Biotite altered in this way may have a dull greenish or reddish-brown tinge, in contrast to the
shiny black appearance that is typical of fresh crystals. Feldspars typically alter to fine mica and epidote,
and they may become highly charged with very small crystals of iron oxide and other impurities. These
secondary minerals change the apparent colour of feldspar crystals and, because feldspar comprises such
a large proportion of granite, this process plays a major role in controlling the overall colour of the rock.
Pervasive hydrothermal alteration in the Cairngorm Granite has typically generated rock with an overall
colour in shades of pink and orange. In general, the intensity of colour in granite is an indication of the
degree to which the rock has altered in the presence of hydrothermal fluid. Changes in rock colour or colour
intensity within a pluton may point to subtly different magma units, or they may reflect spatial variations in
the degree of hydrothermal alteration.

As cooling and magma solidification proceed, the development of a discrete fluid phase is accompanied
by increased magma rigidity. Beyond a certain point, magma ceases to behave as a ductile crystal mush
and behaves instead as a brittle solid medium. During the latter stage, fluid concentrates in brittle fractures.
Fluid that separates directly from magma will be in chemical equilibrium with it. Minerals that grow from the
fluid will therefore be largely the same as those that crystallized from the magma. Such fluids give rise to the
coarsely crystalline pegmatite sheets commonly observed within plutons and adjacent country rocks. 

Hydrothermal fluid that includes fluid from sources external to the pluton is likely to be out of equilibrium with
the granite. The chemical composition and high temperature causes the fluid to react with its host rocks,
resulting in high concentrations of dissolved elements in the fluid. In and around highly siliceous bodies, such
as granite, hydrothermal fluid will generally be rich in dissolved silica (SiO2). As it cools, the dissolved silica
precipitates from the fluid as quartz. All of the mm-scale and larger hydrothermal veins associated with the
Cairngorm Granite consist largely, or entirely, of white quartz. Some veins contain crystals of feldspar and
mica in addition to quartz, but at outcrop these have generally dissolved during weathering, leaving cavities
with the shape of the minerals. Many quartz veins show evidence for several phases of precipitation. High
fluid pressure can cause fractures to form and/or dilate, and to stay dilated until minerals (in this case quartz)
have precipitated and filled them. This process may repeat several times. Most of the larger veins in the
Cairngorm Granite appear to have resulted from poly-phase growth, opening and mineral precipitation.

Quartz is a chemically inert mineral under most geological conditions, and in the weathering environment it
is only really susceptible to mechanical wear. Quartz veins typically weather more slowly than enclosing
granite and often stand slightly proud of granite pavements and cliffs, though processes such as freeze-thaw
may fragment them. Quartz vein fragments tend to persist on weathered surfaces and, over time, they
become concentrated as the surrounding granite weathers more quickly. A walk across the Cairngorm
plateau reveals a larger proportion of quartz vein material lying on the plateau surface than actually occurs
in the granite. This means that the location and orientation of quartz veins is often revealed on weathered
Cairngorm plateau surfaces by linear trails of white quartz vein fragments, from which approximate trends
of the underlying veins may be measured.
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Hydrothermal fluids from which quartz veins precipitate are under high pressure, causing the fluids to infiltrate
along crystal boundaries, microfractures and through pore spaces created by hydrofracture and mineral
dissolution. The infiltrating fluids create zones or haloes of altered rock adjacent to the main fractures along
which the fluids entered the rock. Where alteration occurs, new minerals may replace the original minerals
and a network of tiny connected pore spaces may develop, particularly in feldspars. These effects weaken
the rock physically and make it easier for further fluid to penetrate further. The net effect is to make altered
rock more susceptible to weathering and erosion than unaltered rock. Alteration zones exposed on the
present surface of the Cairngorm Granite are typically more strongly weathered and more deeply coloured
than unaltered granite, and they are typically associated with, and parallel to, quartz veins. In the Cairngorm
Granite, alteration zones ranging from centimetre- to 10m-scale usually enclose planar quartz veins ranging
from millimetre- to metre-scale. The strongly contrasting weathering characteristics of these features are
illustrated frequently in the Cairngorm Granite, where low points in the plateau or in corrie headwalls are
very commonly underlain by strongly weathered alteration zones, often with one or more quartz veins
standing proud within them, or with one or more trails of quartz vein fragments extending along them. Good
examples of these features are listed in Section 6.
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4 SATELLITE AND AIR PHOTOGRAPH IMAGERY

4.1 Introduction

Remotely sensed imagery (satellite images and air photographs) has played an important role in the
Cairngorms Project. Data gleaned from them have been used to help elucidate links between structural data
captured at the outcrop scale, large-scale lineament data that may reflect joint systems, faults and fracture
zones or other linear phenomena, and the major linear landscape features, such as the straths and glens. 
In this way, we aimed to establish which, if any, of the structural phenomena collected at the outcrop scale
could be related genetically to the landscape.

4.2 Air photograph imager y

About 140 1:24,000-scale stereoscopic air photographs that cover the central part of the project area 
were obtained from the Royal Commission on the Ancient and Historic Monuments of Scotland (RCAHMS).
The photographs were scanned and registered to British National Grid in the early stages of the project.
From these scans, digital stereo photograph models were prepared and used to capture lineament data from
most of the Cairngorms area, using ImageStation™, a computer system that allows direct digitisation of
features on air photographs viewed in stereo on a computer screen. The results of this lineament capture
work are discussed in Section 7.

The digital air photographs were also converted to orthogonal images free of spatial distortion and
amalgamated to form orthophotograph mosaics that cover most of the Cairngorms. Such mosaics can 
be draped on a digital terrain model (DTM) and used in 3-d display and modelling packages such as 
ERDAS Imagine™ and ArcScene™ to aid visualisation. An example is given in Figure 5, showing a virtual
perspective view of upper Glen Avon created by draping an ortho air photograph over the 10m resolution
DTM prepared for the project from Ordnance Survey contour data. A drawback with using such imagery
on a large scale is the size of the digital air photograph mosaic files. Individual mosaic strips are hundreds
of megabytes in size, whilst the mosaic for the whole of the Cairngorms occupies over three gigabytes 
of disk space. Hence they are probably best used at present for images like that shown in Figure 5. Other
spatial data that are held in GIS layers can be draped over such images; such data could include maps of
solid geology and superficial deposits, soils and vegetation.

4.3 Satell i te imager y

Cloud-free Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper (ETM) satellite imagery were
processed, then used to obtain geological and geomorphological information using a combination of bands
4, 5 and 7. Image processing included rectifying the imagery to the British National Grid, contrast stretching
to improve ease of interpretation, and edge enhancement to highlight features in the linear, medium frequency
domain. Figure 6 shows a basic Landsat ETM satellite image scene “cookie-cut” to produce a satellite image
clipped to one of the proposed Cairngorm National Park boundaries.

Landsat ETM+ data acquired on 13 December 1999 have also been evaluated, geocorrection of the
imagery improved, and the image processed to bring the pixel resolution to 15m. Contrast stretching and
filtering enhanced edges, thereby sharpening the image. New Landsat TM multi-spectral satellite image data
were also acquired and used in the preparation of digital stereo models from scanned aerial photographs
and Thematic Mapper satellite imagery.
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4.4 Digital elevation and terrain modell ing

Two digital terrain models have been built for this project. The first is a 10m resolution DTM for the current
landscape, based on Ordnance Survey contour data. This is the surface upon which other spatially registered
datasets have been draped for visualisation and interpretation.

The second DTM is a model of the pre-Quaternary Cairngorm landscape, built to provide a visual
comparison with the current landscape and thereby reveal the changes resulting from glaciation. The way
in which this model was produced and how it has been interpreted are discussed in Section 8.
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5 FIELDWORK PROGRAMME

5.1 Introduction

Although a significant amount of lineament data was acquired from remotely sensed satellite and air photograph
imagery, acquisition of the critical, outcrop-scale, structural data from the Cairngorm Granite required a
carefully planned and executed programme of fieldwork. Scheduled originally for summer 2001, the fieldwork
was delayed until summer 2002 by the outbreak of Foot and Mouth Disease in the spring of 2001.

Prior to the main phase of fieldwork, several reconnaissance field visits were undertaken to establish at the
outcrop scale:

● the nature of structures and discontinuities in the granite;

● the key lithological characteristics of the granite;

● standards of method and nomenclature;

● optimum data collection techniques;

● equipment performance and reliability;

● logistical requirements.

Due consideration of these matters was essential to ensure that relevant geological data were captured
efficiently across the massif, and because the main fieldwork programme was undertaken by three two-
person teams working largely independently. Each is discussed further below.

5.2 The nature of structures and discontinuit ies

The most abundant structural feature in granite outcrops is jointing. A key aim of the project was to try and
establish the extent to which the landscape on the large scale is related to joint patterns at the small scale.

Two main types of joint are exposed in granite surfaces: sets that are predominantly steep everywhere and
that are interpreted as belonging to a ‘primary’ structural system, and sets that have variably shallow to steep
dips that follow topography and which are referred to as ‘sheet joints’ (Glasser, 1997). In this study, we
have concentrated on the predominantly steep, primary joints that can be considered to have formed during
the early history of the Cairngorm Granite. Primary joints fall into two categories: systematic and non-
systematic. The systematic joints comprise sets of essentially planar discontinuities with consistent orientations
that can be readily measured. These form the bulk of the joints observed in outcrop and it is these joints that
have been studied in this project. Non-systematic joints are markedly curvi-planar, with orientations that vary
across the joint surface on the metre scale. The orientations of these joints cannot be established by a single
measurement. These joints are rather less common than the planar joint sets and often only occur singly,
rather than in sets. However, they are commonly observed in tors.

Reconnaissance fieldwork revealed several other types of ‘structural’ discontinuity in the granite that may
influence the development of landscape features, and whose orientation, scale and distribution needed to
be recorded; these included sheets of microgranite and pegmatite, zones of altered granite, and quartz veins.
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5.3 Key l i thological characterist ics of the granite

Spatial variations in granite character could influence the development of landscape features, principally
through varying susceptibility to weathering and/or erosion. The key lithological characteristics of the
Cairngorm Granite identified during reconnaissance fieldwork are listed in Table 1. Each was assessed at
stations during the main fieldwork programme.

The complete coverage of the Cairngorm massif that was planned presented an opportunity to improve 
the lithological map of what is, in socio-economic terms, one of Scotland’s most important granite intrusions.
The existing BGS map, which is based on the PhD thesis work of Harrison (1987), lacks detail and leaves
unresolved some problems that could be readily addressed during the main period of fieldwork. 

The fieldwork also presented an opportunity to collect a reference set of rock samples from the Cairngorm
pluton that would form an important resource for this and future projects. Small (~ fist-sized) samples of rock
were collected from approximately 300 of the 704 outcrop stations. Each sample is representative of the
main lithology at the source station. Some attributes, in particular colour and grainsize, were re-evaluated
after the fieldwork by directly comparing the samples, producing more consistent datasets.

5.4 Standards of method and nomenclature

Three teams of two people undertook the main phase of fieldwork, each team comprising a BGS geologist
and a field assistant. In order to maximise consistency in datasets, we established project-specific standards
of methodology and nomenclature. The standards were based on common BGS field survey practice and
schemes produced by BGS of standardised rock classification and nomenclature. These were modified slightly
so as to be relevant to the geology of the Cairngorms, the problems we were endeavouring to solve and with
due regard to the logistics of the fieldwork. With regard to the lithology of the Cairngorm Granite, the key
words are presented in the “Explanation” column of Table 1. The reconnaissance visits allowed us to refine and
agree on the terms for subjective attributes, like colour and weathering state, before beginning the main survey.

The orientation of structures was measured in the following ways. Dip and strike were measured using the
Right-hand Rule, so that the strike direction is 90° anticlockwise of the dip direction. For example, if a surface
dips due west, the strike is 180°. Where only trends could be measured – for example along a trail of quartz
vein debris – a compass bearing between 0° and 179° was measured.

5.5 Optimum data collection techniques

The potential of digital field data capture as opposed to the traditional pen-and-notebook method was tested
during reconnaissance fieldwork. We established that digital data capture would be valuable, not only
speeding up the process, but also aiding consistency in methodology, nomenclature and the range of data
captured at each outcrop. Handheld GPS receivers were used to establish the location of each station.
Geological structures were orientated using compass-clinometers.

During the main fieldwork programme two teams used rugged, hand-held Husky computers, each with a
Garmin handheld GPS attached, to collect outcrop, lithological, sample and photograph data via Pocket
Systems PocketGIS, and structural data via Microsoft PocketAccess. Insurmountable technical problems with
a third Husky computer at the beginning of the main fieldwork resulted in one team collecting data using a
notebook and GPS.
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5.6 Testing of equipment

Field computer and GPS equipment were tested during reconnaissance fieldwork to identify problems that
might arise and to be aware of how the equipment would perform on a daily basis in a harsh mountain
environment, particularly with regard to battery life. This also allowed us to become practically familiar with
the equipment. Apart from one machine failing early in the fieldwork, the computer equipment worked well
and proved an efficient and robust means of collecting data, even under very adverse weather conditions.

5.7 Logistical considerations

The fieldwork was planned to take place over five weeks. Following lengthy discussion with SNH Local Area
Officers and Advisory Staff in Edinburgh, we agreed to undertake most of the fieldwork via daily access
from public campsites based in areas peripheral to the massif. These were at Glenmore (two weeks) and
Grantown (one week). The Glenmore camp provided access to the northern and western parts of the massif.
The Grantown campsite was the nearest to use as a base for work in Glen Avon, though it necessitated a
lengthy drive to and from the field area.

Some areas were too remote to be accessed on a daily basis, and two field camps were established in the
mountains. A site in Glen Luibeg [NO 30117 79470] provided access to the central southern Cairngorms,
and a site in Coire nan Clach on Beinn a’ Bhuird [N J 31010 82000] provided access to the Beinn a’
Bhuird and Ben Avon plateaux and hills to the south (Figure 8).

Each team of two worked for four or five consecutive days, rotating the four field assistants between each
team; one field assistant remained in camp each day to provide security and to help collate samples and
data. Everyone remained in camp every fourth or fifth day to recuperate physically and to allow collation
of data, discussion of progress and route planning.

Routes taken during the fieldwork were pre-planned to ensure, as far as possible, even spatial coverage of
the pluton in the time available (Figure 8). Field data were recorded at stations on individual outcrops,
including ‘absence’ if the feature was not observed. All the maps that show distributions of features given
later in the report only show the location of the features where they were observed; for clarity, features
recorded as ‘not observed’ are not shown.

Each station is identified by a unique code and GPS location. Most of the areas with significant outcrop
from which structural and lithological data can be readily obtained were visited. The only significant areas
not visited were the Beinn Bhrotain massif [NH 29542 79228] and the ground between Glen Derry and
Dubh Ghleann – upper Glen Quoich (Figure 8). This was due to adverse weather conditions, compounded
by limited time, precluding the opportunity to visit these areas at a later date.

Decisions on where to site a station were made en route, taking into consideration the amount and quality
of exposure anticipated along the route, and balancing the need to maximise the size of the dataset against
time constraints. Most stations were selected to be generally representative of the granite at that location 
in the pluton. However, a small proportion of stations were set up to record specific features of, or in, the
granite; for example a contact between contrasting rock units, or a large quartz vein. Where time and
exposure allowed, notes were made of the lithological character of ground in between stations.
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5.8 Comments on exposure, bias and censoring

5.8.1 Exposure

More than 95% of the Cairngorm Granite surface is effectively hidden beneath vegetation, glacial debris
and weathered ground. The degree to which solid rock is exposed and accessible varies dramatically
across the massif, from extensive cliffs in which the granite and joints are very well exposed but generally
inaccessible (Plate 2), to large expanses of plateau and hillside, such as that in the middle distance of 
Plate 3, that are easily accessed but very poorly exposed. Between these extremes is a wide range 
of features – stream floors, cliff edges, rock pavements, tors, roches moutonnées, protruding rock ribs and
pre-glacial weathered surfaces – that present solid rock for examination. Extensive blockfields that mantle
large parts of the plateaux have developed more-or-less in situ (ie individual blocks have not moved
significantly). In plateau areas where solid geology is not exposed, blockfields were assumed to be broadly
representative of the underlying solid geology.

5.8.2 Bias and censoring

All geological survey work inevitably suffers to some degree from bias and censoring. In the present study,
stations are generally spaced much more widely in poorly exposed ground (such as the large area of
heather-covered low ground in the northeast of the pluton) than they are at plateau margins where the
number and quality of exposures tends to be relatively high. Furthermore, stations in poorly exposed ground
tend to be sited on smaller exposures of poorer quality. Some attributes are likely, therefore, to be statistically
under-represented in data collected from poorly exposed ground. Variations in the number, size and quality
of stations all introduce bias to the dataset.

The Cairngorm Granite, and the lithological and structural features within it, is a three-dimensional entity. 
Part of the granite has been eroded, and a large proportion is concealed beneath the present surface,
perhaps extending to a depth of several kilometres or more. Our ability to examine the granite and its
features is restricted to a broadly two-dimensional surface (with a maximum vertical relief of around 800m
compared to a maximum width of about 30km) across which the granite is presently exposed. Significant
exposure limitations, as described above, mean that only a small proportion (<5%) of the two-dimensional
surface can actually be examined. Thus, our investigations of the granite and the features in it are potentially
subject to substantial bias arising from the fact that an exposure or sample cannot necessarily provide the
full range of features characteristic of the rock mass as a whole.

Logistical constraints and the need to expedite data capture mean that data have been recorded only from
selected outcrops (stations) on the exposed surface of the pluton (Figure 8). Consequently, all the datasets are
censored to a degree, as this method of data acquisition will have excluded or poorly represented some features.

The field programme was planned and executed carefully, bearing in mind the problems of bias and
censoring. The resulting datasets are extensive, reliably consistent and by far the most comprehensive of their
kind available for the Cairngorm Granite or any other large Scottish granite intrusion. Statistical corrections
could be applied to address some of the sampling problems, but such corrections are considered to have
limited value in the context of the project scope and objectives. The likely effects of bias and censoring have
been considered in making the interpretations and conclusions that appear here.
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6 LITHOLOGICAL CHARACTER OF THE CAIRNGORM GRANITE

6.1 Introduction

Many Scottish plutons contain a range of genetically related rock types or ‘lithologies’ (eg diorite, granodiorite
and granite). The spatial distribution of different lithologies in a pluton can often be used to determine how the
magma evolved and how it was emplaced. The Cairngorm pluton shows little in the way of such lithological
variation, being composed uniformly of granite. The granite is made up of sub-equal amounts of the minerals
orthoclase feldspar, plagioclase feldspar and quartz, with minor amounts (~5%) of biotite. The rock also contains
small amounts of the minerals zircon, apatite and magnetite. In contrast to the compositional uniformity, the
granite varies widely in terms of texture and grain size and also hosts a wealth of features that formed in the
latter stages of, and after, crystallisation. These and other properties have been used in the present project
to subdivide the Cairngorm Granite and to help elucidate its emplacement and crystallization history.

The lithological character of the granite was surveyed to determine the range and spatial distribution of
several key attributes. Intrinsic lithological characteristics, including grainsize, colour and texture (Section 6.2)
were recorded at every granite outcrop station (a few stations were made for other specific purposes, such
as photographs). The presence or absence of locally occurring lithological features (Section 6.3), including
pre-full crystallisation fabric (PFC), microgranite, pegmatite, quartz veins, alteration zones, miarolytic cavities,
xenoliths and enclaves (see Table 1), was noted at all ‘granite’ stations. From knowledge of the distribution,
disposition and relative age of all these attributes and features, we have aimed to infer a model for the pluton
history. The influence exerted on landscape form and development by the lithological character of the
Cairngorm Granite is interpreted using this model. 

6.2 Intrinsic l i thological characterist ics of the Cairngorm Granite

Grainsize, texture and colour data recorded from stations within, and samples collected from, the Cairngorm
Granite have been assessed and interpreted using maps. The samples have been used as a reference set
against which to ‘calibrate’ field observations of grainsize and colour.

6.2.1 Grainsize

Nine class intervals (CI) of grainsize were identified from the sample set (Table 2), ranging from 1 (individual
crystals too small to be discerned by the naked eye) up to 9 (average crystal size around 8mm). A histogram
of grainsize class frequency reveals an essentially unimodal distribution skewed towards coarser grainsize,
with a peak at CI 7 (Figure 9a).

Table 2 Definitions and names of grainsize class intervals used in this repor t.

Class interval Approximate average
(CI) crystal size (mm) Rock name

1 <0.25 rhyolite
2 0.25–1 microgranite
3 1–2 microgranite
4 2–3 fine granite
5 3–4 fine granite
6 4–5 medium granite
7 5–6 medium granite
8 6–7 medium granite
9 7–8 coarse granite
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Figure 9 Histograms of the basic lithological characteristics of Cairngorm Granite. Note the
dominance of intermediate to coarser grainsizes and aphyric to moderately phyric
character. Feldspar colour is in tones of orange or pink. It is these colours that impart the
typical ‘red’ colour of granite.



Grainsize of CI 1 was recorded from only one sample, from Coire Garbhlach at the southwest margin of
the pluton in the southern Feshie Hills. The sample comes from an exposure where the magma chilled rapidly
against country rock, producing a very fine-grained rock of granite composition (such rocks are referred 
to as rhyolite). Rhyolite was also observed adjacent to the pluton margin at the head of Gleann Einich and
on the north side of the River Avon. A thin ‘chilled margin’ of rhyolite probably extends around most of the
contact between the granite and its country rock, but this is almost entirely unexposed. A small peak at 
CI 2 represents sampled microgranite sheets and patches. The remaining class intervals represent the ‘main’
Cairngorm Granite. There are no marked changes in frequency across the range of class intervals. This is
consistent with field observations that revealed few sharp contacts between units of contrasting grainsize,
other than around patches and sheets of microgranite.

A preliminary map of grainsize variation was created using sample data for all sampled stations and field
data for unsampled stations. From this, a simplified map2 (Figure 10) was created in which the nine grainsize
class intervals are refined into four classes. In areas of the map identified as ‘microgranite’, the majority of
stations are underlain by rock of grainsize CI 2 or 3. ‘Fine granite’ lies dominantly in CI 4 or 5, ‘medium
granite’ dominantly in CI 6, 7 or 8, and ‘coarse granite’ lies in CI 9.

To distinguish these classes on Figure 10, lines have been drawn to delineate areas of the pluton that exhibit
significant contrasts in grainsize. However, it is emphasised that the linear boundaries on the map do not
generally represent sharp contacts between rock units of contrasting grainsize. Sharp contacts between
microgranite and coarser granite are observed frequently in the pluton, partly because of the contrast in
grainsize and partly because microgranite typically forms discrete intrusions in coarser granite bounded by
sharp contacts. In contrast, sharp contacts between fine granite and medium granite are observed very
rarely. To an extent, this is because the relatively small difference in grainsize is difficult to discern in the
field, but sharp contacts between such units do appear to be genuinely very rare and gradational contacts
over tens of metres are typical. Figure 10 reveals large-scale contrasts in grainsize within the pluton. Medium
granite dominates, underlying around two-thirds of the outcrop. Fine granite forms a prominent, broadly 
NE-trending swathe, extending from the SW margin of the Central domain to the central part of the Eastern
domain. This swathe is interrupted briefly by the northern-most part of the re-entrant of country rock on the
floor of Glen Derry. It is unclear whether fine granite magma was emplaced as a single body that is now
apparently divided at the present level of exposure by the re-entrant, or as two bodies separated by a screen
of metasedimentary rocks. Fine granite forms the high plateaux of Ben Macdui, Cairn Lochan, Braeriach and
The Angels Peak. A much smaller area of fine granite crops out at the southern edge of the Eastern domain.

Large bodies of microgranite occur throughout the pluton, notably in the central part of the Western domain
where microgranite underlies a large area of very poorly exposed ground. Coarse granite is restricted almost
entirely to the area of ground straddling the middle section of the River Avon in the northern part of 
the Eastern domain. Although Harrison (1987) suggested this coarse granite might be a separate pluton 
(he named it the ‘Glen Avon Granite’), our observations suggest it is part of the Cairngorm Granite (see
discussion below).

2 Some parts of this map (in areas that we were unable to visit) incorporate boundaries within the pluton that are shown on
existing BGS 1:50,000 scale geological maps. 
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6.2.2 Texture

In the present context, ‘texture’ refers to the degree to which phenocrysts are developed in the granite, as
determined at stations in the field. This was recorded initially in terms of five classes (CI), ranging from
aphyric (1) to strongly phyric (5). A histogram of class frequency (Figure 9b) reveals a small proportion of
stations described as strongly phyric, and a broadly even distribution across the remaining four classes.
Around half of all stations were described as aphyric or essentially aphyric, and around half were described
as weakly phyric or moderately phyric. Thus, the initial five class intervals of textural character can be
simplified into three main classes: aphyric granite (in which granite at the great majority of stations was
described as aphyric or essentially aphyric); phyric granite (in which granite at the great majority of stations
was described as weakly phyric or moderately phyric); and strongly phyric granite. The pluton can be
divided into areas dominated by one of these three variants, as shown in Figure 11. As with the grainsize
map (Figure 10), the boundaries serve to delineate areas of generally different texture; they do not represent
sharp boundaries in the granite, and the caveats noted for the boundaries delineating areas of differing
grainsize (see Section 6.2.1) apply to Figure 11.

The areas delineated on the basis of three textural classes have a rather irregular distribution. Phyric granite
dominates, underlying around two-thirds of the outcrop. Aphyric granite underlies nearly a third of the outcrop,
most of it in a broad swathe between the NW and SE margins of the pluton, but split by a narrow belt of
phyric granite that is parallel to, and developed on either side of, Loch Avon. A small area of aphyric granite
underlies ground at the extreme western margin of the pluton. Sizeable areas of strongly phyric granite crop
out only in the northern part of the Eastern domain. A large area straddles the middle reaches of Glen Avon,
overlapping in large part with the coarse granite described above. A smaller area forms the far NE part 
of Ben Avon. Strongly phyric granite was also recorded in small areas (too small to appear on Figure 11) 
NE of the summit of Ben Macdui and around Einich Cairn. All of these occurrences are surrounded by, or are
adjacent to, phyric granite.

6.2.3 Colour

Two datasets of rock colour have been generated. One records rock colour as it appeared in the field 
(at stations), the other describes the colour of collected samples. Virtually all of the Cairngorm Granite is
coloured in shades of pink and orange. Subtle variations in hue could not be discerned reliably in the field,
and in any event are probably not geologically significant. Instead, emphasis was placed on colour intensity,
and in both datasets the intensity of the pink/orange colouration was recorded according to the following
class intervals: very light, light, moderate, dark, and very dark. ‘White’ granite (ie lacking any pink/orange
colouration) was recorded at a few stations; these examples have probably been leached of minerals that
normally give the rock its colour (in particular fine particles of iron oxide in feldspar crystals) by contact with
acidic waters percolating through peat. The sample dataset specifically recorded feldspar colour rather than
the overall colour of the rock sample, to take account of the fact that rock colour is determined principally
by the colour of feldspar crystals (Figure 9c).

Separate maps (not reproduced here) were prepared of rock colour saturation recorded in the field and in
the samples. Agreement between the maps is reasonably good on a general level, but is relatively poor in
detail. This is not unexpected, as the sample dataset benefited from an ability to compare samples directly,
and focused on feldspar crystals only rather than the rock as a whole. In neither case is it possible to draw
a map with boundaries that summarise colour variations across the pluton meaningfully; this is due largely
to a considerable degree of local variation. The maps do, however, reveal two crude but important patterns:
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Figure 10 Variation in grainsize across the Cairngorm Granite. OS topographical information © Crown copyright. All rights reserved.
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Figure 11 Variation in texture across the Cairngorm Granite. See text for discussion. OS topographical information © Crown copyright. All rights reserved.



● weakly coloured rock is more common in the outer parts of the pluton, strongly coloured rock is more
common in its interior;

● strongly coloured rock tends to occur close to major topographic features, such as troughs and corries,
whereas weakly coloured rock tends to occur in topographically subdued ground.

The colour and colour strength of granite is controlled to a large degree by alteration of minerals in the
presence of hydrothermal fluid. Before solidification, hydrothermal fluid moves pervasively through magma
and will concentrate towards the top of a pluton. Following solidification it will be channelled largely through
fractures, probably still focused in and around the uppermost parts of a pluton. Thus, the general pattern of
colour variation in the Cairngorm Granite reflects two things:

(i) the higher level in the pluton of the central part of the massif relative to the outer parts;

(ii) the uneven spatial distribution of quartz veins and associated hydrothermal alteration zones.

6.3 Locally occurring l i thological characterist ics

In this section we discuss the nature and distribution of features that occur locally in the Cairngorm Granite,
rather than being an intrinsic feature. These include pre-full crystallisation (PFC) fabrics, bodies of microgranite
and pegmatite, miarolytic cavities, quartz veins and alteration zones, and inclusions (xenoliths and enclaves).

6.3.1 PFC fabrics

Around 60 measurements were made of PFC fabrics. The relatively small number of measurements and 
their necessarily scattered distribution (restricted to areas of the pluton containing elongate phenocrysts)
means that there are insufficient PFC measurements to permit correlations with other measured attributes 
of the granite, such as grainsize. However, some interesting observations can still be made. Of the c.50
PFC occurrences for which dip was recorded, all but 9 are gently inclined (dip less than 20º). Most of these
are sub-horizontal and they have a wide distribution across the pluton. These data suggest the magma was
compressed against the chamber roof by the pressure of magma rising from below. Steeply inclined (dip
greater than 70º) PFC fabrics were recorded at only five stations; these locations may represent channels
feeding magma into the emplacement chamber from deeper levels, or they may result from drag caused by
the descent of large xenoliths through the magma.

Measurements of the dip direction of PFC fabrics are more variable, and reveal some degree of spatial
variation. In the Western domain, virtually all measured dip directions are broadly northwards (or aligned
N–S where the inclination is sub-horizontal). In the Central domain, most PFC fabrics are aligned parallel 
to NNE, though there is also a prominent preferred orientation parallel to ESE. In the Eastern domain this
pattern shifts slightly to fabrics aligned parallel to NE and SE, with those aligned parallel to SE particularly
prominent in the area of strongly phyric coarse granite that straddles Glen Avon.

6.3.2 Microgranite

Microgranite occurs in the pluton in two principal forms: as irregular ‘patches’ ranging from centimetres to
kilometres across, and as sheets ranging from centimetres to tens of metres wide (sheet length generally
exceeds outcrop margins and was not measured). Some microgranite patches are large enough to appear

49

Scottish Natural Heritage Commissioned Report No. 064 (ROAME No. F00AC103)



on the ‘grainsize’ map as separate units (Figure 10). Where contacts with the enclosing granite are
observed they tend to be sharp and are often gently inclined, suggesting that many of the bigger patches
may be large gently inclined sheets; Harrison (1987) made a similar observation.

Microgranite occurs as sheets and/or patches at 181 stations; their frequency of occurrence is given in
Table 3 and their distribution in the pluton is shown in Figure 123.

The apparent distribution of microgranite is markedly heterogeneous, with the majority of recorded sheets
occurring in three prominent clusters: an E–W swathe across the southern part of the Central domain, 
a concentration in the NE quadrant of the Central domain, and a concentration centred around Beinn a’ Bhuird
and Ben Avon in the Eastern domain. This distribution may reflect to a large degree the bias associated with
variations in the number, size and quality of exposures, so that the distribution in better-exposed areas may
indicate that microgranite sheets and patches have a broadly even distribution across the presently exposed
level of the pluton. However, the available data do not rule out the possibility that microgranite sheets are
distributed unevenly, perhaps developed in greater abundance at shallower levels in the pluton.

Table 3 Frequency of occurrence of locally occurring lithological features of the Cairngorm Granite.

Frequency of occurrence

Lithological feature Rare Common Abundant Total

Microgranite 93 74 14 181

Pegmatite 46 34 9 89

Miarolytic cavities 17 10 5 32

Quartz veins and 60 46 22 128
alteration zones

Xenoliths 8 5 2 15

Enclaves 9 2 11

In the Cairngorm pluton, microgranite is always younger than its host. Magma that solidified to form the
microgranite sheets and patches was injected into the coarser granite once the latter had largely solidified.
The occurrence of microgranite as both sheets and patches reflects differences in the degree of viscosity
contrast between the microgranite magma and its host at the time of microgranite magma injection. Where
the viscosity contrast was high (ie the host was largely or completely solidified), the injection of new magma
both created and filled fractures in the host, forming extensive microgranite sheets. Where the viscosity
contrast was low (ie the host was not solidified), the injected microgranite magma separated into numerous
discrete patches, similar to the manner in which oil dropped into water forms discrete globules. Local
variations in the extent to which microgranite forms patches or sheets may reflect contrasts in the viscosity of
coexisting magma, or it may indicate that microgranite magma was injected into the granite emplacement
chamber over a long period of time, as the pluton cooled. Sheets and patches have, in some cases, been
recorded in the same area, sometimes at the same station, supporting the latter theory.

3 Note that Figure 12 does not show the position of several km-scale patches of microgranite (cf. Figure 10).
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Figure 12 Distribution of microgranite patches and sheets. See text for discussion. OS topographical information © Crown copyright. All rights reserved.



6.3.3 Pegmatite

Pegmatite occurs in the granite as both sheets and patches that are typically centimetre to 10-cm scale, but
are occasionally larger; one spectacular example of a pegmatite patch up to several metres across and with
individual crystals of quartz and potassium-feldspar up to 1m long, occurs on the SW flank of A’ Choinneach
([N J 0232 0372]; Plate 4). Pegmatite was recorded as ‘rare’ at 46 stations, ‘common’ at 34, ‘abundant’
at 9, and ‘absent’ from the rest (Table 3). The distribution and abundance of all recorded pegmatite is shown
in Figure 13, and the orientation of pegmatite sheets is discussed in Section 7. As with microgranite, the
recorded distribution of pegmatite must reflect to a large degree the bias associated with variations in the
number, size and quality of exposures. It is also likely that elevation plays a role in controlling the location
and abundance of pegmatite, as fluid tends to concentrate towards shallower (upper) levels of plutons.

A notable feature of pegmatite patches is their tendency to occur in concentrations, often in gently inclined
layers within the granite. Such a feature is well displayed on the upper parts of the ridge between Coire an
Lochain [NH 943 001] and Coire Ruadh [NH 967 002], on the northern flank of Braeriach. At Creagan
a’ Choire Etchachan [NO 013 997], which forms part of the southern headwall of Coire Etchachan, a
layer up to 10m thick and rich in large pegmatite patches is encountered on the north and south sides of
the ridge at approximately the same elevation.

6.3.4 Miarolytic cavit ies

Miarolytic cavities were recorded at 32 stations (Table 3, Figure 14). When present, they generally occur
more frequently at the outcrop scale than other, larger-scale features. They are distributed widely across the
pluton, but there is an apparent concentration in a wide swathe across its centre (Figure 14). Although the
recorded distribution must reflect to some degree the bias associated with degree and quality of exposures,
it is likely that relative location in the pluton plays a role in controlling the location and abundance of miarolytic
cavities. This is because the fluid that forms miarolytic cavities will concentrate towards the roof of plutons.
The presence of miarolytic cavities close to the pluton margin in some areas suggests the pre-glacial surface
of much of the massif may have been in, or close to, the roof-zone of the pluton; in other words, the gentle
domed shape of the present (and pre-glacial) massif may reflect, at least in part, the shape of the now-eroded
roof of the pluton. Good examples of rock containing numerous miarolytic cavities occur at the summit tor
of Meall Dubhag [NN 8804 9549] and on the plateau just west of Ben Avon summit [N J 1275 0159].

6.3.5 Quar tz veins and alteration zones

Quartz veins and/or associated alteration zones were recorded at 128 stations (Table 3). The distribution
and trend of recorded quartz veins is illustrated in Figure 15. They are developed widely in the Cairngorm
pluton, though as with other features their apparent distribution is influenced by local variations in the number
and quality of exposures. The orientation and distribution of these hydrothermal features is discussed in more
detail in Section 7. Good examples of large quartz veins in alteration zones occur at the top of Devil’s Point
Burn [NN 9675 9491], in the col at the head of Glen Luibeg [NO 0097 9963], intersecting the plateau
margin at the head of Coire an t-Sneachda [NH 9939 0289], and around the floor of the stream at the
head of Slochd Beag [N J 1315 0286]. Some of the best examples of straight, linear trails of white quartz
vein fragments are developed on the plateau between Cairngorm and Ben Macdui (eg at [N J 0001 0394]
and [NH 9805 0129] ); these reveal the location and orientation of veins in the underlying bedrock.
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Plate 4 An unusually large pegmatite patch in the Cairngorm Granite on the SW flank of A’ Choinneach
[NJ 0232 0372]. The patch is up to several metres across and has a crudely tabular form,
with some margins partly parallel to steeply dipping joints. Individual crystals of white
quartz and dark orange-red potassium-feldspar are extremely coarse, and can approach
1m in length; many have been badly damaged by mineral collectors.
Photograph: Martin Gillespie, BGS Image P524720. © NERC 2003.
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Figure 13 Distribution of pegmatite within the Cairngorm Granite. See text for discussion. OS topographical information © Crown copyright. All rights reserved.



6.3.6 Xenoliths

Xenoliths were recorded in only two parts of the pluton (Figure 16). They are most abundant in parts of the

northern area of the Eastern domain, where they are prominent within the strongly phyric coarse granite that

underlies the central part of Glen Avon (the ‘Glen Avon Granite’ of Harrison [1987]). Many exposures in

this generally poorly exposed area contain angular xenoliths of metasedimentary rock up to several metres

across (eg at [N J 0946 0655]). Xenoliths were also recorded at several stations further to the ESE, over

the northern part of Ben Avon. Fragments of metamorphosed sedimentary rock up to around 30cm diameter

are relatively common in phyric medium granite underlying a small area at the eastern end of Sgòr Mór,

close to the southern margin of the pluton (eg at [NN 9988 9227]). The xenoliths generally have sharp

contacts with the enclosing granite, pointing to negligible digestion.

6.3.7 Enclaves

Enclaves were encountered very rarely in the Cairngorm Granite (Table 3), and the twelve or so recorded

occurrences are scattered widely (Figure 17). The majority consist of a granitic rock that is finer grained 

and more biotite-rich than the host. They are typically cm-scale and rounded, and they can be difficult 

to distinguish from small patches of weathered microgranite. Metre-scale enclaves of fine aphyric granite

were recorded at two locations in the area underlain by the coarse, phyric ‘Glen Avon Granite’ (eg at 

[N J 0880 0673]). The significance of these is unclear; they certainly appear to be older than the ‘Glen

Avon Granite’ host, but they are some distance from other exposed examples of fine aphyric granite. Though

both examples consist of fine granite, the grainsize is somewhat variable and it is certainly possible that they

represent granite that crystallized close to the pluton margin then detached (along with numerous fragments

of country rock now observed as xenoliths) when the coarse phyric granite was emplaced.

6.4 Discussion: magma histor y of the Cairngorm Granite

6.4.1 One pluton or two?

The most distinctive part of the Cairngorm Granite is an area of strongly phyric coarse granite that underlies

poorly exposed low ground straddling Glen Avon. In this area, both the degree to which phenocrysts are

developed and the grainsize of the rock are extreme compared to the pluton as a whole. A separate smaller

area close to the northeastern margin of the pluton has similar, though slightly less extreme, characteristics.

No sharp contacts were encountered with the surrounding phyric, medium granite.

Harrison (1987) referred to the larger area of coarse granite as ‘Glen Avon Granite’ and suggested it may

be unrelated genetically to the rest of the Cairngorm pluton; ie Harrison envisaged it as a separate intrusion.

Our field evidence does not support this view. Though the coarser granite is distinctive texturally and in its

coarseness, it is essentially the same, compositionally, as the surrounding phyric, medium granite. Thus we

interpret the ‘Glen Avon Granite’ to be part of the Cairngorm pluton that exhibits relatively extreme textural

characteristics, rather than being a separate pluton. This conclusion is supported by geochemical analyses

of rock samples (not reported here), which suggest the ‘Glen Avon Granite’ is related to, but less compositionally

evolved than, the rest of the Cairngorm Granite.
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The ‘Glen Avon Granite’ is distinctive in two other ways: it contains a large number of xenoliths, and it

appears to be devoid of quartz veins. Whether or not the ‘Glen Avon Granite’ is a separate pluton, the

presence of large numbers of xenoliths is not readily explained. Though difficult to test or prove, several

explanations for the xenoliths can be invoked. They include:

● Contrasting yield strength between the ‘Glen Avon Granite’ magma and the rest of the Cairngorm

Granite magma. In this scenario, xenoliths descending from the roof of the pluton were trapped in 

‘Glen Avon Granite’ magma because the concentration of large potassium-feldspar crystals, or some

other feature, increased its yield strength. Elsewhere, they descended through the magma to levels below

the presently exposed surface.

● Local proximity to a highly irregular pluton roof. In this scenario, xenoliths would have been common in

a thin zone adjacent to the roof of the pluton. The presently exposed surface through the ‘Glen Avon

Granite’ lies within the xenolith-rich domain, whereas most of the rest of the exposed pluton surface lies

below it. This scenario requires major irregularities in the shape of the pluton roof.

● Locally enhanced xenolith production. In this scenario, xenoliths are separated from the pluton 

roof above the ‘Glen Avon Granite’ in much greater abundance than elsewhere. This may reflect 

local mechanical weakness in the wall rock, or it may result from some physical property of the 

‘Glen Avon Granite’ magma (such as higher viscosity) that allows it to detach wallrock fragments more

easily.

Although the apparent absence of quartz veins and associated hydrothermal alteration in the ‘Glen Avon

Granite’ may be due to generally poor exposure, their absence from outcrops in the Glen Avon area may

reflect a genuine absence from this part of the pluton. The area around Glen Avon is low-lying with respect

to most of the pluton. It may therefore represent a relatively deep part of the emplacement chamber. The bulk

of hydrothermal veining may have been at a higher level in the chamber than that presently exposed through

the ‘Glen Avon Granite’. Quartz veins were not recorded in a much wider area of the pluton around the

‘Glen Avon Granite’ (Figure 15). This includes some high ground underlain by granite that would have been

closer to the pluton roof, so there may be a general absence of quartz veining and associated hydrothermal

alteration throughout this area.

6.4.2 Sequence of magma emplacement

Despite the abundance of new lithological data, the intrusion history of the Cairngorm magma is not easy

to deduce. Although the coarse, medium and fine granite all clearly preceded the microgranite sheets and

patches, other age relations are not readily determined. No contacts between the coarse granite and finer

variants (other than microgranite) were observed. Contacts between medium and fine granite were observed

very rarely, but chilled margins that can be used to determine age relationships are not developed. The rarity

of observed contacts and the lack of chilling suggest the bulk of the pluton was emplaced more or less

contemporaneously (or continuously), rather than in discrete stages.
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The ‘Glen Avon Granite’ is the only major occurrence of rock that is both strongly phyric and coarse grained;
it is the only example of coincidence in the spatial distribution of the two principal rock attributes, grainsize
and texture in the Cairngorms. Elsewhere, there is no coincidence between the inferred boundaries
separating aphyric and phyric granite and those inferred between fine and medium granite. Field and
petrographic evidence strongly suggests a magmatic origin for the phenocrysts4, but that implies there should
be a closer correlation between variations in texture and grainsize. Consideration of the inter-relationship
between grainsize and texture may provide an explanation. Whether a magma crystallises to be phyric or
aphyric depends on two things:

(i) whether phenocrysts develop in the magma; and

(ii) the grainsize of the rock that crystallises from the magma.

Only when the overall grainsize is significantly smaller than the magma phenocrysts would a rock be
described as phyric. Thus, fine granite containing 1cm-long crystals of potassium-feldspar would be
described as phyric, whereas medium granite containing 1cm-long crystals of potassium-feldspar may be
described as aphyric. The generally poor spatial coincidence between the main texture and grainsize
variants in the Cairngorm Granite may therefore reflect in part the fact that magmatic phenocrysts become
less discernible in coarser rock.

In producing a tentative model for emplacement of the Cairngorm Granite, the following observations 
are made:

● the distribution of aphyric granite (Figure 11) suggests it may originally have been a coherent body that
was intruded and ‘split’ by the phyric granite; aphyric granite may therefore pre-date phyric granite;

● most of the fine granite forms a broad swathe through the central part of the pluton, with broadly convex-
outward margins, in areas where the boundary is well constrained. These features are consistent with
the fine granite being younger than the medium granite, though they do not prove this conclusively. Finer
grainsize relative to the medium granite may be due to one or more of several factors, including
emplacement at a later (cooler) stage of pluton development, a smaller volume, or a greater concentration
of dissolved fluid in the magma, all of which would promote faster nucleation and smaller grainsize.

Taking all the evidence into account, magma emplacement and pluton growth can be modelled tentatively
in terms of four stages, during which successive batches of magma were emplaced and solidified to form:

(i) aphyric medium granite;

(ii) phyric medium granite;

(iii) phyric fine granite (and small areas of aphyric fine granite);

(iv) microgranite sheets and patches.

4 In some circumstances, phenocrysts of potassium-feldspar can grow in solidified granite and other igneous rocks through
diffusion of potassium and other elements, a process known as metasomatism.
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These ‘stages’ may have been part of a single, broadly continuous episode of magma emplacement, during
which magma was tapped from an evolving chamber, or from different levels/parts of a chamber, or a
combination of these. Two scenarios are envisaged for magma that solidified to form the strongly phyric
coarse granite:

(i) it may represent the culmination of a general coarsening and increase in phyric character that occurs
towards the north-east part of the pluton, in which case it is probably contemporaneous with, or slightly
younger than, the phyric medium granite that encloses it;

(ii) if the magma chamber is stratified vertically, it may represent a body of magma not exposed elsewhere
but revealed in the Glen Avon area because of its topographically low setting, possibly combined with
localised upwelling of the body at this point.

6.4.3 Form of emplaced magma units

Field data capture was undertaken along pre-planned traverses across the massif in a manner optimised to
meet the overall project objectives. However, this approach precluded detailed mapping of any lithological
contacts (sharp or gradational) in the granite. Thus, there is little field evidence for the form in which the main
magma units were emplaced, particularly with regard to the aphyric and phyric medium granite. In the
absence of evidence to the contrary, it is assumed they were emplaced as large, discrete masses. There is
more evidence for the form of magma units interpreted to have been emplaced later. The large mass of fine
granite in the central part of the Central domain crops out over much of the central high plateaux of the
Cairngorm massif, including the high peaks of Braeriach [NN 952 998], Cairn Toul [NN 963 972] and
Ben Macdui [NN 989 990]. Exposure on lower slopes is either poor or confined largely to inaccessible
cliffs, but medium granite was recorded at many stations on the flanks of these plateaux, suggesting the
granite may be crudely ‘stratified’ in terms of grainsize. This is supported by a few locations in which good
spatial relations between fine granite and medium granite can be observed. The best of these is on the
slopes between The Angels Peak [NN 954 977] and Cairn Toul. Here, medium granite overlies fine
granite, the two being separated by a gently inclined boundary along which there is a layer of texturally
and mineralogically heterogeneous granite up to 10m thick. This layer is typically rich in biotite and
pegmatite, indicating substantial fluid enrichment. In the Northern Corries area fine granite forms the plateau
edge and upper parts of the cliffs, with medium granite at the base of the cliffs and on slopes to the north.

Most of the main microgranite bodies take the form of sheets. Harrison (1987) noted that the large mass of
microgranite that underlies much of the central part of the Western domain (his ‘Carn Bàn Mór Granite’) has
a vertical unchilled contact with the ‘main’ granite in the cliffs below Sgòr Gaoith [NN 901 989] on the
west side of Gleann Einich. This entire mass may therefore take the form of a large, north trending, steeply
inclined or sub-vertical sheet aligned along the long NNE axis of the Western domain. A smaller area of
microgranite to the north (the ‘granite porphyry’ of Harrison, 1987) may be a continuation of the main
microgranite mass in this area.

Large, gently inclined sheets of microgranite are also a feature of the cliffs and plateaux around the head
of Loch Avon. Thus, much of the apparently younger magma (fine granite and microgranite) appears to have
been emplaced in the Central domain of the pluton in the form of generally gently inclined, sheet-like bodies.

The rarity of sharp contacts with chilled margins between magma units suggest that the great majority of magma
emplacement occurred within a geologically short interval while the pluton as a whole was hot and not
solidified. A degree of mixing (amalgamation of two magmas to form a compositionally intermediate magma)
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or mingling (amalgamation of two magmas without mixing) during ascent and/or emplacement could
account for the diffuse or gradational boundaries between areas of contrasting grainsize and/or texture that
typify much of the Cairngorm Granite. 

6.5 Summar y of the magma and hydrothermal histor y

The following summary is based on our interpreted field observations and published studies:

● Magma generation was initiated around 427 million years ago during the later stages of the
Caledonian Orogeny. Melting probably began in the upper mantle or lower crust, between 20 and
40km below Earth’s surface.

● Initially primitive magma would have been modified compositionally by quantities of assimilated wallrock
and by gravitational separation of crystals as the magma rose through the crust. These processes would
have caused the body of magma to increase in volume and to evolve towards granite composition.

● It is not known whether the ‘frozen’ magma chamber represented by the presently exposed granite
continues to significantly deeper levels, or whether it is a relatively thin structure perhaps connected by
‘feeder channels’ to a deeper chamber. In either scenario, rising magma would have mixed, partly
crystallized and may have formed texturally discrete units prior to final emplacement. The presently
exposed surface through the pluton was approximately 6–8km below Earth’s surface when it solidified.

● Emplaced magma solidified to form several grainsize and texture variants. The sequence of emplacement
is interpreted tentatively to have been: aphyric medium granite; phyric medium granite; (strongly phyric
coarse granite); phyric fine granite (with small areas of aphyric fine granite); microgranite.

● Magma units interpreted to have been emplaced early in the sequence – aphyric and phyric medium
granite – probably take the form of large, irregular masses. Much of the fine granite may take the form
of a large gently inclined sheet, or perhaps a steeply inclined sheet that spreads laterally at the present
level of the high plateaux. Patches and sheets of microgranite are widespread and take many forms,
with extensive gently dipping sheets being prominent in the Central domain.

● The magma may have incorporated numerous xenoliths during its ascent and emplacement. If so, the
great majority of these probably descended to levels below the presently exposed surface. Magma that
solidified to form the strongly phyric coarse granite in Glen Avon may have trapped many descending
xenoliths because of a greater yield strength.

6.6 Links between li thology and landscape in the Cairngorm massif

The following conclusions are reached from a comparison of the size, distribution and orientation (where
appropriate) of the lithological features described in this section and the principal landscape features of the
Cairngorm massif:

● Boundaries between the main grainsize and texture variants in the Cairngorm Granite are frequently
discordant to the ancient erosion surfaces (ie the upland plateaux) and to the principal linear landscape
features (ie the troughs and fluvial valleys). No robust spatial and/or genetic relationship is apparent
therefore between lithological character and the main landscape features.
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● The restriction of strongly phyric coarse granite (‘Glen Avon granite’) to a large area of
uncharacteristically low and topographically subdued ground in the northeast part of the pluton may
point to a local genetic relationship between lithology and landscape. Though the strongly phyric coarse
granite presently underlies the central part of a much larger area of low ground, it may have been more
extensive laterally at a higher (now eroded) level in the pluton. Some aspect of its lithological character
(perhaps coarser grainsize or the development of a network of microfractures instead of widely-spaced
joints) may have rendered this lithology more susceptible to weathering and/or erosion, leading to a
rapid rate of denudation relative to other parts of the pluton. There is presently insufficient evidence to
test this hypothesis critically.

● A crude spatial association between strongly coloured granite and large landscape features such as
troughs and corries points to a genetic relationship between the action of, and the pathways used by,
hydrothermal fluid, and the development of many landscape features.

● The great majority of tors crop out in parts of the massif that are underlain by phyric medium granite.
This may be coincidental, but it might reflect a propensity for sparsely jointed domains suited to tor
formation to develop in rock of this type.
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7 STRUCTURAL GEOLOGY OF THE CAIRNGORM MOUNTAINS

7.1 Introduction

In this section, we discuss the structural geology of the Cairngorm Mountains, with specific reference to the
Cairngorm Granite, and examine the extent to which the Cairngorms mountain landscape is linked to the
internal structure of the granite.

We have studied the structure at three main scales. Satellite imagery was used to examine linear landscape
features at the scale of tens of kilometres. Stereo air photograph imagery was used to capture fracture and
lineament data at the scale of tens to hundreds of metres. Also captured at a similar scale are data for the
orientation of cols and prominent ‘nicks’ in ridges, since these are likely to be underlain by linear zones of
weak rock that have been exploited by weathering and erosion. Finally, structural data were captured at the
outcrop scale (up to a few tens of metres). Data captured at these three scales were studied in turn to
determine dominant trends, if any. The various data were then compared in order to elucidate the possible
links between structure at the metre scale and the large-scale landscape features. In this way, we have sought
to establish not only the extent to which the Cairngorms landscape and the geological structure of the granite
are linked, but also to understand more of the origin and development of the landscape.

The various types of feature collected across the range of scales are listed in Table 4, together with their
frequency of occurrence in the dataset. Some features are very rare, most notably faults. The virtual absence
of recorded faults in the Cairngorms massif is perhaps surprising, given that they can have a major influence
on topography and might have been considered a priori to be an important control on the landscape.

7.2 Methods of data acquisit ion and analysis

7.2.1 Data acquisit ion

A range of methods has been used to acquire lineament, fracture and structural data, dependent essentially
on the scales outlined above. Lineament data were digitised as single line elements from geo-referenced
satellite and air photograph imagery via various GIS/CAD hardware and software. The circular orientation
of individual line elements was calculated by simple trigonometry, using the BNG coordinates of the ends
of each line. Digitisation was done in 2-d, as if the features were projected vertically upwards onto a flat
surface sitting above the imagery.

Orientation data for structural features in outcrops were captured using a compass clinometer and
conventional geological surveying techniques (Section 5). Where possible the strike and dip of planar surfaces
were measured using the right-hand rule convention. Measurement of strike in this manner permits the orientation
of dip direction to be inferred from rose diagrams and stereographic projection diagrams. Where the strike
and dip could not be measured, the trend of a linear feature was simply measured in the range 0–179°.

7.2.2 Data analysis

Data measured simply as linear trends are summarised on semicircular histogram or ‘rose’ diagrams
displaying bearings from 0–179°. The rose ‘petal’ sectors have an angular width of 10°. The area of each
sector, and thus its radial length, is proportional to the frequency percent of measurements falling in that 
10° class. Frequency percentage reference semicircles are drawn at 1, 5 and 10%. The rose diagrams
were created using the Microsoft EXCEL spreadsheet programme EZ-ROSE (Baas 2000).
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Table 4 Types of structure recorded during the fieldwork and their frequency of occurrence.
See text for discussion.

Structure type Code Record count

Aplopegmatite sheet APL 21

Microgranite patches/pods showing elongation or preferred orientation APP 2

Microgranite vein or sheet APV 64

Hydrothermal alteration zone AZ 7

Fracture from air photograph F 518

Fracture cleavage FC 1

Fault FX 1

Fracture zone FZ 8

Generalised fracture GF 99

Generalised lineament GL 121

Granite vein GVN 1

Joint J 1737

Joint (1 – n indicates generation where known) Jn 15

Lineament from air photograph L 325

Microfractures MFR 2

Pre-full crystallisation fabric PFC 61

Pegmatite vein or sheet PGV 13

Trail of quartz vein material QTZ 6

Quartz vein QV 89

Bedding in metasediment S0 2

Igneous layering SIG 3

Sheet joint SJ 11

Xenolith(s), direction of elongation and/or alignment XEN 1

Note: aplopegmatite is generally not distinguished from pegmatite elsewhere.

Planar (dip and strike) data can also be displayed on rose diagrams, yielding implicit information on
dominant directions of dip. However, such data are more conveniently displayed in stereographic projection
diagrams. The points on these diagrams represent the intersections of poles, drawn normal to each planar
datum, with a lower hemisphere; each intersection uniquely defines the orientation of a plane. The diagrams
can be contoured to highlight the density of preferred orientations. Examples of these diagrams are given in
Section 7.5. The diagrams for this study were created using StereoNett, a freeware program by J. Duyster,
Ruhr University, Bochum, Germany.

Although EZ-ROSE provides for statistical analysis of orientation data, such analysis is generally
inappropriate for the data in this report. As will be seen, all the data are polymodal to a greater or lesser
extent and it is clear from inspection of the rose diagrams that distributions are non-uniform, ie there are
preferred orientations. For the purposes of this report, interpretations based on graphical comparison alone
are sufficient.
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7.3 Satell i te imager y l ineament data

The orientation of the major landscape-scale linear features (the glens and straths) that dominate the
Cairngorms landscape were captured from satellite imagery using ArcGIS (Figure 18). Care was taken not
to over-interpret linear features in the imagery and only readily identifiable features were digitised. The rose
diagram in the figure summarises the trends of the lineaments, revealing a dominantly northeasterly
orientation. Minor, but significant modes also occur towards the ENE, ESE, SE and near due S.

Figure 18 shows that the northern straths and glens have the predominantly NNE–NE orientation, similar 
to the eastern and western margins of the Cairngorm Granite. Lairig Ghru and its southern continuation into
upper Glen Dee is an exception. This breach through the massif is, in terms of its orientation, a composite
feature. It has a N–S orientated central section around the Pools of Dee, with northern and southern
extensions (Allt Druigh and Glen Dee, respectively) that have SE or SSE orientations. 

The main linear landscape features in the southern part of the Cairngorms have a SSE orientation,
particularly between Glen Dee and the Dubh Ghleann – Glen Quoich area. Glen Eidart is not underlain by
the Cairngorm Granite and is rather different topographically from the main Cairngorm glens. However, we
note that it has a SSE orientation similar to the other major southern Cairngorm glens.

The satellite data show that the major landscape lineaments in the Cairngorms have a grossly arcuate,
concave-eastwards pattern in the western part of the massif where the Cairngorm Granite has its greatest
N–S extent (Figure 18). To the east of Glen Derry – Lairig an Laoigh, the landscape lineaments have a
predominantly NE orientation.

Another feature of the satellite-scale lineaments is that their spacing is apparently quite regular. The distances
between Gleann Einich, Lairig Ghru and Glen Derry – Lairig an Laoigh are much the same at ~5.5km. 
Glen Luibeg lies approximately halfway between Glen Dee and Glen Derry, and the N–S trending section
of upper Glen Geusachan is approximately halfway between Glen Dee and Glen Eidart. Strath Nethy is an
exception, being relatively closer to Lairig an Laoigh. These gross patterns of consistency in orientation and
spacing of the major Cairngorms landscape features suggest an underlying, first-order structural control
within the granite intrusion.

7.4 Air photograph lineament data

Preliminary investigation of lineament data in the air photograph images led us to identify four types 
of lineament: discrete fractures, discrete lineaments, generalised fractures and generalised lineaments 
(Figure 19).

‘Discrete fractures’ are recognisable fractures (ie joints or faults) and are typically observed at the lips of
corries, in areas of exposed granite pavement and in large tors. ‘Lineaments’ are linear features whose
nature and origin are unclear from the air photographs, eg straight sections in streams. The ‘generalised
fractures’ and ‘generalised lineaments’ represent groups of parallel linear features that together form
significant lineaments in the image, but would otherwise be too small to capture individually.
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1063 feature trends were captured from the air photographs (Figure 19), of which 528 were classified as
fractures, 325 as lineaments, 121 as generalised fractures and 99 as generalised lineaments. The data are
concentrated in the central part of the Cairngorm Granite, partly reflecting the concentration of sampling,
but also the fact that the abundance of classifiable linear features drops towards the north and south, away
from the higher, more mountainous areas. Lines representing linear features in Figure 19 reflect the length of
the linear features observed in the air photographs; many data will appear as spots at the scale of the figure.
This is particularly true of the fracture data, since many of these are short features on the edges of corries
and on tors.

The range and frequency of orientation of the linear features on the air photographs is summarised in the
inset rose diagram in Figure 19. This clearly shows preferred orientations to the NE and ESE. To provide
more detail, the different categories of air photograph lineament data are summarised as rose diagrams of
trend in Figure 20. The figure reveals polymodal trends common to all the classes of air photograph data,
although the modes have different relative strengths in each dataset.

The dominant trend of the fracture data (Figure 20A) is ESE, with a strong secondary mode towards NNE.
Minor modes occur to the extreme SSE and to the ENE. The generalised fracture data (Figure 20B) have the
same strong ESE mode, with a range of minor modes to the NE and SE. The lineament data (Figure 20C)
are dominated by almost equal modes of NNE and ESE data, with significant minor modes to the ENE and
SSE. The generalised lineament data (Figure 20D) have modes of orientation broadly the same as those for
the generalised fracture data, dominated by ESE and NE–ENE orientations. The dominant ESE orientation
is common and strong in all the classes of air photograph data. Northeasterly orientations are also common,
though there is variability from NNE–ENE across the classes. The fracture and lineament data share the
prominent NNE mode, whilst the generalised data have a similar but wider spread of NE orientations.
Comparison with the rose diagram in Figure 18 shows that the air photograph and landscape lineament
data share the same common modes and that the NNE–NE and ESE orientations are dominant in both.

7.5 Orientation data for cols and breaks of slope

During fieldwork it was observed that geological features (usually alteration zones) that will weaken granite
bedrock commonly underlie prominent cols and marked breaks in slope. Based on the premise that most
similar topographic features in the massif overlie zones of weakened rock and enhanced weathering, a set
of orientation data (n = 136) for such features was collected for the massif, including those lying in
unexposed lower ground and areas not visited during fieldwork, using OS topographic 1:25,000 maps.
The disposition of map contours allows the orientation of cols and breaks in slope to be determined with
reasonable accuracy, particularly in the many cases where contours ‘neck’ towards a col from either side. 

The spatial distribution and trends of individual measured features are illustrated in Figure 21, along with the
trend distribution, summarised in the inset rose diagram. The figure shows some local variations in the mode
of preferred orientation. In the west of the Cairngorms (the Feshie hills), there is a strong NE trend to
topographic depressions. In contrast, ENE orientations are much more abundant in the eastern Cairngorms
over Ben Avon. In the central Cairngorms, there are a range of orientations and no one mode appears to
dominate. NNE and SSE orientations are common in southern parts of the massif.

The rose diagram reflects the range in orientations and there is no very strongly preferred orientation overall.
However, although rather weak, the modes that are present are commonly observed in other structural data
sets. The dominant trends are those to NNE/NE and to SSE, with lesser modes to ENE and SSE.
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Figure 20 Rose diagrams for fracture and lineament data captured from air photographs. 
The radial scale is circular frequency percent at 1, 5 and 10%. See text for discussion.

A) Fractures; n = 518

C) Lineaments; n = 325

B) Generalised fractures; n = 99

D) Generalised lineaments; n = 121
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7.6 Outcrop structural data

Structural data collected at outcrops include measurements of lithological discontinuities in the granite that
may have preferred orientations and may affect the response of the granite to weathering and erosion. Thus,
the outcrop data include measurements of the orientation of microgranite and pegmatite sheets, and quartz
veins (Table 4).

By far the most common structural features measured at outcrops are joints (n = 1765); other types of
measured feature have frequencies of less than 100. Of these, quartz veins and quartz vein debris trails 
are relatively common (n = 95), microgranite sheets slightly less so (n = 64), and pegmatite sheets less 
again (n = 34). Pre-full crystallisation fabrics (n = 61) are likely to have little influence on the weathering
susceptibility of the granite.

7.6.1 Joints

As discussed in Section 5 on the fieldwork programme, the joints studied in this survey are the generally
steep, “primary”, systematic joints related to the cooling of the granite, rather than the generally shallow and
surface-parallel sheet joints that formed much later and have a different origin (eg Glasser, 1997). In addition
to their predominantly steep dips, the morphology of “primary” joints is such that they are readily distinguishable
from sheet joints (Plate 5). The former generally have smooth, planar to weakly curvi-planar surfaces,
whereas sheet joints are rougher and uneven, generally passing down into an incipient, centimetre-spaced
fabric that has much in common with discontinuous fracture cleavages observed in coarse metasedimentary rocks.

Following Ramsay and Huber (1987, p. 646), primary joints can be divided into two types: “systematic”
joints are regular, planar and parallel, while “non-systematic” joints are curvi-planar and non-parallel. In this
study, measurements and observations come from systematic joint sets.

Joints vary in the number of sets that may be observed in any one outcrop, and in their frequency in outcrop.
Joint spacing varies widely, from centimetre to metre scale, but spacings from a few tens of centimetres to
about a metre are most common. Corrie headwalls and rims are commonly heavily jointed, whereas
buttresses and tors are often less strongly jointed.

For the purposes of this study, and because of the volume of data, we have examined the joint data largely
in an integrated way across the Cairngorms, looking for general patterns that may relate to the large scale
landscape features, rather than detailed local variations. Study of the latter is outwith the scope of the
project, though the data would be of value in any study of structural control on more local, smaller-scale
landscape features.

The locations at which dip and strike measurements of joints were made are displayed geographically in
Figure 22. The density and distribution of the locations reflects, by and large, variations in the amount of
exposed ground and logistical considerations, as discussed in Section 5. Thus, corrie bases and rims tend
to have relatively large numbers of data, whereas some of the plateaux have rather less.

Because joint orientations were measured as strike and dip, using the right-hand rule, the strike effectively
has a ‘direction’. This means that the joint data can be treated as whole-circle orientations on a rose diagram,
rather than simple trends, which are treated on the basis of a half circle. Treating the strike and dip data in
this way helps reveal preferred dip directions. Rose diagrams of joint orientations in the arbitrary western,
central and eastern sectors of the Cairngorm Granite intrusion are given as insets in Figure 22. The rose
diagram for the full data set is shown in Figure 23A.
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The dominance of strike orientations in the NE and SE quadrants shows that joints with dips towards the SE
and SW quadrants predominate across the Cairngorms. Joint dips towards the NE quadrant are
subordinate, but more common overall than dips towards the NW quadrant; the latter become more
common eastwards, as shown by the rose diagrams in Figure 22.

Figure 23B shows the dominance of steep to very steep dips in the joints measured in the survey and reveals
that the progression from shallow to steep dips is smooth, lacking minor modes, and is exponential.

Stereographic projection of the joint data, as poles normal to the joint surfaces, reveals more information
about the joint orientation. Figure 24A shows the raw ‘pole-to-plane data’; the predominance of steep dips
is emphasised by the increasing frequency of points towards the edge of the hemisphere. Figure 24B shows
the data in frequency-contoured form, the darker contours indicating progressively greater frequency. 
The relatively even distribution of the raw data and the contours around the hemisphere reflects relatively
uniform distribution of joint orientations. However, the contoured diagram shows that joints that dip to the
SSE–SW and NNW–ENE generally have steeper dips than joints that dip to the WNW/NW or ESE/SE;
these latter dip directions are associated with somewhat more variable dip, leading to wider spread in 
the contours.

7.6.2 Microgranite sheets

Microgranite commonly occurs as sheets in the Cairngorm Granite (see also Section 6). As microgranite is
finer-grained than its host, it represents a lithological contrast and, therefore, may also represent a physical
discontinuity, particularly at its contacts with the host rock. This lithological contrast, coupled with the
grainsize contrast across contacts could be exploited by weathering processes, thereby weakening the rock
mass and resulting in preferential erosion. The 3-d orientation of microgranite sheets was recorded across
the Cairngorms (Figure 25). Of the 74 sheets encountered, dip and strike measurements were obtained for
63; trend only was recorded for the remainder. The sheets appear to be concentrated in three main areas:
in the east, over Ben Avon; in the north central area around Cairngorm [N J 005 040] to Bynack More 
[N J 040 060]; and in a belt in the south central area, between the Cairn Toul/Devil’s Point massif 
and lower Glen Derry. A smaller concentration of sheets occurs to the west of Gleann Einich, around 
Creag Dubh.

The microgranite sheets display wide variation in orientation (Figures 26 and 27). Strikes to N/S and E/W
are prominent, as are strikes to SE/NW, although NE/SW strikes and ENE/WSW and ESE/WNW strikes
are also common. Dips fall into two main modes between 30–50° and >60°, and there is a very small
number of near horizontal sheets. In some outcrops, microgranite sheets bifurcate (Plate 6).

Figure 27 shows the microgranite sheet data in stereographic projection, as poles to planes. The S-striking
sheets have rather shallow dips to the W, whilst those striking N generally have much steeper dips. Similarly
most E-striking sheets have shallow dips to the S. The less-common W-striking sheets, and some of those
striking E have near vertical dips. NW-striking sheets have relatively steep dips to the NE, whilst SW-striking
sheets have similar dips to the SE.
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Microgranite sheets display some degree of preferred orientation in each area where they cluster. In the
Cairngorm area the sheets strike dominantly ENE or ESE, with just two S-striking sheets. Over the Ben Avon
massif SE/SSE or NW/NNW strikes dominate, though a few strike N/S and SW/NE. In the south central
area, between Glen Dee and Glen Derry, NW and SE strikes dominate and N and S striking sheets are
quite common; sheets with strikes close to E and W are rather less common. Three of the sheets recorded
around Creag Dubh have strikes to the SW and ENE, trends very similar to those determined in the data set
recording the orientation of cols and nicks in the western Cairngorms (Figure 21).

7.6.3 Pegmatite sheets

Discrete sheets of pegmatite with measurable orientations are not common in the Cairngorm Granite; patchy
pegmatite is encountered more frequently (Figure 28 and Section 6). Orientated sheets trend dominantly 
to N–NE or S–SSE; only two have ESE trends (Figure 29A). Dips show a bimodal distribution, with the
subordinate mode between 30–50° and the dominant mode between 60–90°. Although the data set 
for pegmatite orientations is small (n = 12), the modal distribution of the dip is notably similar to that for
microgranite sheets.

7.6.4 Zones of hydrothermal alteration: quar tz veins and quar tz vein trails 

Quartz veins and linear trails of quartz vein debris are found throughout the Cairngorm massif (Figure 30),
occurring within zones of hydrothermal alteration (Section 6). The orientation of quartz veins and the alignment
of quartz vein debris trails that are still effectively ‘in situ’ give a very good measure of the orientation of
zones of hydrothermally altered granite.

Quartz veins concentrated along the extreme western margin of the pluton have a consistent NNE strike and
ESE dip, similar to microgranite sheets (Figure 25) and a single pegmatite sheet in the north of the area
(Figure 28). In the eastern Cairngorms around Ben Avon, moderately abundant quartz veins have dominantly
N–NE strikes/trends, with dominantly SE dips where dip has been recorded. A subordinate set of veins
have ~NW or ~SE strikes, with dips to NE and SW respectively. As in the extreme west, the quartz veins
occur in an area in which microgranite sheets are encountered frequently. However, in the east there is rather
less direct correspondence between the orientations of these features. Quartz veins occur widely across the
central part of the Cairngorms massif. In much of this area they are distributed relatively sparsely, although
a marked concentration occurs in a nearly linear swath from Ben Macdui to the northern margin of the
granite north of Cairngorm (Figure 30). Quartz veins in the linear belt have dominantly N–NE strikes, with
dips largely to ESE–SE. Elsewhere in the Cairngorm – Ben Macdui area, strikes are dominantly to N–NNE.
In other parts of the central area strike is more variable; strikes to NNW, NE, SW, ENE and WSW occur
in addition to the dominant N–NNE strikes, those to the NNW being relatively common. Quartz veins
generally display a more consistent orientation in any one area than do microgranite sheets, probably
reflecting differences in the rheological and stress condition of the granite when these features formed.

Of all the structural features measured in this study, the quartz veins have the strongest preferred orientation
(Figures 31 and 32). The degree of preferred orientation and the lack of significant polymodality are such
that strike orientations for the quartz veins can be described by a Von Mises distribution. The confidence
interval, C, in Figure 31A, indicates that quartz vein orientations lie within ~13° of the mean orientation 
(M: 30.8°) at the 95% confidence level. Orientations in other directions are very subordinate.

As with sheets of microgranite and pegmatite, quartz veins display a bimodal dip distribution, dominated
by dips in excess of 70° (Figure 31B).
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Figure 23 A) Showing the preferred orientation of all joint data by strike; the rose diagram shows
that SE and SW dip directions predominate, whereas NW dips are the least common. 
The radial scale is circular frequency percent at 1, 5 and 10%. B) The histogram shows
the dominance of very steeply dipping joints and the smooth variation from rare,
shallow dips to the progressively more abundant steep dips.
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Figure 24 A) Stereographic projection of poles to joint planes for all Cairngorms joint data (n = 1733).
B) Contours of poles-to-planes joint data. See text for discussion.

A)

B)

N

N

Equal area projection, lower hemisphere; n = 1733

n = 1733

Contours at:
0.20, 0.40, 0.60, 0.80,
1.00, 1.20, 1.40, 1.60,
1.80, 2.00, 2.20, 2.40.
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Figure 26 A) Rose diagram of strike for microgranite sheets. The radial scale is circular frequency
percent at 1, 5 and 10%. B) Variation of microgranite sheet dip. See text for discussion.
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Figure 27 Stereographic projections of microgranite sheet data from the Cairngorm Granite.
A) Raw poles-to-planes. B) Poles-to-planes data contoured.
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Figure 29 A) Rose diagram of strike of pegmatites. The radial scale is circular frequency percent
at 1, 5 and 10%. B) Range in dip of pegmatite sheets, where dip recorded. See text for
discussion.
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Stereographic projection of the poles to quartz vein planes further emphasises their strong preferred orientation
(Figure 32A and B). Contoured data show that quartz veins with strikes just east of north have the steepest dips,
whilst those with strikes more to the NE commonly have shallower dips (Figure 32B). Although dips are dominantly
to the ESE–SE, some quartz veins dip steeply to the WNW and NW (and thus have SSW–SW strikes).

There is a clear correspondence between the strong preferred orientation of the quartz veins (Figure 31A)
and the major linear landscape features (Figure 18; inset rose diagram).

7.7 Discussion and interpretation

In this section, we consider how the various structural feature data can be interpreted with regard to the link
between landscape and structure in the Cairngorm Mountains. The sizes of the various datasets range over
two orders of magnitude, so that comparison and interpretation of the data must allow for the relative sample
sizes and the possibility of bias and censoring (see Section 5). Furthermore, there is a temporal dimension
to be considered. The incipient precursors to the joints now seen in outcrop will have formed throughout the
cooling history of the granite, but it is important to understand that the joints themselves will have only
opened up following uplift and erosion that allowed strains stored in the rocks to be released. Indeed, at
depth within the granite today, it is likely that the granite will appear unjointed. With regard to the
microgranite sheets, pegmatites and quartz veins (elements we can term “litho-structural”), these are almost
certainly not coeval and the patterns of orientation of these features will be a function of the structural and
rheological state of the granite at the time of their emplacement.

Orientations of the main structural elements of the Cairngorm Granite are summarised in rose diagrams 
in Figure 33. For brevity, reference to each rose diagram in the figure will be made using the letters A–F.
Landscape features and aerial photograph lineaments are shown as trends (0–179°), since they are simply
linear features. As the orientation data for the other ‘litho-structural’ elements represent strikes of planes, they
are represented on the full circle. As discussed earlier, strikes are 90° anticlockwise of the direction of dip
of the plane whose orientation they record. Thus, a plane that strikes NE has a dip to the SE.

The dominant NE trend in the landscape features (A) is observed to varying degrees in all the other data
sets, though there are some differences when the data are compared in detail. Other prominent trend modes
are to the ESE and SE.

In the aerial photograph data (B), the dominant orientation is to ESE–SE. Whilst it is clear that this orientation
is also significant in the landscape features (A), it is less so in the other data sets (C–F). The dominance of
this orientation in the air photograph data is possibly due partly to the fact that the southerly sun position at
the time the images were captured will have enhanced the visibility of features in this orientation relative to
those orientated NNE or SSE, thus biasing the data set. Nevertheless, it is clear that the air photograph data
have much in common with the landscape features data.

The quartz vein and debris trail data (C) are dominated by the NE striking set, with minor modes in other
directions. Notably, the SE mode seen in other data sets is less clearly represented. The dominant orientation
of the quartz veins and trails is essentially the same as the dominant landscape feature trend.

The microgranite sheet data (D) show much wider variation in orientation, with a number of minor modes;
orientations common to other data sets are readily discerned. Similarly, although the data set is small 
(n = 13), the strikes of pegmatites (E) have essentially the same orientations observed in the other data sets,
in this case dominated by NNE–NE and S–SSE trending sets.
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Figure 31 A) Rose diagram of quar tz vein strike data. The radial scale is circular frequency
percent at 1, 5 and 10%. The large sector shows the confidence interval on the mean
orientation at α = 0.05. The length of the sector (mean resultant length) is a measure 
of the degree of preferred orientation. The strike data have a Von Mises distribution. 
B) The bimodal dip of quar tz veins.
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Figure 32 A) Stereographic projection of quar tz vein orientation data (poles-to-planes). B) Poles-
to-planes data contoured. The strong, dominantly steep, ESE dip of the quar tz veins is
clearly revealed. See text for discussion.
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Figure 33 Summary rose diagrams of the trends and strikes of the principal linear and planar structural
elements of the Cairngorm Granite. The radial scale is circular frequency percent at 1, 5 and 10%.

A. Landscape features; n = 49 B. Aerial photograph lineaments; n = 1063

C. Quartz veins and trails; n = 69 D. Microgranite sheets; n = 63

E. Pegmatites; n = 13 F. Joints; n = 1765
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Joint strikes (F) have no markedly dominant orientation, such as that seen in the quartz vein data. However,
higher frequencies occur in orientations in the NE and SE quadrants, with NE and SSE modes. Granite is
essentially isotropic compared, for example, to sedimentary rocks in which layering forms a primary anisotropy
that will influence the response of such rocks to the effects of deformation and relaxation. Joint orientations in
granite are influenced strongly by local and regional stress acting on the solidified granite. The Cairngorm
Granite is not pervasively deformed (ie at the grain-scale). The main source of ‘stress’ in the granite has almost
certainly been release of stored energy due to the decrease in confining pressure as erosion caused the pluton
to rise to progressively shallower levels in the crust, and then to be unroofed. Joints opened near to and at the
surface as a means of dissipating the stored energy. This process will have acted broadly evenly across the
presently exposed granite, so it is unsurprising that joint orientations are common in every direction. However,
the higher frequencies of occurrence of joints with strikes in the NE and SE quadrants, and NE and SSE modes
are clearly consistent with the dominant NE and SE modes seen in the other data.

From the data presented and discussed above, it is clear that structural phenomena in the Cairngorm Mountains
have several common orientations that are reflected in the orientation of landscape features. However, the
strongest correspondence between a structural feature and the landscape features is that displayed by the
quartz veins and trails.

Of all the “litho-structural” data, the quartz veins have the most restricted and coherent orientation pattern (C).
The strongly preferred orientation shown by the quartz veins is in marked contrast to the much wider variation
in joint orientations (F). Given that the quartz veins must have been deposited in pre-existing or coevally
formed open joint/fracture systems that permitted fluid flow, the restricted nature of the orientations indicates
that the joint pathways along which the quartz vein fluids flowed had a very strongly preferred orientation.
The corollary is that joint systems in other orientations were not open to fluid flow or did not exist at the time
the quartz veins were deposited, since quartz veins in orientations other than N–NE and S–SSE are only
rarely recorded. Hence, only certain joint systems were open when hydrothermal activity was at its peak.

Zones of abundant, closely-spaced, ~NNE trending joints crop out in rare exposures on the floors of lower
Glen Luibeg and Lairig Ghru, and at The Sneck. Whereas the great majority of joints encountered in the
Cairngorms are unmineralised, these locations are notable in that a veneer of hematite (iron oxide) frequently
coats the joint surfaces, pointing to the passage of mineralising fluids. Such fracture zones may have acted
in these localities and elsewhere as conduits for hydrothermal fluid. The relative rarity of such occurrences on
the floors of the major glens does not at first sight lend strong support to the argument for a close link between
hydrothermal alteration and landscape evolution in the Cairngorms. However, we believe this to be a
consequence of two factors. Firstly, bias related to exposure: these three occurrences of mineralised fracture
zones are amongst the only occurrences of good exposures on valley floors, as bedrock underlying valley
flanks and floors is commonly obscured by late- and post-glacial debris and vegetation. Secondly, it is likely
that sizeable zones of hydrothermally altered rock developed only in the upper and outer parts of the granite
intrusion; the floors of the major valleys may now be incised below the level in the granite to which substantial
zones of hydrothermal alteration penetrated. The Sneck, which marks the head of Slochd Mor in the eastern
Cairngorms, is the only point encountered in the massif where large alteration zones presently underlie parts
of a major landscape feature. Here, NNE – trending quartz veins in zones of altered granite are common,
and a particularly large one extends along the northwestern slope of Ben Avon above Slochd Mor. The Sneck
lies at an elevation of nearly 1000m, at least 200–300m above the floor of Lairig Ghru and lower Glen Luibeg;
thus, the floor of The Sneck probably still lies above the level to which hydrothermal alteration extends,
whereas the deeper floors of the other major troughs have been incised below this point.
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We believe that zones of hydrothermal alteration in the granite have been the major controlling influence on
the initiation and subsequent development of negative features in the Cairngorms landscape. These zones
of weakened rock became the foci of weathering and enhanced erosion. The basic architecture of the
Cairngorms landscape is, therefore, effectively nearly as old as the granite itself. The basic Cairngorms
landscape is likely to have developed from this architecture as soon as uplift and erosion exposed the
Cairngorm Granite during the Devonian Period. The intriguing corollary of this is that the valleys we see now
probably began as normal fluvial or even wadi-like valleys, depending on climatic conditions, some time
around 380 million years ago, and have been evolving ever since. 

Veins of hydrothermal quartz (+/-other minerals) with a N- to NE-trend cut other plutons in the NE Grampians,
notably Monadhliath, Mt Battock and Bennachie. Elsewhere, and notably in the SW part of the Grampians
(Argyll), large numbers of dykes that are broadly coeval with Cairngorm-type magmatism and the
hydrothermal activity, have a pronounced trend to north-east. The association of broadly coeval magmatic
(dykes), hydrothermal (veins) and tectonic (faults) features displaying a common trend across much of the
Grampian Block demonstrates that the features that we propose to be largely responsible for development
of the Cairngorm landscape (NNE-trending hydrothermal veins) developed as part of a regional set of
similarly linear features generated in response to a geological event or events that acted on a regional scale.
While a detailed discussion of these is beyond the scope of this project, a brief assessment of geological
maps and satellite imagery reveals these features to be numerous and to have had a profound effect on
landscape development throughout much of the Grampian Highlands. Further research into this topic is
clearly merited.

7.8 Summar y and conclusions

● Satellite and air photograph imagery reveal preferred orientations in the major linear landscape features
and in lineaments, with dominant trends to the NNE–NE and ESE, and significant, subordinate trends
to the SE, SSE and ENE.

● A notable feature of the Cairngorms landscape is the ~NNE–SSE, arcuate orientation of several major
troughs, together with a regular spacing of these troughs.

● Systematic joints in the Cairngorm Granite show very wide variation in orientation, but with a bias in
favour of NNE- and SSE-striking joints.

● Orientation data for microgranite sheets, pegmatites and quartz veins and quartz debris trails all reveal
preferred orientations, some of which are common to all these structural entities.

● Microgranite sheet orientations vary widely; together, N and S trends dominate, but NE, ENE, E, ESE
and SE trends are all represented.

● Pegmatites have more restricted variation in orientation, dominated by N and S orientations and
orientations to the NE and SE.

● Quartz veins have the most restricted range in orientation of any of the structural data, with trends to the
N–NE dominating and trends to the S–SSE secondary, but significant.

● Quartz veins occur in linear zones of altered granite that show the most consistent link with landscape
features.
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Lairig Ghru is a shallow fluvial valley before the Quaternary Period. Exploitation and excavation by ice
markedly deepened the feature, and glacial diffluence reduced the elevation of the watershed between
Braeriach and Ben Macdui. The substantial degree of glacial excavation in the originally gently sloping east-
facing valleys of the upper Dee below what is now the Cairn Toul – The Angels Peak – Braeriach massif is
emphasised by comparing the pre- and post-Quaternary images.

Perspective views to the SW over the eastern Cairngorms (Figure 36A, B) similarly reveal that the major
landscape features of today are present in the pre-Quaternary model (Figure 36A). The now deeply
excavated valley of Slochd Mòr rising to The Sneck was a modest river valley prior to glaciation; a small
bench with a tor in Garbh Choire may represent the original river valley floor. Ground in the central Cairngorms,
around Beinn a’ Chaorainn Bheag [N J 058 017], Beinn Mheadhoin [N J 0200 0120] and Bynack More,
forms subdued rolling country before glaciation, with upper Glen Derry, Glen Avon and Strath Nethy
controlling drainage. Glaciation exploited these features, markedly lowering the watershed between 
Glen Derry and Leachd a’ Bhainne [N J 045 045] at Lairig an Laoigh. Strath Nethy, although a major
valley, seems rather isolated, being separated from Glen Avon by the col of The Saddle [N J 019 033].
The pre-Quaternary model in Figure 34 reveals that the head of Strath Nethy is aligned, both in terms of
drainage direction and floor elevation, with the ground around Coire Buidhe [N J 015 015], immediately
west of Beinn Mheadhoin, which now forms an isolated fragment of a valley head draining NNE. One
interpretation of this arrangement is that Coire Buidhe and Strath Nethy were once part of the same valley
and became detached when glacial erosion lowered the floor of Glen Avon sufficiently to isolate the lower
(Strath Nethy) part of this valley from its head. However, a scarcity of benches in Strath Nethy does not
support a long history, and what benches there are seem to curve into Glen Avon. A more likely explanation,
therefore, is that Coire Buidhe and Strath Nethy formed independently, by erosional exploitation of the same
linear zone of weakness in the granite; though they are aligned, they were probably never part of the same
drainage feature.

The spectacular corries below The Angel’s Peak – Cairn Toul – Braeriach massif, Coire Etchachan, the great
headwall of Glen Avon, the Beinn a’ Bhuird corries and Garbh Coire below Beinn a’ Bhuird all formed
through substantial glacial excavation. However, even these features have their precedents in the pre-
Quaternary landscape. East-facing depressions in valley heads clearly became the loci for the corries,
presumably because they collected snow early and kept it late, and corrie glaciers would have been the
longest-lasting glacial phenomena (Gordon 2001). Corries below The Angel’s Peak, Cairn Toul and
Braeriach are possibly the most spectacular in this respect (Figure 37A, B).

As a way of visualising the variation in excavation due to glaciation across the Cairngorms, we have
‘subtracted’ the current DTM from the pre-Quaternary DTM using surface modelling software to produce a
map of elevation difference (Figure 38). The deepest glacial excavation is confined to the central western
Cairngorms, particularly in An Garbh Choire, where the model points to around 500m of glacial
excavation, forming the great corrie complex between Cairn Toul and Braeriach. Only Gleann Einich and
Glen Geusachan come close in matching the excavation in An Garbh Choire. The model draws out the
contrast between the western and eastern Cairngorms, the latter having experienced relatively modest
glacial deepening and emphasising the dominance of plateaux in the east. Finally, the model emphasises
the linearity of glacial erosion (Sugden 1968; Hall & Glasser 2003); the Cairngorm massif presents a
classic landscape of selective linear glacial erosion.
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Figure 36 Perspective views looking ~SW over the eastern Cairngorms, showing the landscape prior
to glaciation (A) and at present day (B). See text for discussion.

A)

B)
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Figure 37 Comparison of the pre-Quaternary (A) and present day (B) landscape in the ground
between Glen Geusachan and Braeriach, west of Glen Dee and Ben Macdui. Perspective
views to the west. The white rectangles on the lower model are model ar tefacts. See text
for discussion.

A)

B)
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8.5 Conclusions

Semi-quantitative modelling of the pre-Quaternary Cairngorms landscape demonstrates that the essential
structure of the landscape was in place before glaciation. The glaciations did not usually create major new
landscape features, even though they had a profound effect on the morphology of many existing features.
We conclude that the essential structural elements of the landscape were developed as the granite was
unroofed and the zones of hydrothermally weakened rock were exposed to weathering and to erosion. They
were sustained and developed during hundreds of metres of lowering due to differential weathering and
focused erosion.

Though only semi-quantitative and requiring a number of assumptions, the modelling helps to visualise the
essential form of the Cairngorms before glaciation, permits visual comparison with the Cairngorms as they
are today, and can be used to help visualise spatial variations in the erosive effects of Quaternary glaciation.
The models will help significantly in communicating the story of the evolution of the Cairngorms landscape
to a wide public using a variety of digital media, amongst which web-based delivery is likely to be one of
the most important.
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9 REVIEW AND DISCUSSION

9.1 Introduction

In the course of this project, we have studied the Cairngorm landscape at several scales. The location, size
and trend of large-scale (>~1km) linear landscape features were determined from satellite images, while similar
features at an intermediate (10m–1km) scale were identified using aerial photographs. Field survey of the
Cairngorm Granite targeted smaller features (at the metre to 10m-scale). This work has resulted in several
new thematic maps of the Cairngorm Granite (presented in this report and held in GIS format) that illustrate
joint orientations, the distribution of texturally distinctive lithological units, xenoliths, enclaves and patches 
of microgranite and pegmatite, and the distribution and orientation of microgranite and pegmatite sheets,
quartz veins, alteration zones and mineral fabrics.

In combination with published knowledge of the geological history of the Cairngorm Granite and the
surrounding region, these new data have been used to elucidate aspects of landform development in the
Cairngorms, principally by comparing the distribution, size and orientation of the key landforms with similar
attributes of the geological features. Lithology and joints do not appear to have exerted a major influence
over the development of major landscape features, particularly the troughs. With regard to these features,
our findings indicate that the hydrothermal history of the granite appears to be key, since it is the orientation
of quartz veins and their haloes of altered rock that corresponds most closely to the orientation of the major
landscape features. In this section we summarise the extent to which geology has influenced development
of the key landscape features of the Cairngorms.

9.2 Links between geology and landscape features

9.2.1 The massif

The Cairngorm Granite was probably unroofed and first exposed at the land surface about 390 million
years ago during the Devonian Period. There is no evidence to suggest the massif was ever submerged
subsequently during hundreds of millions of years of relative rise and fall of sea level; it appears to have
been a positive topographic feature for nearly 400 million years. This implies that the current landscape in
the Cairngorms in particular, and NE Scotland in general, had its foundations in the Devonian.

Close spatial coincidence between the edge of the area of high mountains that have ‘Cairngorm’ features
and the boundary of the Cairngorm Granite indicates clearly that the areal size of the massif is related
directly to the underlying geology. The reasons for the high elevation of the massif are less straightforward.
Its occurrence as a positive feature in the landscape results from contrasting rates of erosion between the
granite and the surrounding rocks. However, this alone does not explain fully why the Cairngorm massif is
so much higher over such a large area compared to other Scottish mountain massifs. There is no structural
evidence that the massif has been raised relative to surrounding land by faulting or by flexuring of the crust.
Lithologically, it does not differ significantly from several other plutons in the northeast Grampian Highlands,
yet these do not attain the elevation of the Cairngorms. Thus, it does not appear that one can account for
the elevation of the Cairngorms massif by suggesting that the granite is unusually durable. A combination of
three factors probably explains the unusually high elevation of the Cairngorm massif:
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(i) the pluton was probably emplaced at a slightly higher level in the crust than other similar plutons formed
at the same time, perhaps because its very large volume gave it greater buoyancy and allowed it to
remain in a ductile state for longer;

(ii) the top of the pluton may have been relatively flat, thereby reducing the overall rate of denudation
relative to more steeply sloping massifs;

(iii) its large surface area may have further slowed the denudation rate.

9.2.2 Upland plateaux

The extensive, rolling upland plateaux essentially represent an ancient erosion surface. In detail, many of the
plateaux consist of dome-shaped summits separated by shallow fluvial valleys. The dome-like forms are
typical of many granite terrains, and probably reflect the development of widely spaced zones of closely
spaced fractures disposed in regular, more-or-less orthogonal, patterns; weathering and erosion focused
along these zones leads to the emergence of dome-like ‘residuals’. We believe that the shallow fluvial 
(ie largely unmodified by glaciation) valleys between the domes are underlain by structural weaknesses in
the granite; our evidence indicates that these zones of weakness result from hydrothermal alteration of the
granite in dominantly NNE orientated joint systems. Away from the heads and edges of the glacial troughs,
the high plateaux have suffered relatively little glacial erosion and their form represents an ancient land
surface that has changed little over tens or even hundreds of millions of years.

9.2.3 Troughs

The dramatic troughs of the Cairngorm massif have a long history of development. As with most prominent
negative features in any landscape, they are likely to have formed along weakened zones in the bedrock.
Intuitively, outcrop in the base of the troughs should provide the best evidence for existing zones of weakness
and the processes by which they may have been formed. However the lower slopes and floors of the
Cairngorm troughs are typically obscured to a large degree by scree, glacial debris and vegetation. An
alternative approach is to match their trend with that of ‘candidate’ geological features developed in
exposed parts of the granite. Most of the troughs, large valleys and other linear landscape features
discernible from satellite imagery trend roughly north to slightly east of north. This orientation is in poor
agreement with the trends displayed by several types of ‘candidate’ geological features including faults,
joints, lithological contacts and minor intrusions, all of which may act to weaken rock, either directly or
indirectly. The dominant linear landscape feature trend matches very closely the dominant trend of alteration
zones and associated quartz veins in the granite. Being the products of hydrothermal alteration (Section 6),
these zones are encountered on a range of scales across most of the pluton. Where observed, a sub-planar,
usually steeply to sub-vertically inclined, fracture or set of fractures has an envelope of granite that has been
altered by hot fluid moving through and permeating laterally from, the fractures. Veins of milky white quartz
commonly occur in the middle of these alteration zones. In exceptional cases the veins can reach several
metres wide with attendant alteration haloes exceeding 100m in width. Though vein quartz is resistant to
weathering, the altered feldspar and mica in the surrounding altered granite is highly susceptible to
weathering and erosion. Alteration zones therefore commonly underlie negative topographic features in the
massif, particularly cols, notches and valleys on the plateaux. Because of limited exposure below the
plateaux, it cannot be demonstrated unequivocally that such features underlie all the major troughs. However,
alteration zones have many of the characteristics required to account for the development and disposition of
the Cairngorm troughs: they have a linear intersection with the land surface, a dominant trend parallel to
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that of the troughs, a typically steep, planar geometry, they can be laterally persistent for several kilometres
and they weather and erode easily relative to unaltered granite. A spatial association between strongly
coloured granite and the major troughs provides further support for a genetic link between hydrothermal
activity and trough development. Importantly, the hydrothermally altered zones were present at the time the
pluton was first unroofed and the ‘granite’ landscape began to develop.

Alteration zones that were relatively large and extended to, or close to, the roof of the pluton would have
been exploited at an early stage in the erosion of the granite, and valleys would quickly have incised into
them. Once formed, the valleys would have focused drainage, leading to enhanced weathering and erosion
relative to adjacent unaltered parts of the granite. Valleys would have developed most rapidly, and to the
deepest levels, along the line of large alteration zones that extended deepest into the granite. Hydrothermal
activity generally focuses towards the upper levels of plutons, and alteration zones and veins will at some
point peter out with depth. Some of the zones along which valleys formed originally may therefore have
been incised by erosion to levels deeper than they extend in the granite; the present base level of all the
troughs is deeper than the plateaux on which most of the observations and measurements of quartz veins
and alteration zones were made.

It is entirely possible that the hydrothermal systems that affected the Cairngorm Granite reached the land
surface. These would have taken the form of hot springs, possibly with geysers, analogous to those known
today from the western United States and New Zealand, for example. Indeed, the world-famous fossilised
hot spring system of Devonian age preserved at Rhynie, around 40km to the NE of the Cairngorms, testifies
to the presence of active hydrothermal systems in the region at a time when the Cairngorm Granite would
have been cooling. The elongate and partly fault-bound Old Red Sandstone basins of the NE Grampian
Highlands are broadly parallel to the dominant Cairngorm quartz-vein trend, implying a regional tectonic
link between the development of the joint systems in the granite that hosted the hydrothermal fluids and the
developing Old Red Sandstone basins. This crucial aspect of the Cairngorm ‘story’ may therefore have been
a small part of a much larger set of related processes that acted on a regional scale, extending far beyond
the margins of the Cairngorm pluton.

The valleys would have continued to deepen relative to the flanking plateaux throughout the huge expanse
of time over which the massif has been exposed. Modelling of the pre-glacial land surface (Section 8) has
shown that all the major valleys currently incising the Cairngorm massif were present before Quaternary
glaciation. Repeated glacial-interglacial cycles during the Quaternary Era acted to further deepen the valleys
relative to the plateaux, and modified their form into the classic troughs with very steep margins and flattish
floors. Comparison of digital terrain models for the Cairngorms massif in its pre-glacial and current forms
reveals the relative effect of glaciation in different parts of the massif. By far the greatest degree of glacial
excavation has been in the troughs: up to around 500m of granite has been removed by glacial action in
An Garbh Choire; around 400m from Gleann Einich, Glen Geusachan and the lower reaches of Strath
Nethy; around 250m from the northern half of Lairig Ghru, from Glen Derry, the Loch Avon basin and from
the upper part of Slochd Mor. Strath Nethy (noted elsewhere as having a form more typical of a large fluvial
valley than of a trough) is unusual in that the depth of glacial erosion appears to increase down-valley,
whereas in all other Cairngorm troughs glacial incision is greatest in their upper levels and decreases down-
valley. Glacial excavation exceeds 400m only in troughs that lie in the western half of the massif. Maximum
excavation is centred in An Garbh Choire and in troughs within a radius of around 6km of it.
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Glacial incision along the troughs has created several excellent examples of truncated spurs (eg Stacan
Dubha [N J 012 016], Stob Coire Etchachan [N J 025 005]), hanging valleys (eg Coire Domhain, 
[NH 993 024], Coire Raibert [N J 004 030], Coire Buidhe [N J 016 017]) and truncated domes (eg 
The Devil’s Point [NN 976 952], Sgor an Lochain Uaine [NN 954 976]).

9.2.4 Corries

In general terms, the location of corries is controlled by a combination of altitude and aspect; the majority
of well formed corries in the Cairngorm massif have developed on the higher parts of east- and north-facing
slopes. Most corries are in the western part of the massif. Cols and notches underlain by prominent alteration
zones occur in the headwalls of many corries (eg Coire Cath nam Fionn [NN 950 930], Coire Odhar 
[NN 973 957] and Coire an t-Saighdeir [NN 964 966]), suggesting that most Cairngorm corries formed
by glacial exploitation of small pre-glacial valleys. 

9.2.5 Tors

Low joint density relative to the ‘typical’ joint density in the Cairngorm Granite is a feature of all Cairngorm
tors. Joint spacing is typically twice or more that in enclosing granite, and furthermore many joints in tors are
only partly open, ie they are incipient, at least in part. Most Cairngorm tors occur in phyric medium granite,
pointing to a possible genetic link. The spacing of joints in granite is controlled in part by rock properties
such as grainsize and texture. Thus, phyric medium granite in the Cairngorm massif may have properties that
are favourable for generating joints with the spacing and disposition characteristics required for tor
development.

The Cairngorm tors appear to have an origin similar to that proposed in the most popular model for granite
tors. They represent domains of sparsely jointed rock preserved as upstanding residuals on the plateaux
because they weather and erode much more slowly than adjacent relatively densely jointed granite. As the
plateaux surfaces lower slowly through erosion, tors emerge at the surface, become mature and finally
collapse either through structural instability within the tor or because the lowering plateau surface reaches
the base of the sparsely jointed domain. Tors should therefore form in all parts of the granite where:

(i) there are local spatial contrasts in joint density such that relatively sparsely jointed domains form discrete
‘packets’ of rock;

(ii) lowering of the weathered granite surface occurs through a process of erosion that is not sufficiently
abrasive to destroy emerging tors.

The present distribution of well-formed tors in the Cairngorms massif is markedly uneven in two respects:

(i) they occur only on the upland plateaux, plateau flanks and lower summits, being absent from troughs,
corries, valleys and low ground;

(ii) they occur almost exclusively in the eastern half of the massif.

This distribution reflects an uneven distribution of locations in the granite where local spatial contrasts in joint
density suitable for tor development occur, and uneven distribution of locations where glacial erosion has
removed tors from the surface of the massif.
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9.2.6 General appearance and character

Aside from direct links between specific landscape features and geology, such as those described above,
geology has a profound effect on the general appearance, character and ‘feel’ of many landscapes. In the
Cairngorms, the size, uniformity, colour, grainsize, chemical composition, structural homogeneity and jointed
character of the granite, and the way in which it has responded to the various agents of weathering and
erosion, have all contributed significantly to the general appearance, character and ‘feel’ of the massif. 
For example, the wide vistas, rolling terrain, smooth slopes, reddish-brown colour, poor vegetation and
sandy soil of the Cairngorms, all reflect the influence of the underlying bedrock. Without the numerous steep
and intersecting joints that have formed in the granite, the troughs and corries of the Cairngorms would lack
their classic geometry, the plateaux would lack their extensive blockfields, and the tors would not have
formed.
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10 SUMMARY AND CONCLUSIONS

The main scientific focus of the Cairngorms Project was to establish the extent to which there is a link
between the geological structure within the Cairngorm Mountains and the landscape. In the course of the
work, we have obtained a wide range of new data relating to the geology of the Cairngorm Granite pluton,
with regard to both lithology and structure and at a range of scales from kilometres to metres. These data
have helped us establish what we believe to be a causal link between a complex interplay of hydrothermal
process and structure, and the large-scale landscape features, mainly the straths and glens. Thus, there has
been a significant ‘litho-structural’ control on the basic architecture of the granite landscape. The corollary is
that this architecture was established early in the history of the Cairngorms, soon after the granite had been
emplaced and had solidified around 427 million years ago. As it was unroofed in the Devonian Period, the
emerging granite landscape would initially have inherited elements of the pre-existing landscape and
drainage pattern. However, the strong contrast in erosion rates of altered and unaltered rock in the newly
exposed granite would probably have led to the geologically rapid superimposition and then replacement
of the older drainage pattern by a new one. Since that time, weathering and erosion appear to have
modified the basic landscape architecture relatively little and we suggest that no new major valleys have
developed since the basic ‘granite’ landscape was first developed.

10.1 The structure of the Cairngorms landscape

Analysis of satellite and air photograph data shows that the major linear landscape features of the
Cairngorms have preferred orientations, principally to the NE and the ESE; the very largest straths and glens
have chiefly NE orientations, although Glen Avon is a notable exception. In the air photograph lineament
data, both NE and ESE orientations are most commonly observed, with a dominance of orientations to the
ESE. This ESE dominance in the aerial photograph data may be enhanced in part by the southerly illumination,
enhancing the appearance of features lying in roughly E–W orientations whilst making those lying in
northerly orientations less obvious.

10.2 The l i thology of the Cairngorm Granite

Current published maps of the Cairngorm Granite pluton indicate the presence of several distinct lithological
types that have been interpreted as different phases of intrusion, following the work of Harrison (1987).
However, from our results, we prefer to envisage the Cairngorm Granite as a single intrusion with variations
in grainsize and texture, as shown on our summary maps in Section 6. We summarise the lithological
features of the granite as follows:

● The Cairngorm Granite is a compositionally homogeneous, biotite-bearing, two-feldspar granite with a
chemically evolved character.

● Lithological variations within the pluton are manifest by 3-dimensional, dominantly gradational variations
in grainsize and texture, there being only rare sharp internal contacts between granite types. Only the
fine microgranite sheets have sharp contacts with their host.

● Variations in grainsize do not generally correspond with variations in texture. For example, granite
classified as ‘fine’ in our definition may be phyric or aphyric.
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● The strongly phyric coarse granite exposed in middle Glen Avon, generally known as the Glen Avon
granite, has been considered to represent a separate phase of granite intrusion. However, apparently
gradational transition into granite typical of much the rest of the Cairngorms indicates that this granite is
also part of the Cairngorm pluton.

● The presence of enclaves of typical Cairngorm Granite within the Glen Avon granite suggests that the
latter is younger, particularly as the enclaves are jointed whereas the host granite is not.

● There is no discernible link between the areal variation in grainsize and texture and the main landscape
features, indicating that the basic lithological character of the granite does not significantly influence the
development of the landscape.

● Tors appear to be developed most commonly in areas of phyric medium granite.

10.3 The structure of the Cairngorm Granite

Our work shows that significant, mappable faulting is, on the basis of the available outcrop, a very rare
feature of the structure of the Cairngorm Granite. Conversely, the granite is strongly jointed throughout, both
steep-dipping primary and shallow-dipping, near-surface sheet joints being ubiquitous. Our investigation has
focused on the geometrical properties of the primary joints only. We have also recorded and measured the
orientation of ‘litho-structural’ features, such as microgranite sheets, pegmatites, quartz veins and alteration
zones as we considered that one or a combination of these features could have some influence on
landscape development. We interpret our data to show that joints themselves have not been the single
structural factor influencing development of the landscape. The strong correspondence between the
orientation of quartz veins and their associated envelopes of hydrothermally altered granite and the orientation
of the main landscape features leads us to infer that weakened granite in hydrothermal alteration zones has
been weathered and eroded more readily than unaltered granite. This enhanced erosion has resulted in the
development of the basic structure of the landscape we observe today.

We summarise the main structural features of the granite as follows:

● Primary joints are ubiquitous and although the number of joint sets and their densities do vary across the
pluton, regular patterns of jointing have been difficult to discern.

● Across the pluton, joints occur in almost any orientation, as discussed in Section 7, although joints
trending NE and dipping steeply to the SE are slightly more common.

● In areas dominated by steep, well-exposed cliffs, steep primary joints can be seen to extend through the
cliffs over several hundred feet of vertical extent.

● Joints are almost universally un-mineralised, only rarely containing quartz or haematite fill.

● Markedly curvi-planar joints in masses of granite that have low joint densities are typical of the large tors
observed in the central and eastern Cairngorms.

● Quartz veins and their envelopes of altered rock were formed in joints of restricted orientation that were
open, hydro-dynamically, to hot circulating hydrothermal fluids; the corollary of their restricted orientation
indicates that joints orientated in other directions were either impervious to fluids or did not exist at the
time that the hydrothermal system in the Cairngorm Granite was active.
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● It is the orientated zones of hydrothermally altered rock and their quartz vein-rich centres that have been
responsible for the foundation of the structure of the Cairngorms landscape.

● Other ‘litho-structural’ features, chiefly pegmatite and microgranite sheets, are variably orientated,
lacking the restricted orientation of the quartz veins and alteration zones. However, orientations to the
NE and ESE are common to each of the data sets.

10.4 Pre- and post-Quaternar y surface modell ing

In collaboration with Dr Adrian Hall, we have endeavoured to build a digital surface model of the
Cairngorms landscape, prior to the onset of Quaternary glaciation (Section 8). The aim in undertaking this
work is to provide a visual means of assessing the likely gross effects of glaciation on the landscape, both
with regard to scientific understanding of landscape development in the Cairngorms and with regard to
communicating the late history of the Cairngorms landscape to a wider public. The surface models can be
viewed in perspective using modern GIS and other software, providing a basis for derivative products that
might be used in educational and promotional materials.

We summarise the results of our modelling as follows:

● Glacial modification of the landscape, although locally substantial, was selective and limited to
straightening and deepening of pre-existing river valleys, rather than the generation of new major
landscape features. Similarly glacial breaches in the Lairig Ghru and through Glen Derry across 
the Lairig an Laoigh still retain the original river watersheds that are aligned with the east-west axis of
the Cairngorm Granite dome. Thus, the existing, pre-glacial river valleys were already major landscape
features before the arrival of Quaternary glaciers.

● The corries are characteristic forms of glacial erosion. However, even these will have had precursors 
in the form of small valleys and depressions in which snow could accumulate to form corrie glaciers.

● The modelling serves to emphasise the importance of the pre-Quaternary history of the Cairngorms 
in establishing the major features of the current landscape.

10.5 Summarised histor y of the Cairngorm landscape

We summarise what we believe to be the main elements of the history of the Cairngorms landscape:

● The Cairngorm Granite was intruded into metamorphosed Dalradian metasedimentary rocks at a depth
of about 6km, around 427 million years ago.

● Following intrusion of the bulk of the pluton, late magmatic phases comprising microgranite sheets and
pegmatites were intruded successively into the cooling granite.

● As the heat of the granite intrusion was conducted into the country rocks, hydrothermal systems
developed, bringing in fluids that altered the granite and deposited quartz veins in the alteration zones.
The restricted orientation of the alteration zones reflects the opening of joints in a particularly orientated
tectonic stress regime; other joint orientations either did not exist or were hydro-dynamically closed.
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● Uplift and erosion during the waning of Caledonian orogenic events resulted in the Cairngorm Granite
being exposed at the surface in the Devonian, probably sometime around 390 million years ago. 
The Cairngorms have remained a positive landscape feature since this time, probably remaining
exposed even through late Palaeozoic and Mesozoic marine incursions that covered much of the rest 
of the country.

● Once exposed to weathering and erosion, the basic form of the Cairngorms landscape began to
emerge as zones of altered rock were preferentially eroded.

● Current estimates suggest that between 1 and 2km of granite have been removed since the granite was
first exposed; it is not likely to be greater than this, as some of the Devonian sedimentary basins that
filled parts of the landscape are still preserved close to the granite, for example, at Tomintoul. 
In addition, the latest-Silurian – earliest Devonian terrestrial deposits preserved in the Rhynie Cherts also
indicate that the land surface in the Cairngorms was not far from its current position.

● During the upper Palaeozoic and Mesozoic, the Scottish Highlands were a region of low relief, subject
to periodic marine incursions. However, the landscape was rejuvenated during the Palaeogene and
Neogene, resulting in renewed erosion and development of relief.

● Deep weathering of the granite and surrounding metasedimentary rocks occurred in warm to temperate,
humid conditions in the Palaeogene and Neogene, resulting in the development of mantles of weathered
rock. Some of these mantles are still preserved in areas of the Cairngorm plateaux.

● The climate cooled during the middle and latter part of the Neogene, culminating in Quaternary
glaciation that began about 2 million years ago. Former river valleys and their heads were eroded and
deepened by glaciers to produce the classic glacial troughs and corries now characteristic of the
Cairngorms landscape. However, although the glaciers substantially modified the cross-sectional shape
and long profiles of the glens, they did not generate new major landscape features unrelated to the 
pre-glacial relief.
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12 GLOSSARY

Alkali feldspar The general term for a very common rock-forming silicate mineral composed of silicon,
oxygen, potassium and sodium. See also plagioclase feldspar and orthoclase feldspar.

Apatite A calcium phosphate mineral found in small quantities in acid igneous rocks.

Aphyric Term used to describe an igneous rock that lacks phenocrysts. See also phyric.

Alteration zone A volume of rock that is permeated and altered by hydrothermal fluid.

Autoliths Fragments of igneous rock contained within in an igneous rock to which they are
genetically related. Autoliths can only strictly be identified by geochemical data that
proves the genetic link. See also enclaves.

Biotite A mica. An iron and magnesium-bearing and potassium-rich silicate mineral with
characteristic platy form. Black or dark brown in colour when fresh, it is a common
rock-forming mineral.

BP Literally, ‘before present’ in calendar years.

Caledonian Orogeny The collective term for a series of tectonic collisions between the North American –
Greenland craton, that included what is now Scotland, island arcs and the micro-
continent of Avalonia, that includes what is now England and Wales. These events
resulted in the building of the Caledonian Mountains of the United Kingdom and
were responsible for the foundation of the UK landmass.

Chlorite An hydrated iron- and magnesium-bearing aluminium-silicate with platy form similar
to mica.

Conjugate A geometrical relationship between single fractures or sets of fractures whereby the
fracture planes are separated by about 60°. It is commonly inferred that planes with
such a geometrical relationship formed under the same stress regime and are thus,
effectively, coeval.

Contact(s) In this context, contacts refer to the boundary between granite and the country rocks
into which it is intruded, or to contacts between slightly different forms of granite
within the pluton.

Density In the context used here, density refers to an estimate of the number of joints per unit
of linear or areal measurement. See also frequency.

Dip The angle of inclination of a plane, measured down from the horizontal.

Enclaves Clasts of one igneous rock caught up within another. Enclaves are usually
genetically related in some way to the host, though this is not always the case.
Where genetically related, they may represent an earlier, more primitive component
of the magmatism that has given rise to the host rock. See also autoliths.

Epidote A calcium and iron-bearing aluminium silicate.

Frequency In the context used here, frequency refers to the number of joints of all orientations
in an outcrop. See also density.
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Granite Sensu lato: a coarse (>2mm), plutonic, igneous rock composed primarily of quartz,
alkali feldspar and plagioclase feldspar, usually with minor biotite and/or muscovite.
Sensu stricto: of the total volume of quartz+feldspars, quartz forms more than 20%;
of the total volume of feldspar, alkali feldspar forms more than 35%, and plagioclase
feldspar forms more than 10%.

Holocene The time period from the end of the last glaciation (about 11,500 cal years ago)
to the present day.

Iapetus Ocean The Iapetus Ocean existed for about 100 million years between about 600–500
million years ago. It was effectively the proto-Atlantic Ocean, hence it takes its name
from Iapetos, the father of Atlas in Greek legend. The Iapetus Ocean separated the
eastern seaboards of North America and Greenland (that then, with Scotland and
Northern Ireland, formed the contiguous eastern seaboard of the ancient continent
of Laurentia) from continental masses that comprised what is now England, Southern
Ireland and Europe.

Isotropic In this context, isotropic means that there are no preferred alignments of crystals or
layering within the granite.

Laurentia The ancient continental mass that existed from about 800 million years ago and
included North America, Greenland and Scotland and the northern part of Ireland.
Scotland broke away from Laurentia with the opening of the Atlantic Ocean during
the Mesozoic.

Magma Magma consists of molten rock (melt) and crystals, with or without fragments of
unmelted rock. Magma is described as ‘primitive’ if its chemical composition is close
to that of the upper mantle; this is reflected in low concentrations of silica (SiO2) and
high concentrations of elements that are abundant in the mantle, such as iron (Fe)
and magnesium (Mg). Magma is described as ‘evolved’ if its chemical composition
is close to that of the upper crust; this is reflected in high concentrations of silica,
which is abundant in the crust, and low concentrations of elements like Fe and Mg.
Granites have highly evolved, siliceous compositions.

Magnetite The type magnetic mineral; an oxide of iron in which the iron is in an oxidation state
of 2+.

Metasedimentary Sedimentary rocks metamorphosed by heat and pressure deep in the Earth’s crust.
rocks Metamorphic effects range from relatively minor recrystallisation, such as that which

produces slates, through to complete reorganisation of the mineralogical character
of the original sedimentary rock, producing schistose and gneissose rocks that may
include melt fractions.

Miarolytic cavities Cavities within the granite into which crystals grew from the cavity walls into free,
fluid-filled space, the crystals precipitating from the fluid.

Microgranite A rock of granitic composition with grain size in the range 0.25–2mm (formally
‘medium grained’). Microgranite occurs in the Cairngorms as sheets and small
blobby patches, as well as forming larger, more extensive minor intrusions within the
main granite intrusion. See also granite.
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Muscovite A potassium-rich, iron- and magnesium-poor mica, generally colourless (see also
biotite).

Orthoclase feldspar An alkali feldspar and one of the commonest rock forming minerals, in which
potassium is the dominant alkali element. Potassium feldspar is a more general term
used where the mineralogical form is not known.

Pegmatite Patchy or sheeted mass of very coarsely crystalline, originally fluid-rich igneous rock,
often containing rare or very well-crystallised minerals. In granitic hosts, pegmatites
usually comprise quartz, feldspar and micas.

Phenocrysts Well-formed crystals that are conspicuously larger than other crystals that form a
matrix in the rock. In granite, phenocrysts are typically formed by alkali feldspar.

Phyric Term used to describe an igneous rock that contains phenocrysts. See also aphyric.

Plagioclase feldspar A very common rock forming silicate mineral composed of silicon, oxygen, calcium
and sodium. See also alkali feldspar.

Pluton Usually refers to a discrete intrusion, usually of large volume, emplaced in the crust.

Pre-full crystallisation A fabric developed in igneous rocks manifest by the alignment of long axes of
fabric (PFC) phenocrysts.

Quartz The commonest-rock forming mineral, composed of silicon and oxygen (SiO2).

Recrystallise A process by which the minerals in a rock adjust to new physiochemical conditions,
generally by changing shape or size.

Rheology, The physical state of a rock mass as a function of temperature: for example molten
(rheological) granite will have a different rheology to a partially or wholly solidified granite, 

ie molten granite will be plastic and will deform in a ductile manner at appropriate
strain rates, whereas cooling granite will become increasingly viscous and brittle.

Right-hand rule A convention for defining the strike direction of a plane on the basis of its dip
direction. Essentially, if one points down the dip with one’s right hand, one is
automatically looking along the strike of the plane. For example, if a plane dips due
east, then, when pointing with the right hand down the dip, one automatically looks
due north.

Rose diagram A way of presenting azimuthal orientation data such as compass bearings that can
be most easily thought of as a histogram wrapped around a circle. The size of each
of the wedge-shaped ‘petals’ for angular sectors of a given size (say 10°) is
proportional to the frequency of occurrence of orientations in that sector.

Stereographic A means of displaying the 3-d orientation of surfaces and linear structures, whereby
projection surfaces, poles normal to surfaces and the plunge and plunge azimuth orientation

of linear structures are projected onto the imaginary inner surface of a lower
hemisphere. In this report, only surfaces, such as joints, are portrayed stereographically,
using the pole normal to the plane to represent the surface by a point on the
hemisphere, rather than a line representing the intersection of the surface itself with
the hemisphere.
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Strike The compass bearing, generally as a whole circle bearing, of a horizontal line
drawn on a dipping plane. As the strike can, potentially be described by two
directions, 180° apart (eg N & S), the right-hand rule is used to determine the
unique value, dependent on the dip direction.

Texture Texture refers to the geometric aspects of, and the mutual relations among, the
component crystals of a rock.

Von Mises A close, but not exact, analogue of the Normal Distribution for circular data, with
distribution two key parameters:

a) the mean vector orientation; and

b) the symmetrical dispersion of the data about the mean vector.

Populations of orientations fitting the Von Mises distribution can be tested against
each other parametrically.

Xenoliths Clasts of sedimentary, igneous or metamorphic rock hosted within an igneous rock.
These are fragments of country rock that have been caught up in the magma when
it was intruded. See also enclaves, above.

Yield strength The resistance that must be overcome before magma will flow like a ‘normal’
(Newtonian) fluid. Yield strength must be exceeded before magma will move and
before xenoliths can move through magma. Yield strength depends in part on the
proportion of crystals that are present (more crystals = higher yield strength), and
increases rapidly during crystallisation.

Zircon A zirconium silicate mineral that generally originates as very small crystals in
intermediate to acid igneous rocks. It is very resistant to weathering, so is often
found as a detrital ‘heavy’ mineral in sediments. It’s main geological importance is
in radiometric dating of rocks.
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