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Illus 13   Porphyritic black pitchstone from the 
north end of Judd’s No. 1 dyke, Tormore (GLAHM 
R14186). Illus 14   Highly porphyritic green pitchstone 

(GLAHM 134050) from Glen Shurig, near Brodick. 
The rectangular plagioclase feldspar crystals have 
become pink and opaque through weathering, 
making them more obvious.

Illus 15   Flow-folding on weathered surface of aphyric pitchstone (GLAHM R7325) from Corriegills.
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Illus 16   Quartz and plagioclase phenocrysts, 
with flow-aligned crystallites of amphibole. Cnoc 
Mor, Glenashdale (GLAHM 111967). Field of view 
c 2mm. 

Illus 17   Pitchstone with dendritic crystallites, 
probably of amphibole, with ‘bushy’ biotite 
overgrowths. Dun Fionn, Corriegills (GLAHM 
134054). This texture is pretty ubiquitous in 
Corriegills pitchstones, but is also found elsewhere. 
Field of view c 2mm.

Illus 18   Dendritic amphibole crystallites, with 
bushy biotite? overgrowths from groundmass of 
porphyritic fayalite-bearing pitchstone, Cir Mhor 
(GLAHM 111993). Field of view c 0.5mm.

Illus 19   Phenocrysts of plagioclase feldspar 
(colourless), clinopyroxene (green) and fayalite (pale 
brownish), in brown, crystallite-rich glass. Note 
glass is clear around larger crystallite clusters – a 
common feature of Arran pitchstones (GLAHM 
134060). From Cnocan a’ Chrannchuir, near 
Blackwaterfoot. Field of view c 2mm.

Illus 20 (left)   Crystallite-free pitchstone with 
phenocrysts of fayalite (brownish), clinopyroxene 
(greenish), quartz (colourless, round) and 
plagioclase (colourless, rectangular). Cnoc Mor, 
Glenashdale (GLAHM 111968). Field of view 
c 2mm.
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3.4	 The occurrence of pitchstone

Pitchstones can occur geologically in a variety of 
environments. They result from the rapid cooling 
of silica-rich magmas (the same magmas as give 
rise to granitic rocks and rhyolites). Such rapid 
cooling is restricted to surface and near-surface 
geological settings. Pitchstones can therefore form 
as lavas or as shallow-level intrusions. Although 
the large Sgurr of Eigg pitchstone is a lava flow or, 
more likely, an ignimbrite (Brown et al 2007), most 
Scottish occurrences, including all the Arran ones, 
are intrusive sheets. Some are subhorizontal sheets 
or sills, while some are vertical dykes. Many are 
rather irregular in form, and may pass from vertical 
to inclined to horizontal within a few tens of metres. 
Frequently, they occur as ‘composite intrusions’, 
usually with a pitchstone centre, and margins of 
basalt, or similar rock. This juxtaposition is thought 
to be common because the intrusion of an initial 
basalt dyke provides a pre-heated conduit up which 
the very viscous and sluggish pitchstone magma 
can more easily be emplaced.

Illus 21   Phenocrysts of plagioclase (colourless) and 
fayalite (pale brown) in glass, with flow-banded 
crystallites (GLAHM 134050) Glen Shurig. Field of 
view c 0.5mm.

Illus 22   The Lamlash cone-sheet complex. 1. Dun Fionn II; 2. Dun Fionn III; 3. Dun Fionn I; 4. Clauchlands 
shore; 5. South Corriegills; ‘Magmatic Rolls Quarry’; Lag a’ Bheith; 6. Corriegills shore;  Glen Cloy;  Glen 
Dubh; 7. Felsite-tholeiite composite sheet at Corriegills point; 8. Brodick Schoolhouse; 9. Glen Shurig 
(Tomkeieff 1961, 7).
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The pitchstones of Arran are widespread, but 
they are a late feature of igneous activity – they are 
found cutting (and hence postdate) most of the other 
Tertiary volcanic rocks. Only a few basalt dykes 
seem to postdate the pitchstones. Their emplace-
ment late in the history of the Arran igneous centre, 
when hydrothermal activity was waning, or absent, 
is probably responsible for their survival – any 
older glassy rocks would have been altered by such 
activity.

Tomkeieff (1961, 6) explains the distribution of 
pitchstone outcrops in the Brodick Bay/Lamlash Bay 
area as parts of an extensive cone-sheet complex, 
centred on Lamlash Bay (illus 22–23). This model 
explains the location and orientation of important 
outcrop groups like, inter alia, Glen Shurig, Brodick 
Schoolhouse, Glen Cloy, the Corriegills/Clauch-
land Hills sites, the Lag a’ Bheith sites, and the 
Monamore sites.

3.5	 Characterising pitchstone sources

Pitchstones can be characterised using a wide range 
of methods:

1.	 Macroscopic: colour; lustre; banding; pheno
crysts. Non-destructive.

2.	 Optical microscopy: crystallite and phenocryst 
morphology, size and distribution; mineralogi-
cal identification of phenocrysts. Destructive 
– requires thin-sectioning.

3.	 Electron beam analysis: glass, crystallite 
and phenocryst characterisation – identifica-
tion down to very small sizes. Enables major 
and minor (> 0.1–0.5% abundance) elemental 
analysis of most elements on areas as small as 
1–2 microns. Ideally requires a flat, polished and 
carbon-coated surface, but limited results may 
be achievable without destructive preparation.

4.	 Bulk analysis: can include trace elements 
(< 0.1%), as well as major and minor elements, 
which may be useful discriminants. Such analysis 
is usually destructive, and can have problems 

with reproducibility and interpretation, when 
based on small samples of heterogeneous rocks.

5.	 Other beam spectroscopic methods: for example 
some forms of XRF, Raman or FTIR spectros-
copy and so on. There is a large range of methods 
which have potential to provide chemical and/
or mineralogical information from pitchstones. 
Many of these can be used non-destructively on 
artefacts, albeit at the expense of quantitative 
precision. Simpson & Meighan (1999) used X-
ray fluorescence to estimate approximate Rb/Sr 
ratios for pitchstone artefacts.

There is no standard modern terminology covering 
the textures of the smaller crystalline phases in 
pitchstones. Nineteenth-century petrologists were 
fascinated by the tiny dendritic crystals, and a 
large ad hoc vocabulary of terms arose (for example 
belonite, baculite, trichite, globulite and so on).

Two terms are often used for very small crystals: 
crystallite and microlite. However, usage is vague 
and differs between, and within, various physical 
and biological sciences. Use of the term microlite is 
widespread but unfortunate, as this term has prece-
dence of usage as a mineral species name (Ca2Ta2O7; 
Shepard 1835), and so should not be used textur-
ally. Even among geologists working on glassy rocks, 
usage is very inconsistent. For example, Sharp et al 
(1996), describing rhyolitic glass textures, use three 
terms for small crystals: microphenocrysts (> 1.2 
microns wide); microlites (> 0.6 microns wide); and 
nanolites (< 0.6 microns wide). However, Hunt & 
Hill (2001) use ‘microphenocryst’ for crystals in the 
range 10–500 microns, microlite for < 10 micron 
crystals of sufficient size to show polarisation colours 
and crystallite for < 10 micron crystals which do 
not show polarisation colours. Preston et al (2002) 
use the term microcrystallite to distinguish smaller 
crystallites.

Authors tend to use these (and other terms) to 
emphasise clusters in crystal-size distribution in 
particular groups of rocks. The degree of such clus-
tering, and the size ranges involved, vary widely, 
and hence the terms have little or no absolute value 

Illus 23   West to east section across the Lamlash cone-sheet complex, showing basic and acid cone-sheets and 
the ring-dyke of Holy Isle passing into a roof-intrusion (Tomkeieff 1961, 9).
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(as emphasised by for example Mortazavi & Sparks 
2004). Rather than attempting to create a rigorous 
and standard terminology, it is probably more useful 
for authors to use simple terms such as phenocryst, 
microphenocryst, crystallite and microcrystallite, 
but define usage in each case. We suggest that the 
term microlite should not be used.

Preston et al (2002) report some initial findings 
on crystallite compositions from Arran and other 
pitchstones. These locally include some unusual 
amphibole compositions (for example ferrowinchite), 
normally characteristic of metamorphic rocks, in 
worked artefact material, almost certainly sourced 
from Arran, found at Ballygalley in Northern 
Ireland. There is an inadequate database of detailed 
work on crystallite mineralogy in glassy rocks, but 
it may be that the anomalous composition of these 
crystallites reflects accidental or deliberate heating 
during or after the tool-making process, or it may be 
that these odd compositions are the result of rapid 
disequilibrium growth.

Crystallites are potentially a very fruitful area of 
investigation. They are abundant on a micro-scale, 
and are probably directly related to their enclosing 
glass – their delicate skeletal textures indicate in 
situ growth. They seem to have formed before solidi-
fication of the glass, as they are often flow-aligned, 
and they are thus unrelated to the later spherulites 
formed during devitrification. Larger phenocrysts 
can survive magma mixing, and may be inherited, 
or transferred, from other magmas, and their distri-
bution is patchy on a thin-section or small-artefact 
scale. Crystallites, however, are usually widely 
present in even small samples of aphyric pitch-
stone. Most artefact-use involves phenocryst-poor, 
or aphyric pitchstone, so it is the characterisation of 
these materials which is of greatest interest (albeit 
not in the case of Blackpark Plantation on Bute; 
Ballin et al forthcoming). A combination of glass 
chemistry, and crystallite identity, chemistry, mor-
phology and distribution is likely to be applicable to 
even small samples of almost all pitchstones.

Stephen Cracknell
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next section




