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9.1 Introduction

The rocks on the foreshore near the Ardbeg Distillery on the south-east coast of Islay (Figure 2.20) include a tightly
folded and metamorphosed doleritic sill, first described by Wilkinson (1907). Towards the top of this sill, there are lenses
containing the mineral stilpnomelane. This rather unusual mineral (a sheet silicate) is found scattered sporadically
through low-grade metamorphic rocks in the British Isles, but it is comparatively rare. It is unusual to find it in such high
concentrations and as coarsely grained as it is at this locality.

The sill is one of a suite of pre-tectonic basic intrusions that are ubiquitous throughout the Dalradian of the South-west
Grampian Highlands. However, this sheet has clearly been folded which is rarely seen on Islay, although folded sills are
commonly observed on the mainland, for example at Tayvallich (Wilson and Leake, 1972) and at the Point of Knap
(Roberts, 1969). The mineral paragenesis of the sill gives an indication of the grade of regional metamorphism that the
rocks have experienced.

The host rocks are metasandstones, metasiltstones and metamudstones belonging to the Port Ellen Phyllite and
Laphroaig Quartzite formations of the Easdale Subgroup, and are at approximately the same stratigraphical level as the
rocks at the Surnaig Farm and Ardilistry Bay GCR sites. These rocks demonstrate a variety of sedimentary features, but
are also quite important in unravelling the geological history of the area, as they preserve evidence, in the form of
tectonic cleavages, for at least three deformational events. Hence at this locality the growth of the stilpnomelane may be
considered in both a structural and metamorphic context.

9.2 Description

The metasedimentary rocks at this GCR site comprise the upper part of the Port Ellen Phyllite Formation and the lower
part of the Laphroaig Quartzite Formation. North of the site, the Port Ellen Phyllite consists mostly of metamudstone but
towards the top of the formation (within the GCR site), metasandstone beds become more prevalent. The boundary with
the overlying Laphroaig Quartzite is gradational, passing up into interbedded metasandstones and metamudstones with
rare metacarbonate rocks. The metasandstone beds are dominant and vary in thickness between c. 0.5 and 2 m. A wide
range of sedimentary structures may be observed in this formation, such as cross-bedding, dewatering structures and
scours, and sandstone dykes may be seen cross-cutting the bedding in the metamudstones (Borradaile, 1974).

Subsequent basic magmatism resulted in the intrusion of a series of doleritic sills. The sills are conspicuous in this part of
the island, as the intervening metasedimentary rocks have been preferentially eroded leaving prominent ridges of
metadolerite. It is highly likely that they are genetically and spatially related to the Tayvallich lavas found on the mainland,
which have been dated at c. 600 Ma using U-Pb dating techniques on zircons (Halliday et al., 1989; Dempster et al.,
2002).

The major structure in the Dalradian of Islay is the upward- and north-west-facing Islay Anticline that formed during the
first phase of deformation of the Grampian Event (Bailey, 1917; Roberts and Treagus, 1977c¢). This GCR site lies on the
south-east limb of the anticline, so the beds generally have moderate (40-60°) dips and young to the south-east. The
syncline—anticline fold pair that folds the stilpnomelane-bearing metadolerite sill is parasitic to the major Islay Anticline (as
indicated by their north-west sense of vergence). Associated with this folding is a penetrative cleavage, which is best
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developed in the finer grained rocks such as those found in the Port Ellen Phyllite Formation, where it is continuous and
slaty in some beds. This cleavage dips steeply to the south-east and is axial planar to minor F1 folds (e.g. at [NR 4170
4619]).

At least two later stages of deformation can be recognized on the foreshore beneath the distillery; these take the form of
crenulation cleavages and some minor open folding. One of the crenulation cleavages dips steeply (c. 80°) to the north
and in places is the dominant fabric in the rock. The other crenulation cleavage is only developed sporadically, and dips
at a shallow angle to the east. It is not clear which of these later cleavages pre-dates the other, and there is no record of
any major folds on Islay associated with either cleavage.

Stilpnomelane is found in irregular lenses towards the top of the 70 m-thick folded metadolerite sill that crops out on the
foreshore just to the west of the distillery at [NR 4185 4625] (Figure 2.20). It is a bronze-coloured mineral with a metallic
lustre and forms radiating clusters, with individual grains up to 1 mm in length. In thin section it resembles biotite but has
a more reddish brown colour and lacks the perfect mica cleavage (Figure 2.21). The colour indicates that it is probably
ferri-stilpnomelane. The metadolerite host rock has a relict ophitic texture that is obvious in hand specimen but less well
defined in thin section. The stilpnomelane-bearing lenses also contain actinolite, epidote, albite, quartz, chlorite, calcite
(rare) and leucoxene. The actinolite is distinctly green and pleochroic; microprobe analysis shows it to be iron-rich
(Bendall, 1995) and recalculation of microprobe data, based on the procedure outlined in Droop (1987), implies a high
ferric iron component. There does not appear to be a tectonic fabric in the rock and the stilpnomelane clearly cross-cuts
all the other mineral phases; it is randomly orientated, commonly forming radiating clusters (Figure 2.21).

9.3 Interpretation

Stilpnomelanes have the general formula: (K,Na,Ca), (Mg,Fe?*,Fe3*) SigAl(O,0H),,.2-4H,0 (Deer et al., 1992). They
tend to be iron-rich but the composition can vary between the ferric end-member ferri-stilpnomelane and the ferrous
end-member, ferro-stilpnomelane. Consequently stilpnomelanes are most likely to occur in iron-rich rocks, such as
metamorphosed ironstones and iron-rich meta-igneous rocks, but they are generally restricted to lower- to
middle-greenschist-facies metamorphic rocks. At Ardbeg, the ferri-stilpnomelane is associated with actinolite that has
high ferrous and ferric iron concentrations with respect to its Mg concentrations, supporting the association of
stilpnomelane with Fe-rich rocks.

Metamorphic mineral assemblages in the finer grained metasedimentary rocks at this GCR site are indicative of the
biotite zone, and metadolerite assemblages are typical of greenschist-facies metamorphism. The peak of metamorphism
here was probably associated with the D1 phase of deformation that was responsible for the development of the Islay
Anticline (Skelton et al., 1995). The stilpnomelane appears to have grown later than the other minerals that occur with it.
However, it does not appear to be retrogressive and therefore probably formed around the peak of metamorphism, which
was somewhere around 470°C, according to Skelton et al. (1995). The pressure estimates of 10 kbar assumed in that
study were all derived from sources that utilise phengite equilibria (Powell and Evans, 1983). The authors conceded that
they are rather on the high side and expressed reservations as to the reliability of such geothermometers. Pressures of
around 5 kbar, which imply burial depths of between 15 and 20 km, are more typical of greenschist-facies
metamorphism.

9.4 Conclusions

The Ardbeg GCR site is notable and of some international importance for the occurrence of the metamorphic mineral
stilpnomelane within a metadolerite sill. Although stilpnomelane occurs sporadically elsewhere in the Scottish Dalradian,
here it is relatively abundant and the fresh crystals are up to 1 mm in size, which is quite large for stilpnomelane. This
poorly understood mineral is preserved here in a host rock that has not been significantly retrogressed. Its growth is
reasonably well constrained with respect to the regional deformation and metamorphism, and the overall mineral
assemblage can be used to quantify the temperature and pressure of metamorphism under which this particular
stilpnomelane formed. An important constraint on the formation of stilpnomelane is the iron-rich chemical composition of
the host rock, which can be reliably established at this site as the rock is relatively fresh.



This small site also exhibits good examples of sedimentary structures such as cross-bedding, dewatering structures and
scours, which are found within the Laphroaig Quartzite. Three different small-scale tectonic fabrics are easily
distinguished here and these could prove important in establishing tectonic relationships in south-east Islay.
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(Figure 2.21) Photomicrograph (in plane-polarized light) of the stilpnomelane-bearing metamafic sill on the foreshore 400
m east of Ardbeg Distillery at [NR 4185 4625]. Radiating clusters of stilpnomelane can be seen overgrowing actinolite,
albite, quartz, and epidote. The field of view is 6 mm. (Photo: A. Condron.)
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