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Fig. 6. Photomicrographs discussed in the text. Locations of samples shown in Figure 4. (a) Garnet- and biotite-free sample of Leven Schist from about 
1 km west of the Bailey–Tilley locality, showing incipient development of a S2 crenulation cleavage that deforms the penetrative S1 cleavage. (b) Garnet-
bearing sample of Leven Schist from the Bailey–Tilley locality, showing S1 cleavage kinked and deflected into a spaced S2 crenulation cleavage. Garnet, 
entirely replaced by chlorite, appears to overprint both cleavages. (c) Garnet and biotite porphyroblasts in sample of Creran Formation metapelite, south 
of the Ballachulish Complex, showing wavy S1 cleavage deformed into a spaced S2 crenulation cleavage. Garnet and biotite overgrow the S1 cleavage but 
show ambiguous relationships with the S2 cleavage. (d) Coarse garnet-bearing sample 2 km east of Glencoe village, in which garnet overgrows a complex 
crenulated fabric but is itself weakly wrapped by the foliation. (e) Garnet + biotite-bearing metapelite 2 km west of the Glencoe cauldron subsidence. 
Inclusion trails in garnet are at a high angle to the enclosing matrix foliation, and asymmetric muscovite concentrations on the margins of the garnet 
are suggestive of rotation of the garnet during or after growth. (f) Biotite-bearing, garnet-free metapelite from within the Glencoe cauldron subsidence, 
showing incipient development of a spaced crenulation cleavage that deforms an earlier, penetrative S1 cleavage. Biotite porphyroblasts overgrow the 
penetrative cleavage but show ambiguous relationships with the S2 cleavage.
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Garnet composition and zoning

Table 1 lists core and rim analyses of garnet, and Figure 7 shows 
maps of element zoning in a representative garnetiferous sample 
from the Bailey–Tilley locality (see Figs 4 and 5). The zoning is 
generally smooth going from core to rim, ranging in Ca:Mn:Fe:Mg 
from 21–27:15–22:54–57:2–3 in the cores to 20–23:5–15:61–
70:3–4 in the rims.

Correlation between mineral assemblages and 
rock compositions

Figure 8 is an AFM plot of the mineral and whole-rock data, grouped 
by lithological unit (Leven Schist/Creran Formation, Ballachulish 

Slate, Appin Phyllite). The samples from the Leven Schist/Creran 
Formation are all garnet-bearing with the exception of sample 81-157, 
illustrated in Figure 6a. Metapelites of the Leven Schist/Creran 
Formation and Ballachulish Slate units show relatively small varia-
tions in composition, as indicated by their small 1σ standard devia-
tions (Table 1 and Fig. 8). In contrast, the metapelites of the Appin 
Phyllite show a broader range in composition.

The compositional differences between the units are strongly cor-
related with the different mineral assemblages they develop. The 
garnetiferous rocks, with one exception all from the Leven Schist/
Creran lithologies, are the richest in iron, whereas the garnet- and 
biotite-free Ballachulish Slate assemblages are the most magnesian 
and aluminous. Samples from the compositionally diverse Appin 
Phyllite have an average composition between these two extremes, 

a b

c d

e f

Chl

Ilm

Grt

Ms+Qtz+Ab+
Qtz matrix

Fig. 7. Back-scattered electron image and 
maps of elemental zonation of the garnet in 
Figure 5h from the Bailey–Tilley locality. 
(a) Back-scattered electron image with 
location of quantitative analysis spots. (b) 
Ca zonation. XCa (%) = 100 × Ca/(Ca + Fe 
+ Mg + Mn). (c) Mn zonation. XMn (%) = 
100 × Mn/(Ca + Fe + Mg + Mn). (d) Fe 
zonation. XFe (%) = 100 × Fe/(Ca + Fe + Mg 
+ Mn). (e) Mg zonation. XMg (%) = 100 × 
Mg/(Ca + Fe + Mg + Mn). (f) Zonation in 
per cent Mg/(Mg + Fe).
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typically developing garnet-free, biotite + chlorite-bearing assem-
blages, with the exception of one Fe-rich sample (81-137) that con-
tains garnet. 

Figure 8 shows that differences in Mg/(Mg + Fe) of the metape-
lites can account for the distribution of mineral assemblages in the 
vicinity of the garnet isograd. Other important compositional distinc-
tions amongst the units, not illustrated in Figure 8, are listed in Table 
1. In addition to being richest in iron, metapelites of the Leven Schist/
Creran Formation are the richest in Mn and Ca, whereas metapelites 
of the Ballachulish Slate are low in both elements; metapelites of the 
Appin Phyllite on average have intermediate values. Elevated Mn 
and Ca both favour the development of garnet, as revealed by phase 
equilibrium modelling (below).

In contrast to the compositional control on the mineral assem-
blages, garnet- and biotite-free sample 81-157 from the Leven 
Schist (Fig. 6a) has whole-rock and chlorite compositions similar to 
those of the garnetiferous samples from the same unit to the east and 
south (Table 1 and Fig. 8). In this case, the difference in mineral 
assemblage most probably reflects a difference in metamorphic 
grade, as indicated by the garnet isograd that separates them (Fig. 4).

Phase equilibrium modelling

Phase diagrams for the different bulk compositions (Figs 9–11) were 
calculated in the 10-component chemical system MnNCKFMASHT 
(MnO–Na2O–CaO–K2O–FeO–MgO–Al2O3–SiO2–H2O–TiO2, with 
C and P2O5 deleted from the whole-rock analysis, followed by pro-
jection from pyrrhotite). Pattison & Tinkham (2009, pp. 264–265) 
discussed differences between phase diagrams calculated using dif-
ferent chemical systems for a typical pelitic bulk composition. The 
advantages of the 10-component system, compared with simpler 
chemical systems such as KFMASH, are that: Ca and Mn are sig-
nificant components of, and stabilize, garnet; epidote is common in 

several rocks; the presence of albite v. Ca-bearing plagioclase is of 
petrological significance; and Ti-bearing oxides (including ilmenite, 
which sequesters Fe) are ubiquitous. The component Fe3+, although 
present in epidote, was not included in the model chemical system 
because of the unknown Fe3+ content of the other minerals; epidote 
stability is discussed separately below.

The phase diagrams were calculated using the Theriak-Domino 
phase equilibrium modelling software (de Capitani & Brown 1987; 
de Capitani & Petrakakis 2010). The average compositions of the 
three lithological units is given in the caption to Figure 10. In the 
Theriak algorithm, sufficient oxygen was added to the bulk compo-
sition to achieve electroneutrality. Sixty moles of hydrogen (equiv-
alent to 30 moles H2O) were added to the anhydrous bulk 
composition to ensure that aH2O was unity across the phase diagram 
(equivalent to aqueous fluid being available as a possible reactant 
or product across the diagram). The effect of C-bearing fluid spe-
cies in the metamorphic fluid in graphitic rocks has been ignored 
because it results in only minor (<10 °C) displacements of the 
phase boundaries at the calculated P–T conditions (Connolly & 
Cesare 1993; Pattison 2006).

The thermodynamic database used for the calculations is that of 
Holland & Powell (1998), updated to dataset 5.5 in 2003 that incor-
porates the Al2SiO5 triple point of Pattison (1992). Activity models 
used in all calculations are those used by Tinkham & Ghent (2005) 
with the following exceptions: (1) margarite was not considered as 
a component in white mica; and (2) the ternary feldspar model of 
Holland & Powell (2003), using a molecular mixing model and 
asymmetric formalism, was used instead of separate plagioclase 
and pure orthoclase or sanidine.

Garnet stability

Figures 9a–c show the position of the garnet-in line for single sam-
ples, and the average composition, of the three lithological units. 
Figure 9d compares the position of the garnet-in line for the average 
composition of each of the three units. The garnet-in line occurs at 
the lowest grade in the Leven Schist/Creran Formation metapelites 
and at the highest grade in the Ballachulish Slate, the separation 
between the two garnet-in lines being of the order of 40–60 °C, 
depending on pressure. The implication is that at the conditions of the 
garnet isograd, garnet was stable in the Leven Schist rocks but not in 
the Ballachulish Slate and Appin Phyllite rocks, consistent with the 
inferences from Figure 8. The development of garnet in all units, 
including the Ballachulish Slate, further to the east implies an 
eastward increase in metamorphic grade, consistent with the east
ward-facing distribution of the chlorite, biotite and garnet zones in 
Figures 1 and 4. This implies that the mineralogical effects of compo-
sitional differences amongst units are most accented in the low-grade 
part of the garnet zone, the effects diminishing as garnet becomes 
stable in a wider range of bulk compositions as grade increases.

Porphyroblast-forming reactions

Garnet-forming reaction

The garnet-forming reaction is of the form

	 Ms + Chl + Ep + Qtz + Ilm = Grt + Bt + H2O	 (1)

(Pattison & Voll 1991), wherein epidote provides the Ca component 
of garnet, and ilmenite provides the Ti component of biotite and per-
haps some of the Mn component of garnet (see Pattison & Tinkham 
2009). A more quantitative mass balance can in principle be derived 
using the Theriak software (de Capitani 1987) by subtracting the 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0.1

0.2

0.3

0.4

0.0

-0.1

-0.2

-0.3

-0.4

-0.5

A

Mg/(Mg+Fe)

0.5

Garnet

AP

BS

LS

?

Ballachulish Slate (BS)
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Chlorite

Biotite

Bt

altered 
garnet 81-157

81-137

Whole rock compositions 
and 1-σ standard deviations

Mineral compositions

Fig. 8. AFM-type diagram showing plotting position of mineral and 
rock compositions from Table 1. A = (Al − Na − 2Ca − 3K)/2 (cations), 
representing a projection from the albite and anorthite components 
of plagioclase and from muscovite. Large open symbols within 
ellipses portray the mean and 1σ standard deviation of the whole-rock 
compositions. Dotted lines join mineral compositions from sample 
81-137, in which garnet is completely replaced by chlorite and biotite 
has undergone partial chloritization. Locations of samples are shown in 
Figure 4.
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thermodynamically predicted moles of phases above and below the 
garnet-in line for the average Leven Schist composition (470 and 
500 °C, respectively, for a pressure of 7.0 kbar), and renormalizing to 
1 mole of garnet produced. The result is

	 0.89Ms + 3.78Chl + 0.52Czo + 5.77Ab + 0.36Ilm  =
	 1.00Grt + 7.48Bt + 11.06Qtz + 8.78H2O.	 (2)

Whether reaction (2) is a better representation of the natural reac-
tion than reaction (1) depends on two main factors. First, the stoi-
chiometry of reaction (2) is specific to the bulk composition and is 
influenced by the predicted compositional changes with grade of 
the modally abundant white mica (c. 35% of the predicted modal 
mineralogy for this bulk composition). Increase of the paragonite 
(Na) component with grade in white mica results in albite being a 
reactant; the exchanged muscovite (K) component contributes to 
biotite production; decrease in the celadonite component of white 
mica with grade contributes further to biotite production. The result 
is modal mismatch between muscovite (reactant) and biotite (prod-
uct), the magnitude of which depends on the thermodynamic activ-
ity–composition models. The second factor is that application of 
the above reaction to the natural rocks assumes continuous compo-
sitional equilibration between the minerals during progressive met-
amorphism, an assumption that has been questioned by Dempster 
(1992) in the case of white micas.

Biotite-forming reaction

Biotite formation in the carbonate-bearing metapelites, such as in 
the Appin Phyllite near Onich (Figs 2 and 4), was due to a reaction 
of the form

	 Ms + Dol + Qtz + H2O = Bt + Chl + Cal + CO2	 (3)

(Pattison & Voll 1991). In carbonate-free rocks, biotite most prob-
ably grew in response to decrease in the Tschermak (celadonite) 
component in chlorite and muscovite:

	 Ms + Chl = Bt + (Fe,Mg)−1Si−1Al2 + Qtz + H2O	 (4)

(Mather 1970; Pattison 1987). Taking the same approach as 
described above for garnet-forming reaction (2), a biotite-forming 
reaction was estimated by subtracting the predicted moles of phases 
at two temperatures within the biotite zone, and renormalizing to 
1 mole of biotite produced (470 and 480 °C, respectively, for a pres-
sure of 7.0 kbar). The result is

	 0.21Ms + 0.44Chl + 0.69Ab + 0.05Ilm = 
	 1.00Bt + 1.56Qtz + 0.98H2O.	 (5)

The reaction bears similarities to the simple KFMASH reaction (4) 
above. The Tschermak exchange, in addition to the other composi-
tional exchanges described in garnet-forming reaction (2), are 
incorporated in reaction (5). The same caveats for reaction (2) 
apply to reaction (5).

Pressure–temperature conditions

P–T estimation from mineral assemblages

Figure 10a–c shows isochemical phase diagram sections for the 
average composition of the three lithological units, focusing on 
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Fig. 9. Calculated position of the garnet-
in line for average compositions and 
single samples of the three lithological 
units. Compositional data for the average 
compositions of the three lithological 
units are listed in the caption to Figure 10. 
Locations of samples are shown in Figure 4.
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mineral stability fields pertinent to the rocks under consideration. 
The P–T domains represented by the observed mineral assem-
blages in the vicinity of the garnet isograd are shaded.

Zoisite rather than clinozoisite is predicted to be stable in the 
Fe3+-free phase diagrams. The phase boundaries involving zoisite, 
in particular the important zoisite-out/intermediate plagioclase-in 
phase boundary in Figure 10, are displaced down-temperature by an 
average of 10 °C if clinozoisite rather than zoisite is involved in the 
reactions (Pattison & Seitz 2012). For the natural rocks under con-
sideration, however, this effect is counterbalanced by the presence 

of Fe3+ in epidote. Moynihan & Pattison (2013) calculated that, rela-
tive to pure clinozoisite, the maximum up-temperature displacement 
of the clinozoisite-out/intermediate plagioclase-in phase boundary 
for Fe3+-bearing epidote in a magnetite-free metapelite was 20 °C. 
The position of the curve in Figure 10 therefore lies in the middle of 
an uncertainty band of about 20 °C. Another feature of note in 
Figure 10 is a fairly substantial predicted stability field, mainly at 
moderate to high pressure, of coexisting K-rich and Na-rich white 
mica (paragonite). The reliability of this prediction is uncertain; no 
paragonite was noted in the samples.
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garnet isograd are shaded. (a) Composition (in moles) of average Leven Schist. Si, 103.16; Ti, 1.23; Al, 34.92; Fe, 9.50; Mn, 0.14; Mg, 5.05; Ca, 0.81; 
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The P–T stability fields for mineral assemblages of the Leven 
Schist and Appin Phyllite in the vicinity of the garnet isograd (Fig. 
10a and c) provide fairly tight constraints on P–T conditions, 
whereas the constraints provided by the Ballachulish Slate mineral 
assemblage (Fig. 10b) are broader. When the three mineral assem-
blage stability fields are superimposed on each other, they overlap 
in a small P–T interval of 6.5–7.1 kbar, 485–495 °C (Fig. 10d). The 

apparent tightness of the constraint almost certainly exaggerates 
the real precision of the estimate. Waters & Lovegrove (2002) and 
Powell & Holland (2008) discussed the numerous sources of error 
in the calculation of phase diagram sections and the assessment of 
natural mineral assemblages therein. A realistic estimate of uncer-
tainty on the above P–T estimate is probably at least ±0.5 kbar and 
±25 °C, but probably not more than ±1.0 kbar and ±50 °C.
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Fig. 11. Pressure–temperature estimates in relation to key mineral stability boundaries. (a) Garnet isopleth intersections (core and rim) and key mineral 
stability boundaries for sample 92-B-1b, assuming no fractionation. (b) Garnet isopleth intersections (core and rim) and key mineral stability boundaries 
for sample 81-478, assuming no fractionation. (c) Garnet rim isopleth intersections and key mineral stability boundaries for sample 92-B-1b, assuming 
fractionation. Dashed mineral stability boundaries and garnet core isopleths are for the unfractionated starting composition (same as in Fig. 11a); solid 
mineral stability lines and garnet rim isopleths are for the fractionated composition. The fractionation path is the labelled bold solid black line. (d) 
Summary of P–T estimates from garnet core isopleth intersections and overlap of mineral stability fields (Fig. 10d), plotted with respect to the garnet-in 
line for the average composition of the three lithological units (Fig. 9d). Xsps = Mn/(Mn + Fe + Mg + Ca). Xgrs = Ca/(Mn + Fe + Mg + Ca). Xalm = Fe/(Mn 
+ Fe + Mg + Ca). Locations of samples are shown in Figure 4.
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P–T estimation from garnet compositions

Figure 11a and b shows isopleths of XCa, XMn and XFe for the core 
and rim compositions of garnet from samples 92-B-1b and 81-478, 
respectively. Isopleth intersections for garnet cores from the two 
samples are tight and nearly coincident at 510–515 °C, 6.8–7.0 kbar. 
They fall above the garnet-in line and close to the chlorite-out and 
zoisite-out/intermediate plagioclase-in lines, albeit a little above the 
latter, broadly consistent with the mineral assemblage constraints. 
The results are in the same pressure range but c. 20 °C higher than 
the P–T results from analysis of the mineral assemblages (Fig. 10d).

Garnet rim compositions for the two samples were plotted on the 
same set of calculated isopleths. The resultant P–T conditions are 
too high to reconcile with the mineral assemblages. To take account 
of modification of the reactive bulk composition owing to frac-
tional growth of garnet, prograde fractionation paths were calcu-
lated for sample 92-B-1b using Theriak-Domino. Because the 
actual P–T path of the samples is unknown, the P–T path showing 
the most extreme fractionation is shown in Figure 10c, correspond-
ing to a P–T path of increasing temperature and pressure passing 
through the garnet core temperature. Garnet was removed at 0.5 °C 
intervals between 6.0 kbar, 480 °C, the garnet-in line for the unfrac-
tionated bulk composition, and 7.0 kbar, 520 °C. During fractiona-
tion, the garnet-in line for the evolving, fractionated composition is 
continuously displaced as the matrix is depleted in garnet-forming 
components (mainly Mn). The garnet-in and chlorite-out lines for 
the end of the fractionation path are shown in Figure 10c.

The garnet rim isopleths for the fractionated composition intersect 
at c. 540 °C, 6.8 kbar, c. 50 °C higher than the phase equilibrium esti-
mate and c. 30 °C higher than the garnet core estimate. These esti-
mates are difficult to reconcile with the presence of albite and epidote 
rather than intermediate plagioclase in the rocks, and the physical 
location of the samples barely into the garnet zone (Fig. 4). The latter 
suggests that the conditions for garnet growth were only just reached, 
and that the temperatures did not rise substantially above conditions 
of initial garnet growth.

P–T estimation from geothermobarometry

Pattison & Voll (1991) presented geothermobarometric estimates 
for garnetiferous samples from near the garnet isograd. Using the 
Hodges & Spear (1982) calibration of the garnet–biotite geother-
mometer, which takes account of Mn and Ca in garnet, four samples 
(garnet rim compositions; data in Table 1) gave an average of 485 °C 
within a range of 467–506 °C, similar to the estimates above. The 
results for samples within the outer part of the Ballachulish aureole 
(81-53 and 81-478, Fig. 4) were not systematically different from 
those outside the aureole (81-161 and 92-B-1). The phengite geoba-
rometer of Powell & Evans (1983) was applied to eight samples 
containing the subassemblage Ms + Chl + Bt + Qtz, yielding pres-
sures from 8.6 to 12.2 kbar at 500 °C (Pattison 1985, pp. 418–420), 
much higher than the c. 7 kbar estimate of this paper. The high and 
variable pressures are probably due to a combination of calibration 
inaccuracy and lack of equilibration within and between minerals 
(see Dempster 1992), the latter suggested by the range in Si cations 
per formula unit in white mica in the samples (3.12–3.33 for an 
11-oxygen formula unit; Table 1).

Summary of P–T estimation

Figure 11d is a summary diagram of P–T estimates. The results are 
broadly self-consistent in that they satisfy the observation that gar-
net occurs in the low-grade part of the garnet zone in the Leven 
Schist/Creran Formation lithologies, but not the Appin Phyllite and 
Ballachulish Slate lithologies (with the one exception from the 

Appin Phyllite). From Figure 11d, the P–T conditions of the garnet 
isograd in the Ballachulish area are interpreted to be c. 500 °C and 
c. 7 kbar, implying a transitory geothermal gradient at the time of 
metamorphism of c. 20 °C km−1, assuming an average rock density 
of 2.8 g cm−3.

Comparison of P–T results at Ballachulish with 
P–T conditions of the garnet zone elsewhere in 
the SW and central Highlands

Although not directly pertaining to the Bailey–Tilley debate, the 
P–T results obtained at Ballachulish bear on reported P–T esti-
mates of the garnet zone elsewhere in the SW and central Highlands. 
Figure 1 shows that Ballachulish lies on the edge of a large domain 
of garnet zone metamorphism SW of a domain of higher grade 
metamorphism characterized by staurolite, kyanite and sillimanite 
zones.

Thirty-five kilometres to the NE of the Ballachulish area, between 
Spean Bridge and Roy Bridge (location 1 in Fig. 1), samples of the 
Leven Schist from the garnet zone contain the assemblage Ms + Bt + 
Grt + Ep + Qtz + oligoclase ± Chl ± Cal (Richardson & Powell 1976). 
P–T estimates from multi-equilibrium geothermobarometry range 
from 5.0 to 7.5 kbar (Richardson & Powell 1976; Powell & Holland 
1994) within a temperature range of 520–550 °C. The results are sim-
ilar in pressure but a little higher in temperature than at Ballachulish, 
consistent with the presence of intermediate plagioclase rather than 
albite, the occurrence of garnet in graphitic schists as well as non-
graphitic schists, and the occurrence of staurolite-bearing schists 7 km 
NE of the analysed samples (Phillips & Key 1992).

Eighty kilometres to the SW of Ballachulish, in the Tayvallich–
Knapdale area (location 2 in Fig. 1), P–T conditions of the garnet 
zone were estimated from thermobarometry to be 8–12 kbar, 480–
530 °C (Graham et al. 1983; Skelton et al. 1995; Vorhies & Ague 
2011). The pressure estimates are largely based on the Powell & 
Evans (1983) phengite barometer that at Ballachulish yielded a 
range of 9–12 kbar. Where present, metapelitic mineral assemblages 
(Graham et  al. 1983, fig. 6) are similar to those at Ballachulish, 
including presence of albite rather than Ca-bearing plagioclase. 
Based on a small number of published analyses (Graham et  al. 
1983; Vorhies & Ague 2011), mineral compositions fall within the 
same range as at Ballachulish, although the celadonite component of 
the four published white mica analyses (3.22–3.37 Si cations per 
formula unit) appears to be a little higher. In the absence of demon-
strably higher pressure mineral assemblages or mineral composi-
tions (e.g. paragonite, white mica distinctly richer in the celadonite 
component), the pressures in the Tayvallich–Knapdale region may 
not therefore be very much, if at all, higher than the c. 7 kbar esti-
mate at Ballachulish (see also Dempster 1992).

Similar comments may apply to 8–11 kbar, 500–600 °C esti-
mates from thermobarometry for the garnet zone in the south–cen-
tral and central Highlands (Moles 1985; Watkins 1985; Vorhies & 
Ague 2011). The locations are labelled as 3 and 4 in Figure 1, and 
occur within Region III of Vorhies & Ague (2011). These P–T con-
ditions are mostly above the upper stability limit of Ca-bearing pla-
gioclase in common metapelites (see, e.g. Fig. 10; Pattison & 
Tinkham 2009, fig. 11; Pitra et  al. 2010, fig. 7; Skrzypek et  al. 
2011, fig. 8; Vorhies & Ague 2011, fig. 13; Palin et  al. 2012, 
fig. 10a). Yet, Ca-bearing plagioclase is reported in most of the 
mineral assemblages from this region, including in the samples 
used in the thermobarometry. In addition, the reported celadonite 
component of white mica is in the same range but overall lower 
than at Ballachulish and Tayvallich–Knapdale (3.12–3.24 Si cati-
ons per formula unit; Vorhies & Ague 2011), suggestive of some 
combination of lower pressure or higher temperature. The reported 
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8–11 kbar pressure estimates therefore seem high, perhaps by as 
much as 2–3 kbar, with respect to mineralogical considerations and 
in comparison with adjacent regions. In summary, peak metamor-
phic pressure for much of the broad garnet zone in the SW 
Highlands (Fig. 1) may be more in the c. 6–8 kbar range, although 
further work is required.

The Bailey–Tilley debate

The results of this study extend the pioneering work of Bailey, 
Tilley, Elles and their contemporaries on the metamorphism of the 
SW Highlands. With respect to the Bailey–Tilley debate, the evi-
dence in this paper favours Bailey’s contention that difference in 
bulk composition rather than difference in grade was the primary 
cause of the abrupt loss of garnet going upgrade in the Ballachulish 
area. Interestingly, Bailey’s specific suggestion that the presence of 
graphite in the Ballachulish Slate was the primary compositional 
factor is probably misplaced. Graphite introduces carbon-bearing 
fluid species into the metamorphic fluid, reducing the thermody-
namic activity of water and therefore promoting rather than retard-
ing reaction (French 1966; Connolly & Cesare 1993). The 
magnitude of this effect at the P–T conditions of the Ballachulish 
region, however, is likely to be small (<10 °C; Connolly & Cesare 
1993; Pattison 2006).

Other aspects of Bailey’s interpretation of the metamorphism 
and structure of the SW Highlands also find support in this paper. 
Barring details, Bailey’s mineral assemblage zones in the study 
area are essentially the same as the ones in this paper. His conten-
tion that metamorphism developed in the latter stages of, rather 
than before, the major folding and deformation events is also 
widely acknowledged.
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localities in the study area outside the area I worked. Thanks go to T. 
Dempster and an anonymous reviewer for their reviews, and especially 
to JGS Chief Editor Quentin Crowley for permitting inclusion of the 
lengthy historical introduction. This research was supported by NSERC 
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