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of Partially Melted Pelitic
and Semi-Pelitic Rocks

B. Harte, D.R.M. Pattison and C.M. Linklater

9.1 Introduction

Evidence of partial melting is seen in pelitic and semi-pelitic metasediments within
the Ballachulish aureole in many locations immediately adjacent to the intrusive
complex (within Zone V of Pattison and Harte 1985, and Chap. 8, this Vol.). In this
chapter we summarize that evidence as seen both in the field and under the optical
microscope. We endeavour in our presentation to largely keep description and
interpretation in separate sub-sections, in an attempt to lay out the evidence for
melting as objectively as possible. The chapter is concerned with textures and
structures, their interpretation, and their implications for the rheological and crystal-
lization behaviour of the melts. The reader is referred to Pattison and Harte (1985,
1988; Sect. 8.5, this Vol.) for notes concerning the melting reactions.

The evidence of partial melting which we shall present, occurs within 0.5 km of
the mapped contact of the intrusive complex; an approximate limit to the occurrence
of partial melting is shown on Fig. 9.1 and Maps 1 and 2. This boundary is not well
defined because the most widespread migmatitic rocks seen in the field are only well
developed in pelites and semi-pelites with strong composition layering, and even
within these rocks are only usually abundant within 100-200 m of the intrusive
complex. In locating the melting boundary, we have also taken into account micro-
scopic features, especially xenomorphic quartz textures, albite rims around K-
feldspar, and cloudy perthitic K-feldspar (Pattison and Harte 1988).

We commence our description by considering migmatitic rocks in which
leucosome development is accompanied by fracturing of cordierite-rich hornfels
layers. The resultant migmatites, which show pull-apart (boudin) and breccia-like
(agmatitic) structures, show their greatest variety and development on the eastern
side of the intrusive complex. In general, the scale of leucosome development and
disruption in these rocks is < 0.5 m. We then describe leucocratic veins and sheets,
which are also widely distributed, but at the same time restricted in thickness and
abundance. One part of the aureole stands out in the field as showing evidence of
melt development and associated country-rock disruption on much larger scales. This
‘Chaotic Zone’ is on the western flank of the intrusive complex, and is the subject of
the last part of our account.

In the text, the terms leucocratic and melanocratic are used in a purely descrip-
tive and relative sense to indicate modal characteristics. The term leucosome is used
toindicate a leucocratic domain (extending over 1 cm), which appears to have formed
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9.6 Summary

1. In the above descriptions and their associated interpretations, we have
provided evidence of the widespread occurrence of localized partial melting in pelitic
and semi-pelitic lithologies in the immediate contact zone of the Ballachulish in-
trusive complex. This evidence is provided by the development of leucosomes as an
infilling in boudinage and breccia (agmatitic) structures, and the occurrence of
flowage and venous characteristics in small-scale leucocratic segregations. In detail
this evidence is strongly supported by textures indicating crystallization from melt.

2. The boudinage and breccia structures are probably the result of hydraulic
fracturing, caused by the build-up of relatively high fluid (meaning melt) pressures
due to melting, such that effective stresses were reduced and conditions for tensile
failure obtained.

3., An area on the western flank of the intrusive complex, the Chaotic Zone, shows
more extensive development of melt than elsewhere, leading to wider disruption of
pre-existing metasedimentary layering on the scale of metres. This more extensive
development of melt is associated with the area being underlain by the intrusive
complex, which contributed heat and possibly H2O to the overlying metasediments.

4. In the Chaotic Zone, some partially molten material appears to have undergone
bulk flow as a suspension of crystals within melt, suggesting that the critical melt
fraction of 30-35% has been exceeded. Elsewhere in the aureole, in the commoner
boudin-type structures, the melt fraction was probably usually less than the critical
melt fraction, because under the stress associated with hydraulic fracturing, the melt
appears to migrated through the solids into fractures, without transporting the solids
themselves.

5. Throughout the innermost aureole, and even in the Chaotic Zone, there was
limited flow of the melt and physical segregation of the melt from its associated
crystalline elements. Often, flow and segregation of the melt was limited to those
regions where there were local stress concentrations, caused by boudinage and
brecciation of the more rigid (less melt rich) metasedimentary layers as a result of
extensional (hydraulic) fracturing. Given ambient rock pressures of around 3 kbar,
rough calculations indicate that less than 10% melting may have been sufficient to
raise fluid (melt) pressures the necessary amount to promote such hydraulic fractur-
ing. The lack of occurrence of melt segregation by physical processes other than those
associated with extensional fracturing, was probably the result of the high viscosity
of the melt in combination with the short (less than 1.0 Ma) time span of melt
presence.

6. An exception to (5) above is provided by the occurrence of pervasive and
crosscutting veins in some rocks. The material forming these veins appears to have
been generated from within the rocks by partial melting, but was clearly sufficiently
mobile on the scale of metres to generate thin crosscutting leucosomes. These veins
are relatively late in origin and may owe their mobility to the concentration of
volatiles during the later stages of melt crystallization. Thus they may be partly
hydrothermal in origin.

7. It is exceptionally difficult in most of the partially melted rocks to identify
segments of material that represent melt compositions. This is partly due to the limited
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segregation of melt and crystalline material noted under (5) above. However it is also
related to the connectivity of even very small melt volumes within the solid rock
framework, and the redistribution of melt components during crystallization. Thus
there is evidence that diffusion of melt components through the largely static melt
network caused localized precipitation of different minerals during melt crystal-
lization. This chemical segregation of melt components often appears to have
enhanced modal differences in the rocks prior to melting, and led to the formation
of selvedges between different modal domains. The occurrence of such redistribution
of melt components during melt crystallization, may explain why simple composi-
tional relations between leucosomes, melanosomes and protoliths are rarely observed
in migmatites.
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Fig.9.1. Geological map of the Ballachulish intrusive complex and its aureole. The Zone V isograd
and the approximate isograd or outer limit of partial melting (see text) within the aureole are shown
close to the contacts with the intrusive complex. Particular localities referred to in the text are marked
by numbers: 7 area between intrusive complex and Allt Giubhsachain; 2 metasedimentary enclaves
west of Sgorr Dhearg; 3 contact zone (NN053531) by Coire Chaorain; 4 area south and west of
Kentallen; 5 ‘Chaotic Zone’

as a result of the contact metamorphism, and is therefore part of the neosome
(Ashworth 1985), but without implying the process of formation. Although the most
widespread migmatites at Ballachulish show boudin and breccia-like structures,
unlike those of the typical stromatic migmatites of regional metamorphic terranes,
we consider the term migmatite to be appropriate for them because they contain
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Fig. 92. Examples of leucosome development associated with boudinage and breccia structures. a
Metasedimentary layers (bedding) are seen dipping steeply to the right, with cordierite-rich layers
(centre) showing pull-apart structure infilled by narrow crosscutting leucosomes. Coin is 3 cm
across. NN008572, by Kentallen. b Cordierite-rich metasedimentary layer to the right and area with
agmatitic structure in centre and left. A boudinage-type leucosome crosscuts the cordierite-rich layer
and is in continuity with the leucocratic material of the agmatitic structure. NN057575 west of Allt
Guibhsachain

matrix of small-scale breccia-like or agmatitic structures. However, the dominant
feature of many of these boudinage-related leucosomes is their restricted continuity
across the layering, such that they often only form a roughly planar transect of one
or two metasedimentary layers (Fig. 9.2a; and Figs. 3, 4 and 7 of Pattison and Harte
1988). This behaviour is in marked contrast to the pervasive vein structures described
in Section 9.4.
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Fig. 9.3. Migmatitic rocks showing boudin-type structures. a Interbedded pelitic and semi-pelitic
material, showing: rigid, pulled apart, cordierite-rich layers (A); ductile, layers (B); and well
developed leucosome of infilling leucocratic material (C); scale in mm; see text for detailed
description. b Detail of part of a type-C leucosome, similar to those in a, showing quartz-core (Q)
and adjacent zone with cloudy-altered euhedral-subhedral K-feldspar (KF) and interstitial-xenomor-
phic quartz. NN058575, west of Allt Giubhsachain

More detail of the relations seen in migmatitic rocks showing structures of boudin
or partial brecciation type are illustrated in Fig. 9.3a. Three main compositional and
textural domains may be distinguished in hand specimen:

1. Type (A): Primary compositional layers (beds) that underwent brittle fracture
to form millimetre-centimetre-scale rectilinear fragments. The most conspicuous of
these layers are typically cordierite-rich.
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Fig.9.5. Small-scale structures shown by leucocratic material (small divisions on scales are in mm).
a Leucocratic network structure in cordierite-rich hornfels, showing typical irregular honeycomb
structure found in both Zones IV and V. b Coarser network of leucocratic ribs (very rich in potash
felspar) enclosing cells rich in cordierite and quartz. ¢ Laminated structure running parallel to the
original foliation. d Rock showing leucocratic network structure, as in a and b, but with development
of veinlets and linking of network structure with more regular and continuous veins
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addition, thicker veins (2-3 mm thick) may occur running oblique or parallel to
the original foliation. The thin network structure and associated veinlets may
connect with these thicker veins (Figs. 9.5d and 9.6), and thus indicate an
interconnecting system of veins of varying sizes. At the same time, the relations
are complex; sometimes the network and veins of different sizes appear to transect
one another (Fig. 9.6b), as though overlapping episodes of vein formation have
occurred.

Fig. 9.6. Small-scale leucocratic network structure passing into veinlets and connecting with more
continuous veins. In a the majority of the leucocratic network shows a predominant orientation from
upper right to lower left and a continuous passage to vein-like structures of similar orientation.
In b gradual transitions from an irregular network to veinlet structures are seen in many parts of the
photograph, but some of the thicker veins also appear to transect this structure. NN053531 by Coire
Chaorain (locality 3, Fig. 9.1)
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Fig. 9.7a. Interstitial-xenomorphic quartz (Q) showing a series of low angle penetrations along the
grain boundaries with K-feldspar (KF). Some K-feldspar shows euhedral extensions into the quartz
(figure is 0.5 mm across). b A group of several skeletal andalusite grains embedded in K-feldspar,
and tending to have a halo of K-feldspar alone. Biotite is prominent towards the edges of the
photograph (figure is 3.0 mm across). ¢ Interstitial-xenomorphic quartz (Q) within the cordierite-
rich (CD) domain of Fig. 9.5b (figure is 0.5 mm across). d Interstitial-poikilitic biotite (BT)
enclosing rounded-subhedral quartz (Q) grains (figure is 1.0 mm across.) All specimens from
Locality 1 (Fig. 9.1) except d which is from locality 5 (Chaotic Zone)
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9.4.1 Pervasive Crosscutting Vein Sets

The veins forming these sets very largely consist of quartz, K-feldspar, biotite,
plagioclase and late-stage muscovite. They have greater continuity and regularity of
development than the intimate networks of veinlets and veins described in Section
9.3, and are typically 2-10 mm thick (Fig. 9.8). The larger veins may be traced over
several metres or tens of metres and show some consistent orientations. Usually there

Fig. 9.8 a. Pervasive veins of subvertical orientation are cut across by crack-like alteration veins
running sub-horizontally. Both sets of veins traverse dominantly granular material of the Chaotic
Zone. b Pervasive veins (dipping steeply to the lef) cut across the general foliation (parallel to pen),
but branch to form veins running parallel to the foliation. The host rock varies between the laminated
and granular types of the Chaotic Zone
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Fig. 9.9. Rocks from the Chaotic Zone showing dominantly well-layered and laminated charac-
teristics. a The dominant trend of layering at this locality is left to right as given by the rocks in
lower part of photograph. In the centre, to left of hammer, is a rotated block of well-layered material,
with generally upright foliation and showing an upright fold. Thin veins, connecting with the
pervasive vein system, occur along the contact of the rotated block. b Well-layered and laminated
material of obvious metasedimentary character forms the left central part of the photograph with the
continuity of the layering and lamination becoming interrupted towards the right. More granular
material occurs at the top and bottom. Thin veins, which connect with the pervasive vein system, tend
to separate the laminated and granular material, and this is especially well seen at upper boundary
of the laminated rocks






