8 Petrography and Mineral Chemistry of Pelites

D.R.M. Pattison and B. Harte

8.1 Imtroduction

This chapter describes the petrography and mineral chemistry of an exceptionally
well-developed sequence of prograde mineral zones in pelitic and semipelitic rocks
in the Ballachulish aureole. Two schematic petrogenetic grids are derived: the first is
for mineral assemblages below the onset of partial melting, which define the mapped
isograds in Maps 1 and 2 and Figure. 8.1; and the second is for high-grade mineral
assemblages which occur sporadically within the zone of partial melting (Harte et al.,
Chap. 9, this Vol.) and within pelitic screens within the igneous complex. The two
grids, when linked, provide a continuous petrogenetic grid from the lowest to highest
grade in the aureole. In Pattison (Chap. 16, this Vol.) the continuous grid is calibrated
in P-T space.

Sixty-eight specimens were selected from the prograde mineral zones for mineral
chemical analysis. For the specimens below the zone of partial melting, emphasis is
place on: the variation with grade of Mg/(Mg + Fe) in coexisting chlorite, biotite and
cordierite; (Fe,Mg)Si = 2Al, the Tschermak exchange, in chlorite, muscovite and
biotite; K/K + Na in muscovite and biotite; and F and Ti in biotite. For the high grade
specimens, emphasis is placed on the compositional parameters that are required for
the geothermometric and geobarometric calculations in Pattison (Chap. 16, this Vol.).

The chapter closes with a short description and interpretation of textural evidence
for localized retrogression in the aureole.

8.2 Previous Work

The earliest descriptions of contact metamorphism around the Ballachulish Igneous
Complex were by MacCulloch (1817, p. 126), who noted the induration of the pelitic
schists near the contacts. Around the turn of the century, routine mapping and initial
petrographic analysis of the contact metamorphism by geologists of the Scottish
Geological Survey, including J.S.G. Wilson, J.J.H. Teall, J.S. Flett, and E.G. Bailey,
established the extent and principal petrographic features of contact metamorphism
(Bailey and Maufe 1960). Apart from studies by Neumann (1950) on the transition
of pyrite to pyrrhotite in the aureole, and by Muir (1953a,b) on the petrography of
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8.9 Summary

A concentric sequence of pelitic and semipelitic mineral assemblage zones has been
mapped around the Ballachulish Igneous complex. The width of the aureole, as
defined by the outer development of Zone II, varies from 400 m (NE contact) to 1700
m (E and W contacts). The width of individual subzones in the aureole are generally
proportional to these variations. The widest zones are adjacent to or enclose large
expanses of quartzite.

The prograde reactions in the aureole produce profound textural contrasts in the
metapelites. In Zone I-111, the pelites are relatively fissile, whilst in Zone IV and
at higher grades, assemblages with substantial modal development of K-feldspar and
cordierite are classic massive hornfelses.

The petrography of the mineral assemblages, including contact metamorphic
overprints of regional grade assemblages, have been described in detail. Schreine-
makers’ analysis of the main phases in the model pelitic system KFMASH has been
done on the assumption of H2O-bearing assemblages below the onset of anatexis,
and H,O-absent, melt-bearing assemblages in the anatectic zone. The modelled
reactions may be linked to provide a continuous schematic petrogenetic grid that
accounts for all of the assemblages in the Ballachulish aureole, and is also applicable
to other thermal aureoles.

Above the Ms + Qtz breakdown, separate prograde sequences of quartz-bearing
and quartz-absent assemblages are developed. The development of these relatively
uncommon quartz-absent assemblages is due to passage through prograde reactions
which consume large modal amounts of quartz.

The chemical variations of pelitic minerals from 60 contact and regional
specimens below the onset of anatexis, and 8 specimens from the anatecticzone, have
been examined. With the exception of specimens from the graphitic Ballachulish
Slate and those with F-rich biotite, the changes in Mg/(Mg + Fe) ratios for chlorite,
cordierite and biotite at different grades are consistent with those predicted by
continuous Fe-Mg reactions in the petrogenetic grid. Specimens that contain F-rich
biotite are anomalously magnesian, consistent with the theory of Fe-F avoidance in
biotite. Graphitic specimens in assemblage IVa are anomalously magnesian because
of the relative shift to more magnesian compositions of reaction P2a due to lowered
a(H20) (see Pattison, Chap. 16, this Vol.).

The Tschermak exchange, (Fe,Mg)Si =2 Al, operates sympathetically in coexist-
ing chlorite, muscovite and biotite in the various metamorphic zones. By treating
(Fe,Mg)Si = 2 Al as a general exchange vector that operates in all amenable phases,
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an isobaric T-X(Al-Si) diagram may be constructed that accounts for the distribution
of low grades assemblages in the Ballachulish area, and for the variation in Si content
of chlorite, muscovite and biotite in a variety of regional and contact metamorphic
assemblages.

A range of textural features in the pelites indicate localized hydrous retrogres-
sion in the aureole. Several of the textures suggest retrograde operation of a number
of the prograde reactions [e.g., (P1), (P2b) and (P4a)], and indicate that hydrous fluids
were variably present during cooling of the aureole, although not everywhere at the
same time and not necessarily in very large volumes. Pelites on the west flank (the
Chaotic Zone) are the most extensively retrogressed as well as showing the greatest
melting. Release of water from the underlying quartz diorite may be responsible
directly for their extensive melting, and both directly and indirectly responsible for
their extensive retrogression.
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xenoliths in the igneous complex, no further work was done on the aureole until the
commencement of this integrated study in 1981. Much of the material for this chapter
comes from Pattison (1985, 1987, 1989, 1991) and Pattison and Harte (1985, 1988).

8.3 Petrography of Metamorphic Zones
Up to the Onset of Partial Melting

Figure 8.1 shows the location of the prograde metamorphiczones around the igneous
complex. Figure 8.2 is a photograph of Fraochaidh, in the southern part of the aureole,
showing the distribution on the ground of the mineral zones. The metamorphiczones
were delineated by mineral identification in the field and by the examination of about
400 thin sections.

Fig. 8.2. Distribution of pelitic mineral zones on the mountain Fraochaidh, southern margin of the
igneous complex (see Map 2). Ornaments are the same as in Fig. 8.1. The broken squiggly line
represents the onset of partial melting. Note the more resistant, massive weathering outcrops in Zone
IV compared to Zone I1I. This is due to the production of large amounts of modal K-feldspar by
reaction P2b
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Fig. 8.1 Simplified geology of the Ballachulish Igneous Complex and contact aureole, showing the
mineral zones and location of specimens discussed in the text. For clarity, only quartzite and the four
main pelitic units have been shown. B represents both the Ballachulish Slate and Transition Series
(see Map 2). Specimen localities are given as black dots with adjacent specimen number



Table 8.2. Summary of mineral zones, diagnostic assemblages, and inferred model reactions in the Ballachulish aureole

Zone Subdivision Occurrence Diagnostic assemblage Model reaction Reaction
No.
Marginal zones I" IL:Chl:Bt All units Ms + Chl + Qtz £ Bt —_— -
(regional subzone
assemblages)
Ia: Grt + Bt Leven Schist Ms + Chl + Qtz + Bt + Grt Ms +3Chl + 3Qtz=4 Grt + Bt + 12 H,0 R5
subzone Creran Succession
Ms + Qtz Lower II:  Crd +Chl All units Ms + Chl + Qtz + Crd + Bt Ms + Chl +2 Qtz=Crd + Bt + 3.5 H.0 Pl
stable zones  cordierite zone
of contact zones 118 All units Ms + Qtz + Crd + Bt Chl consumed by reaction P1 —_
meta- [Chl] zone
morphism
Upper IV® IVa: And Ballachulish And + Bt + Qiz + Crd + Ms 2Ms+3Crd=70Qtz+8 And + 2Bt + 1.5H;0 P2a
cordierite assemblage Slate
zone
IVb: Kfs Creran Succession Kfs + Bt + Qtz + Crd £ Ms 6Ms+2Bt+150tz=3Crd + 8 Kfs + 6.5 H,O P2b
assemblage Leven Schist
Appin Phyllite
Ve All units Ms + Bt + Qtz + Crd + And (Sil) + Kfs Ms + Qtz = And (Sil) + Kfs + H20 P3
AlSiOs + Kfs V:Qtz Qtz-bearing Bt + Qtz + Crd + Kfs + And (Sil) 9Qtz+2Bt+6 And (Sil)=3Crd +2Kfs +0.5H,0  P4a
stable zones of assemblage pelites
contact
metamorphism Va: Mssubzone  Qtz-absent Ms + Bt + Crd + Kfs + And (Sil) 9Ms+3Crd=2Bt+15And (Sil) + 7TKfs + 85 H20  Pdb
pelites
[Ms + Bt + Crd + Kfs + And (Sil) + Crn] ~ Ms =Cm + Kfs + H2O P5
Vb: Crn subzone Bt + Crd + Kfs + And (Sil) + Crn 2Bt+15And (Sil)=9Crn+3Crd +2Kfs +05H:0 P6
Subzone of All units Same as Zones V but containing textures  Kfs + Qtz + H20 £ Bt + Pl=L  Crd £ ALSiOs —

partial melting

and structures suggestive of anatexis.
At highest grade, Grt + Hy may be
present in Qtz-bearing assemblages.
and Spl may be present in Qtz-absent
assemblages.

2Zone | represents regional grade assemblages, developed prior to contact metamorphism.
bZone IV contains two assemblages, [ Va and IVb, which are developed at approximately the same grade in rocks of different bulk composition (see text).
Zone V assemblages may be Qtz-bearing or Qtz-absent. The same Qtz-bearing assemblage occurs throughout zone V. In Qtz-absent rocks, a lower grade (Va) muscovite

subzone, and a higher grade (Vb) corundum subzone may be defined.
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Fig. 83. Zone II. Ballachulish Slate (collected east of DP116 on Fig. 8.1) showing incipient
development of cordierite spots on cleavage surfaces

Fig. 8.4. Zone II. Ballachulish Slate (DP116) showing ellipsoidal cordierite poikiloblasts elongate
parallel to the preexisting slaty cleavage. The apparent zonation in the cordierite is due to selective
pinitization. Long dimension of photo is 8 mm
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Fig. 85. Zone III. Appin Phyllite (DP126), showing an overall reduction in fissility and more
abundant and larger cordierite poikiloblasts than in Zone 11

Fig. 8.6. Zone III. Ballachulish Slate (DP163), showing the development of cordierite poikiloblasts
with irregular, patchy margins overgrowing the preexisting crenulated schistosity. Long dimension
of photo is 9 mm
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Fig.8.7. ZoneIV,assemblage IVa. Ballachulish Slate (SE contact) showing the random development
of andalusite prisms within crenulated cleavage planes. Note that the slate has retained its cleavage
from lower grades

pearance on cleavage planes in the slates. In specimens further within Zone 1V,
andalusite occurs more conspicuously in prisms up to 8 mm in length, randomly
orientated within the cleavage planes (Fig. 8.7).

In this section, the andalusite prisms typically have one or two sharp crystal
edges, but the other edges, and the core of the crystals, are ragged and intergrown
with quartz. Chiastolite texture is rare. The andalusite tends to occur adjacent to
cordierite poikiloblasts, with biotite and quartz typically partially surrounding the
andalusite or intergrown in its ragged edges. In some specimens, andalusite occurs
in aggregates of small (<50 pm) prisms, intergrown with quartz and biotite. In all
specimens, andalusite is unaltered. Sillimanite has not been observed in any of the
specimens.

The development of And + Bt + Qtz intergrowths upgrade of the Zone III
assemblage Ms + Crd + Bt + Qtz suggests the progress of the model divariant
KFMASH reaction:

2Ms+3Crd =8 And + 2 Bt + 7 Qtz + 1.5 H;O. (P2a)

All specimens with andalusite from Zone IV contain the full IVa assemblage Ms +
Crd + Bt + And + Qtz.

Zone IV in the Ballachulish Slate and Transition Series, characterized by the IVa
assemblage, is well developed in the southeast part of the aureole (Fig. 8.1), where
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it varies from 200-300 m in width. It has also been tentatively identified from field
observations in Transition Series outcrops on the east flank (Fig. 8.1; Map 2).

8.3.5.2 Assemblage I'Vb (K-Feldspar Assemblage)

Above Zone I11 in the Leven Schist, Creran Succession and Appin Phyllite, K-feldspar
appearsin the second of the Zone IV assemblages, Kfs+ Ms + Bt + Qtz+ Crd (assemblage
IVb). The development of K-feldspar produces adramatic textural change in the pelites:
relatively fissile Zone III phyllites pass upgrade into massive hornfels in Zone IV.

Going upgrade through Zone IV, muscovite decreases markedly in abundance.
Abundant ellipsoidal cordierite poikiloblasts typically weather down relative to the
surrounding K-feldspar rich matrix, producing a mesh- or net-like texture (Fig. 8.8).
The volumetric proportion of cordierite in the hornfels ranges up to 50%.

Fig. 8.8. Zone IV, as-
semblage IVb. Appin
Phyllite, 100 m east of
DP34, showing the mas-
sive recrystallized hornfels
characteristic of this zone.
Note the mesh or network
texture, defined by ran-
domly orientated,
weathered cordierite
poikiloblasts in a resistant
K-feldspar-rich matrix






