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VARIATION IN THE FINE-GRAINED GRANITES OF THE LAND'S END PLUTON
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The Land's End granite comprises two predominant granite types, coarse-grained granite (CGG) and fine-grained granite (FGG). The FGG
occurs as a series of isolated bodies within the predominant CGG. Recent work has demonstrated considerable differences between the
separate FGG bodies, in terms of texture, mineralogy and the nature of their contact and age relationships with the surrounding CGG. Three
main types of FGG have been recognised: sparsely-megacrystic bodies, moderately or abundantly megacrystic bodies and later, nonmegacrystic sheets. The commonest megacryst phases are tabular alkali-feldspar and quartz with plagioclase, biotite and cordierite also being
present. Certain FGGs contain alkali-feldspar megacrysts with textures that suggest fluctuations in chemical and/or physical conditions
during the rock's formative history. Other textures, such as vermicular quartz in alkali-feldspar fringes, are unevenly distributed between the
individual FGGs and together provide a useful means of characterization. The diversity indicates that the Land's End FGGs represent a series
of discrete intrusions covering the life-span of the pluton's formation.
S. Salmon and T. Powell, Division of Earth Sciences, University of Derby, Kedleston Road, Derby DE22 1GB.

INTRODUCTION
The Land's End granite occupies most of the West Penwith
peninsula and is the most westerly mainland pluton of the Cornubian
batholith. The pluton was intruded into Devonian meta-sedimentary
and meta-volcanic rocks (Goode and Taylor, 1988). The Land's End
Granite consists predominantly of coarse-grained granite (CGG,
defined according to the classification of Dangerfield and Hawkes,
1981), associated with which are a number of bodies of fine-grained
granite (FGG). Most of the granites are megacrystic, with the
commonest megacryst phases being alkali-feldspar and quartz. In the
early memoir (Reid and Flett, 1907) only two FGG bodies are
described. Extensive mapping in the intervening years has revealed a
much greater number of FGG bodies and these are shown in Figure 1.
Published interpretations of the form and origin of the FGGs, together
with their role in the development of the pluton, have varied (see
Salmon, 1994, for a brief review). Reid and Flett (ibid.) refer to veins
of the Castle an Dinas mass penetrating the CGG, prompting them to
describe the FGG as "the newer granite". In the recent memoir, Goode
and Taylor (1988) suggest that, based on limited field evidence the
FGG occurs as flat-lying, sheet-like enclaves within the CGG.
Many topical ideas on the formation of granite plutons and batholiths
are far removed from the traditional concept of large-scale diapiric
emplacement (see Pitcher, 1993 for a review). It is now recognised
that many granite bodies developed by multiple emplacement of
discrete batches of magma over a protracted period of time. Detailed
studies indicate that there is considerable scope for interaction
between the coexisting magmas involved, at emplacement level and
deeper. A typical study by Pembroke and D'Lemos (1996) on the
South West Granite Complex of Jersey, C.I. has shown that the
granites which make up a pluton preserve the evidence of these
interactions in the form of contact relationships and disequilibrium
mineral textures. Many of the textures described by Pembroke and
D'Lemos (ibid.) and similar studies can be recognised in the granites
of the Land's End pluton. Recent work has shown that the pluton is
made up of a number of identifiably discrete granite bodies.
Geochronological investigations (Chen et al., 1993; Clark et al., 1993)
have led to the suggestion that the pluton consists of two separate
intrusive domains, the "Zennor Lobe" and the "St Buryan Lobe", the
component granites of each lobe being broadly coeval. The aim of this
paper is to describe the field relationships and certain distinctive
petrographic features of the various FGG bodies, in order to
demonstrate that they should be regarded as separate entities when

considering their place in the evolution of the Land's End pluton.
EMPLACEMENT CHRONOLOGY
Contacts between the inland bodies of FGG and their surrounding
CGG are obscured, the only clues to age relationships being from the
literature. However, coastal exposures generally display good contact
relationships, many of which indicate that FGG and CGG were present
as coexisting magmas (Salmon, 1994, 1997). It is usually possible to
determine which of the magmas was in place first, thus allowing the
formulation of an emplacement chronology. Evidence includes the
veining of the early rock by the later, the presence of the early rock as
enclaves within the later and a clear discordance between the contact
and the alignment of megacrysts within the earlier rock (such
discordance indicating that the earlier of the two magmas was at an
advanced stage of crystallization, possibly close to its Theological
critical melt fraction, and thus able to maintain its textural integrity). The
results are summarised in Table 1 and indicate a spread of emplacement
ages relative to the CGG.
At Chair Ladder (Figure 1), are a series of FGG enclaves, ranging in
size from c. 10 cm in diameter up to c. 50 x 300 m (Salmon, 1994). On
the cliffs the base of very large enclaves can be seen. The contacts are
lobate, with apophyses of CGG, some of which are cylindrical,
intruding upwards into the FGG (Salmon, 1994). At Porth Loe, just east
of Chair Ladder, similar relationships can be seen. Here the undulose
base of the FGG is again exposed. Contacts are sharp, with alkalifeldspar megacrysts of the FGG impinging onto the contact and being
slightly discordant to it (Salmon, 1994). The relationships at Chair
Ladder and Porth Loe indicate that the two granites came together as
coexisting magmas, with the FGG being the earliest of the two, and that
both of the magmas already contained alkali-feldspar megacrysts.
At Carn Gloose, just south of Cape Cornwall (Figure 1), a body of
FGG is in contact with the country rocks which make up the Cape. The
FGG extends southwards for c. 400 m and inland for at least 250 m. On
its southern margin the FGG is in contact with a body of nonmegacrystic CGG. The contact is irregular or undulose and varies from
sharp to fairly sharp (i.e. gradational over a few mm). Numerous veins
of CGG invade the FGG, the resultant masses being generally
subrounded but occasionally subangular (Figure 2a). Numerous small,
subrounded enclaves of FGG occur within the CGG. Again, the
relationships indicate that the two were coexisting magmas, with the
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Both present as coexisting magmas, but
FGG predates CGG:
CG, CB, PL, CL, LE (?)
--------------------------------Both present as coexisting magmas, but
FGG postdates CGG:
TV, TC
--------------------------------Late sheets intruding solid CGG:
BZ, PP, SP (?)
Table 1. Chronology of emplacement of FGG bodies relative to
surrounding CGG. Contact relationships for the remaining FGG bodies
are not exposed. Abbreviations as in Figure 1.

Figure 1. Simplified geological map of the West Penwith peninsula,
Cornwall, showing the distribution of the fine-grained granite bodies.
Modified after Goode and Saylor, 1988.

FGG being earlier. Similar contact and age relationships occur at Carn
Boel, just south of Land's End (Figure 1).
At Trevean Cliff on the north coast of the peninsula (Figure 1) is a
small body of FGG. The western margin is either obscured or
inaccessible. At sea level, the contact on the eastern margin is
undulose and gradational over a couple of mm. Occasional sinuous
veins of FGG can be seen within the CGG, although it is not certain
whether these are connected to the FGG body. Towards the top of the
cliff, the upper margin of the FGG can be observed along the foot of
Rosemergy Towers [SW 413 362]. Here the contact is irregular or
undulose with an apparent dip towards the north-east of c. 20°. In
places the contact is discordant to the very good alignment of
megacrysts in the CGG, a number of which impinge on the contact.
The contact relationships indicate that the two granites were present as
coexisting magmas and that the FGG was emplaced into the CGG.
At Treen Cliff, near Porthcurno (Figure 1) is another small body
of FGG. The upper surface of the FGG is in contact with CGG, the
contact being irregular, or undulose on the metre or multi-metre scale,
dipping towards the north-east. The contact varies from sharp to fairly
sharp, with crystals of the CGG impinging upon it. A single large,
rounded enclave of FGG has been observed within the CGG above the
contact. Veins of FGG intrude the CGG and are discordant to
megacryst alignment within it. Contact relationships exposed at beach
level are much more complex. At this level the FGG is in contact with
a body of densely megacrystic CGG and there is much evidence of
magma-mingling. Towards the eastern margin, densely-megacrystic
CGG underlies the FGG (Figures 2b and 2c). Concentrations of
megacrysts within the FGG suggest a degree of localised magmamixing. Rounded enclaves of FGG occur within the CGG. At the
western margin the situation is equally complex, if not more so. Here,
the densely-megacrystic CGG is more variable. Indistinct veins of

CGG, usually little more than concentrations of megacrysts, occur
within the FGG, isolating rounded masses of it (Figure 2d), and
providing further evidence of localised magma-mixing. Rounded
enclaves of FGG also occur within the CGG. The relationships
reinforce the impression formed at the eastern margin, that the
densely-megacrystic CGG was emplaced later than the FGG.
However, there are certain relationships which appear to be
contradictory, such as occasional sinuous veins of FGG intruding the
CGG (Figure 2e).
Deciphering the complex contact relationships in terms of
emplacement chronology is difficult as the evidence is sometimes
ambiguous or contradictory. Contact relationships along the upper
surface of the FGG indicate that the two granites came together as
coexisting magmas, with veins of FGG indicating that it was later.
The presence of a rounded FGG enclave within the CGG appears to
contradict this, but it may well have become detached during
emplacement. The overall form of the FGG suggests an irregular

FGG
KJ
PL
CL
TC
CQ
CG
KM
TV
CH
BD
LE
CB
PG
CD
SP
BZ
PP

Abundance
Abundant
Abundant
Abundant
Abundant
Abundant
Moderate
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Sparse
Absent
Absent
Absent
Absent

Megacrysts
A-F, Qtz, Bio, Pl
A-F, Qtz, Bio, Pl
A-F, Qtz, Bio, Pl
A-F, Qtz
A-F, Qtz, Bio
A-F, Qtz
A-F
A-F, Qtz
A-F, (occ. Qtz)
A-F, (occ. Qtz)
A-F, Qtz
A-F, Qtz, Pl
A-F, Qtz

Key: Abundant: >10%; Moderate: 5 - 10%; Sparse:
<5% (terminology modified after
Goode and Taylor. 1988).
Table 2. Occurrence and abundance of megacrysts. Cordierite, which
occurs as an accessory mineral, is also present as a megacryst in most
FGGs. Key: A-F: alkali feldspar, Qtz: quartz; Bio: biotite; Pl:
plagioclase. FGG abbreviations as in Figure 1.
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Figure 2. Contact relationships between fine-grained and coarse-grained granites. a) Non-megacrystic coarse-grained granite (pale) intruding finegrained granite below Carn Gloose. Note undulose or lobate contacts and sub-rounded fine-grained granite enclaves. Width of view c. 2m. b) Lobate
contact between fine-grained granite (dark) and underlying densely-megacrystic coarse-grained granite, foot of Treen Cliff Note concentration of
megacrysts within the fine-grained granite to the right of hammer head, suggesting a degree of magma-mixing. c) Close up of left side of 2b (located
by tourmaline clots) showing the magmatic nature of the contact, with megacrysts impinging upon it. d) Gradational contacts and localised mixing
between fine-grained granite (dark) and densely-megacrystic coarse-grained granite, towards western margin of Treen Cliff. Incursions of the
coarse-grained granite isolate subrounded masses of fine-grained granite. Width of view c. 2 m. e) A sinuous vein of fine-grained granite intruding
densely-megacrystic coarse-grained granite, near western margin of Treen Cliff. f) A large sheet of fine-grained granite (base of foreground cliffs)
intruding coarse-grained granite, Bosistow Zawn. The planar upper surface of the sheet is indicated between the arrows. Height of cliffs c. 30 m.

dome-shaped body, which may have been emplaced diapirically into
the CGG magma. Relationships at beach level are typical of those
seen in magma-mingled igneous complexes and clearly indicate that
these two granites were also present as coexisting magmas.
The two CGGs above and below the FGG are distinctly different.
That above is typical of the CGG which extends westwards towards
Chair Ladder and eastwards towards Treryn Dinas, i.e. it is the
predominant CGG type hereabouts. The densely megacrystic CGG is
atypical and exposures of it appear to be confined to this localised
area. The differences, together with the time relationships described

above, lead the authors to suggest that there may be two distinct
CGGs present. It is suggested that the FGG intruded the upper CGG
when the latter was substantially crystallized (probably close to its
critical melt fraction). A short time later the apparently small body of
densely-megacrystic CGG magma was emplaced and extensively
intermingled with the FGG magma. However, no contacts between
the two postulated CGGs have been observed.
At the landward end of the headland of Treryn Dinas, c. 500 m
south-east of Treen Cliff, a single, angular enclave of FGG, with
feldspar and quartz megacrysts, has been observed within CGG. It
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MEGACRYSTS
Many of the FGGs contain megacrysts, crystal phases which are
noticeably larger than the surrounding groundmass. The term
megacryst is preferred to phenocryst as the genetic origin of certain
phases is open to debate. The occurrence and abundance of
megacrysts are summarised in Table 2.
ALKALI-FELDSPAR

Figure 3. Sketch showing the typical shape of eustructural, medium
integrity alkali feldspar megacrysts (see text).

resembles the FGG at Treen Cliff. The angular shape and sharp
outlines indicate that the enclave was solid when incorporated into the
CGG. This may be a fragment of a different FGG body to that at
Treen Cliff (other FGG bodies are present in this area of the Land's
End pluton). If so, it would have to be considerably older than that at
Treen. Alternatively, it may be a fragment of the Treen Cliff FGG
caught up in yet another CGG. If this were the case, this CGG would
have to be considerably younger than the CGGs at Treen. Either way,
this single enclave serves to reinforce the complexity of the Land's
End granite, with a number of FGG and CGG bodies being emplaced
at different times.
At Pellitras Point (Figure 1) and extending to the north-west, is an
irregular sheet-like body of FGG referred to by Salmon (1994) as the
Pellitras Granite (PELG). The upper surface of the PELG is in sharp
contact with FGG, cross-cutting individual alkali-feldspar megacrysts
in the FGG. The base of the PELG is in sharp contact with CGG. The
contact relationships suggest that both the CGG and FGG were solid
when the Pellitras granite was emplaced.
In Bosistow Zawn (Figure 1) the lower half of the cliffs is
occupied by a sub-horizontal sheet of FGG. An offshoot of similar
rock forms a ridge just south-east of the zawn. The rock weathers to a
pink-beige colour and has an equigranular, aplitic, texture. Tourmaline
is present in clusters or aggregates up to 4 mm across. The upper
surface of the sheet in Bosistow zawn is planar and dips gently to the
north-east (Figure 20. The actual contact is inaccessible to close
examination, but it appears sharp and the sheet clearly post-dates the
CGG. Appearances suggest that the CGG was solid when the FGG
was emplaced.
Reid and Flett (1907) describe a quarry near Sennen working a
fine-grained granitic rock which they describe as elvan. From their
description of the locality and of the rock itself, it seems likely that the
quarry now forms Sennen Pond (Figure 1). Based on observations
made at the time, the rock was described as a dyke. It therefore seems
likely that the FGG exposed at Sennen Pond forms part of another
late, sheet-like intrusion.

The presence of tabular alkali-feldspar megacrysts is one of the
most distinctive features of the granites which make up the Land's
End pluton (and much of the Cornubian batholith). They are present in
all of the megacrystic FGGs, where they vary in both size and
abundance. The megacrysts are usually tabular and up to c. 100 mm in
length. Local megacryst alignment is interpreted as being due to
magmatic flow (Salmon, 1994), indicating that the megacrysts were
present at an early stage when the magma was still capable of
movement (sluggish though it might have been) within the magma
chamber. Early interpretations (Stone and Austin, 1961; Exley and
Stone, 1964, 1982; Booth, 1968; Hawkes, 1968; Booth and Exley,
1987; Exley and Edmondson, 1993) suggested that the alkali-feldspar
megacrysts were of late-stage or metasomatic origin. However, it is
now generally accepted (e.g. Goode and Taylor, 1988; Clark et al.,
1993; Salmon, 1994) that they are phenocrysts.
Although macroscopically appearing to be euhedral, most lack
true crystal faces when viewed microscopically. The megacryst habit
is best described as eustructural (good crystal structure), medium
integrity (incomplete or irregular surfaces) using Hibbard's (1995)
scheme (Figure 3). The small amount of overgrowth corresponds with
the latter stages of crystallization of residual liquid. Vernon (1986)
explained these textures in terms of nucleation rates for K-feldspar in
granitic melts. Although other phases (which may have higher
nucleation rates but slower growth rates) could be growing at the same
time as the alkali-feldspars (which have lower nucleation rates but
faster growth rates), the feldspars will grow unhindered until the
majority of liquid is used up, whereupon they will only be able to
continue to grow by "interpenetration with other growing minerals". A
number of FGG bodies have alkali-feldspar megacrysts with distinct
plagioclase mantles (rapakivi texture) which are discussed below.
Zonally arranged inclusions are often present, the commonest being
sub- to euhedral plagioclase crystals which are usually arranged
parallel to crystal faces and concentrated towards the margins of the
megacryst. Quartz and (less commonly) biotite also occur as
inclusions.
PLAGIOCLASE
Field observations of certain FGGs indicate a distinct bimodal size
distribution of feldspar megacrysts. In these instances, microscopic
examination reveals that the majority of the feldspars occupying the
smaller size range are plagioclase (Table 2). The plagioclase
megacrysts are subhedral or euhedral and generally equant or tabular

Table 3. Distribution of accessory minerals. Abbreviations as in Figure 1.
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Figure 4. Some textural features of fine-grained granites. a) Plagioclase glomerocryst, Porth Loe. The distinct pale zone (arrowed) truncates earlier
zones. b) Subrounded quartz aggregate megacryst, Chair Ladder. c) Quartz crystal with ramifying margin which encloses groundmass minerals,
Castle an Dinas (from Powell, 1996). d) Rapakivi texture: alkali-feldspar megacryst with a thin, almost continuous mantle of plagioclase, Chair
Ladder. e) Detail of a plagioclase mantle on alkali feldspar (in extinction) which consists mostly of subhedral plagioclase inclusions, Porth Loe. f) Detail of
sericitised plagioclase mantle on alkali-feldspar (in extinction) showing the boxy, cellular nature of the alkali-feldspar core, Crean Quarry (from
Powell, 1996). g) Granophyric texture occupying a subhedral alkali-feldspar crystal, Polgigga. h) Detail of alkali-feldspar with vermicular quartz
occupying part of the marginal overgrowth, Chair Ladder. To an extent, the vermicules define the original, euhedral shape of the crystal.
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Table 4. Distribution of alkali feldspar textures. Abbreviations as in Figure 1.

in habit. In the FGG at Chair Ladder, Porth Loe and Treen Cliff,
plagioclase megacrysts occur as glomerophyric clusters (Figure 4a)
formed by the process of synneusis (Vance, 1969).
Plagioclase megacrysts in certain FGGs display well-developed
concentric, oscillatory zoning, revealing a complex crystallization
history for the FGG in question. In some, a distinct pale growth zone
(occasionally more than one) is visible (c.f. Figure 4a). Occasionally
these pale zones truncate earlier zones, suggesting punctuated growth
with a period of resorption. The pale zone may correspond to a 'calcic
spike' which was recognised (A. Clark, 1998, pers. comm.) during
microprobe analysis of plagioclase crystals from Chair Ladder. Such
phenomena may be due to changes in the composition of the
surrounding liquid and have been interpreted elsewhere (e.g. Hibbard,
1995) as indicating a pulse of mixing between granitic and more
mafic magmas. Mafic microgranular enclaves which are scattered
throughout the Land's End granites may provide evidence of such an
event (Lister, 1984; Stimac et al., 1995). It has been suggested
(Stimac et al., 1995) that these enclaves represent the remains of
coeval mafic melt which played an important role in the formation
and evolution of the batholith. Alkali-feldspar megacrysts present in
many of the enclaves are interpreted as evidence of mixing between
the coexisting mafic and granitic melts.
QUARTZ
Quartz megacrysts (either single crystals or anhedral aggregates)
are present in many of the FGGs (Table 2 and Figure 4b). The
smooth, rounded surfaces of many quartz aggregates is in marked
contrast to the interfaces between the crystals which make up the
aggregate. Single crystal megacrysts are generally sub-rounded,
occasionally subhedral. Small embayments are not uncommon. In
some FGGs, including Castle an Dinas, Porth Loe, Chair Ladder and
Treen Cliff, a proportion of quartz megacrysts have a ramifying
texture, their margins enveloping groundmass crystals (Figure 4c) and
indicating some late-stage overgrowth. Occasionally the overgrowths
have a graphic or granophyric texture. The inhomogeneous
distribution of such textures within a single rock type is problematical,
suggesting that conditions were not homogeneous throughout the
crystallizing magma. A possible explanation is the presence of cryptic
felsic enclaves resulting from mixing between granitic magmas (c.f.
Pembroke and D'Lemos, 1996). In certain FGGs, including Cam
Kenidjack and Crean Quarry, quartz megacrysts have microfractures
which do not extend into the surrounding groundmass.
CORDIERITE
Cordierite, which occurs as an accessory mineral in most FGGs
(Table 3), also appears to have been an early crystallizing phase. It
forms stubby euhedral, hexagonal prisms up to 12 mm long. No fresh
cordierite crystals have been observed, all having been altered to
pinite, a mixture of muscovite, chlorite and other secondary minerals.

The status of cordierite megacrysts is open to some debate. Reid and
Flett (1907) describe them as "porphyritic minerals" implying that the
cordierite crystals are phenocrysts. Elsewhere in the Cornish granites,
cordierite crystals have been described as xenocrysts (Brammall and
Harwood, 1932). Clarke (1995) has shown that cordierites can indeed
crystallize from a melt, provided that the P-T-X conditions are
favourable, but accepts that discerning the true origin is a difficult
task. The relative size and euhedral shape suggest that the Land's End
cordierites are magmatic.
MINERALOGY
The major minerals present in the FGGs are quartz, akalifeldspar
(orthoclase), plagioclase (albite-oligoclase), biotite and muscovite. All
FGGs plot within the monzonitic (plagioclase-rich) side of the granite
field on a quartz - alkali-feldspar - plagioclase diagram. Accessory
mineralogy shows a little more variation, but does still not provide a
conclusive method of characterizing the individual FGG bodies.
While Fe-oxides, pinitised cordierite, fluorite, orange (in ppl)
tourmaline and zircon are widespread, other accessory minerals, such
as andalusite, apatite and topaz and blue-green tourmaline, appear to
be much more restricted in their range and abundance (Table 3). The
orange tourmaline is the earlier of the two and is considered to be a
primary magmatic phase, while the later, blue variety is thought to be
the result of late-stage hydrothermal circulation of boron-rich fluids
(London and Manning, 1995).
ALKALI-FELDSPAR TEXTURES
Pembroke and D'Lemos (1996) demonstrated the diversity of
mineral textures commonly found in composite granite plutons. In the
Land's End pluton, alkali-feldspar textures are very useful in
discriminating between the various FGG bodies. These textures are
described below and their occurrence is summarised in Table 4.
PATCH PERTHITE
Most alkali-feldspar crystals are perthitic to some degree. The
perthites generally take the form of thin stringers, occasionally braids
(Smith, 1974; Deer et al., 1992). In a number of FGGs the perthites
are much thicker, so that the albite-twinning in the perthites is clearly
visible. These are referred to as patch perthites. Patch perthites have
been variously interpreted as being due to Na-metasomatism (Deer et
al., 1992) and replacement (Smith, 1974). Parsons (1978) suggested
that perthite coarsening may be controlled primarily by an increase in
water-pressure as crystallization proceeds.
RAPAKIVI TEXTURE
Rapakivi texture occurs in a number of FGGs, all of which are
concentrated around the south-western edge of the pluton (Table 4 and
Figure 1). A number of these (Chair Ladder, Porth Loe and Treen
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Cliff) have abundant evidence for magma mingling between CGG and
FGG, with localised evidence that a degree of mixing took place
between granite magmas during emplacement. The plagioclase
mantles, which are usually quite extensively sericitized, take two
slightly different forms. On many megacrysts the mantle is relatively
thin (compared to the size of the megacryst) and continuous (Figure
4d). In others, the mantle contains numerous individual tabular or lathshaped plagioclase crystals (Figure 4e), often surrounded by a
continuous or semi-continuous plagioclase rim. Occasionally the
alkali-feldspar core has a boxy, cellular texture, particularly around its
margin so that the core-mantle interface is irregular (Figure 40. A
number of hypotheses have been proposed for the formation of
rapakivi texture (see Rano and Haapala, 1995, and references therein).
Changes in physical conditions or modifications to the chemical
composition of the residual liquid will bring about changes in phase
relations, causing plagioclase to crystallize and nucleate on the preexisting alkali-feldspar megacrysts. One explanation is magmamixing, though it seems unlikely that mixing between granitic
magmas would bring about the chemical changes necessary to
promote plagioclase crystallization instead of alkali-feldspar. The
usual interpretation is mixing between acid and basic magma. The
presence of mafic microgranular enclaves in the granite may provide
evidence for such a process prior to emplacement (Stimac et al.,
1995).
MUSCOVITE REPLACEMENT
In a number of FGGs, alkali-feldspar contains symplectic
intergrowths of muscovite. The texture is more widespread than other
alkali-feldspar textures throughout the FGGs and is almost certainly
due to late-stage replacement brought about by hydro-thermal aqueous
fluids. The corresponding process with regard to plagioclase,
sericitization, is also widespread throughout the FGGs.
GRANOPHYRE
Granophyre, in which the granophyric texture is contained within
individual alkali-feldspar crystals, is present in appreciable amounts in
only three of the FGG bodies, those at Carn Boel, Polgigga-and
Pellitras Point (Table 4). It is most widespread and distinctive in the
Polgigga granite (Figure 4g). At Polgigga, which is sparsely
megacrystic, the granophyre is contained within a minority of the
groundmass alkali-feldspar crystals. The crystals containing the
granophyre are larger than most in the groundmass, generally 1 - 1.25
mm. They are mostly tabular and subhedral. In some crystals, the
granophyre has nucleated on, and defines the shape of, an inner
growth surface. The formation of granophyre is due to simultaneous
crystallization of quartz and alkali-feldspar (Fenn, 1986) and is often
interpreted as being due to rapid crystal growth (e.g. Smith, 1974;
Ramakrishnan and Battacharyya, 1985; Lowenstein et al., 1997). The
presence of granophyre in only a portion of the alkali-feldspar
population in a single rock suggests a change in magmatic conditions
during crystallization. This change, which appears to have been
relatively abrupt, may have been brought about by emplacement or
incorporation of the relatively small body of FGG magma into a
volumetrically larger magma body.
VERMICULAR QUARTZ
The alkali-feldspar megacrysts in most of the FGGs have a
eustructural, medium integrity habit (described above). In a number of
FGGs, vermicular quartz intergrowths are present within the margins,
their inward terminations often defining the original euhedral shape of
the megacryst (Figure 4h). The texture resembles that of certain
varieties of myrmekite. The occurrence is localised, the vermicules are
not present throughout the full circumference of the individual
megacrysts. Nor are they present on all megacrysts. Often the

vermicules do not display optical continuity, indicating that in some
populations certain individual vermicules grew discretely. So, even
though quartz and alkali-feldspar growth was simultaneous during the
latter stages of megacryst development, the growth of individual
vermicules within identifiable groups was not always
contemporaneous. This is contrary to the situation in graphic or
granophyric intergrowths, where all of the quartz is in optical
continuity (see above). The vermicules do not always extend to the
outer edge of the feldspar, suggesting that a period of quartz plus
feldspar growth was followed by a final period of alkali-feldspar only
growth.
QUARTZ BLEBS
In a couple of FGGs (Carn Kenidjack and Land's End), alkalifeldspar megacrysts have a zone, just inwards of the margin, which
contains numerous blebs (or beads) of quartz. The blebs are usually
rounded but may also be anhedral or subhedral. All within individual
feldspar crystals tend to be of a similar size. Quartz blebs may define
an inner growth face in the megacryst, but this is not always so well
delineated as it is with the vermicular quartz. The quartz blebs are not
usually in optical continuity, suggesting that they were not formed by
a process of simultaneous or contemporaneous growth. More likely
they are the result of incorporation of quartz crystals, whose
appearance in the surrounding melt could indicate a temporary shift in
conditions governing phase relations. Similar textures are present in
granites from Sorel Point, Jersey (Salmon, 1992) whose textures
suggest that they are hybrids.
SUMMARY AND CONCLUSION
The fine-grained granite bodies which make up parts of the Land's
End granite display a number of petrographic variations. Field
relationships reveal significant variations in their temporal
relationships with the predominant coarse-grained granites. Although
a definitive emplacement chronology is not yet possible, it can be
shown that FGGs were being emplaced throughout the development
of the pluton. This raises the question of why they are all fine-grained.
Fine grain size is the result of increased nucleation at the expense of
crystal growth. The simplest way of achieving this is by undercooling,
although processes such as decompression and sudden volatile loss
can bring about the same result. In the case of the earlier FGGs (e.g.
Carn Gloose, Chair Ladder, Porth Loe) it might be suggested that
emplacement into cool, brittle country rocks would bring about the
undercooling necessary. However, only Carn Gloose is demonstrably
in contact with country rocks, although the overall form of the pluton
suggests that many of the FGGs were close to the original margin.
The later FGGs (e.g. Trevean, Treen) would have been emplaced into
a thermal regime which would have been higher and would not be
expected to bring about significant degrees of undercooling. Textural
variations displayed by alkali-feldspar crystals, are particularly useful
in differentiating between the individual fine-grained granites. Many
textures, particularly those exhibited by feldspars, suggest periodic
changes in either the composition of the surrounding melt, or in the
conditions which govern phase relations. One process which may
account for such changes is magma-mixing, either prior to or during
emplacement. Mixing between magmas with different viscosities
and/or crystal contents is a physically difficult process and would
almost certainly result in chemical and textural inhomogeneity
(Hibbard, 1981). Processes such as decompression combined with
increasing PH2O, which can produce similar textures, would be
expected to produce widespread effects and not the inhomogeneity
seen (Pembroke and D'Lemos, 1996). The processes involved in the
formation of the FGGs are currently under investigation as part of a
re-appraisal of the Land's End granite. In conclusion, no two finegrained granites of the Land's End pluton are exactly alike and they
should be regarded as separate entities when considering their role in
the formation and development of the pluton.
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