Igneous processes within late Precambrian
volcanic centres near Whitwick,
northwestern Charnwood Forest

John Carney

Abstract. Precambrian rocks in northwestern Charnwood Forest differ markedly
from their lateral equivalents to the east and south. They are subdivided into the
Whitwick Volcanic Complex, of massive to intensely brecciated high-silica andesites
and porphyritic dacites, and the Charnwood Lodge Volcanic Formation, which is a
thickly bedded sequence of mainly andesitic to dacitic volcanic breccias and lapilli-
tuffs. Lithological elements common to both of these units are indicated by field,
petrographical and geochemical evidence, which suggests the existence of two
‘genetic associations’ of rock-types. These associations, and various other units that
are distinctive to this region, form the basis of a model that views the Whitwick
Complex as an aggregation of magmatic feeder bodies that supplied material, in the
form of blocks and lapilli, to a volcaniclastic apron represented by the Charnwood
Lodge Formation. The analogues for these rocks can be drawn from the axial
magmatic zones of modern or geologically very young volcanic arc systems. The
high-silica (dacitic and rhyolitic) Charnian magmas were intruded into
unconsolidated wet sediments, resulting in physical interactions that generated
peperitic lithologies and related breccias. By contrast, the andesitic magmas may
have extruded subaerially as lava domes that periodically collapsed, giving rise to
block and ash pyroclastic flows and lahars.

Throughout an exposed thickness of 3500 m, the
Precambrian of Charnwood Forest is mainly a
stratified succession, showing sedimentary features
in keeping with deposition in fairly deep waters
(Moseley and Ford, 1989). The accumulation of
these strata at a time of active volcanism was
nevertheless recognised long ago (Jukes er al., in
Potter, 1842; Jukes, 1857, summarised in Watts,
1947, p.121-122), and has since been confirmed by
petrographic studies revealing that these rocks have
a high content of pyroclastic material. The term
‘volcaniclastic’ is given to sequences of this type
(terminology of Fisher, 1961; Fisher and
Schmincke, 1984), which encompass a wide
spectrum of clastic rocks composed in part or
entirely of volcanic fragments formed and deposited
by any mechanism. These fragments can be
epiclastic in origin, consisting of abraded grains
derived from the erosion of pre-existing volcanic
deposits, or they can be of pyroclastic origin, derived
directly from contemporary volcanic activity. These
pyroclastic rocks may consist of euhedral crystals or
angular crystal fragments, angular volcanic grains
and non-abraded shards and scoria that were once
glassy. Moseley and Ford (1985) gave the name
‘Charnian Supergroup’ to the stratiform rocks and it
is the various subdivisions of the Maplewell Group
that are among the main subjects of this account,
together with another highly significant unit, the
Whitwick Volcanic Complex, in the northwest.
These divisions are listed in Table 1 in their
stratigraphical and environmental context, and their
outcrop areas are given in Figure 1.

The abundance of pyroclastic constituents in the
Maplewell Group has prompted much speculation
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as to where the volcanic centres were located. Many
previous workers have proposed the northwestern
part of Charnwood Forest to be the most likely
magmatic source area (e.g. Hill and Bonney, 1891),
a suggestion which is supported by two types of
lithological variation. The first of these is a spatial
variation, which is developed on a regional scale
within the Maplewell Group, and has an important
bearing on the location of the Charnian volcanic
source(s). It involves a lateral transition from the
predominantly distal-facies volcaniclastic rocks that
characterise the Beacon Hill Formation, in the south
and east of Charnwood Forest, to a coarse-grained
proximal facies sequence that is represented by the
fragmental lithologies of the Charnwood Lodge
Volcanic Formation (Fig. 1, inset). The latter unit is
best developed in the present study area, where it is
closely associated with the Whitwick Volcanic
Complex, containing massive igneous rocks that
may be the remnants of magmatic feeder bodies
(Table 1). The second variation is temporal, and is
reflected by the up-section increase in pyroclastic
content from the Blackbrook Group, which largely
consists of tuffaceous rocks (with 25-75% of
pyroclastic constituents) to the Maplewell Group in
which tuffs (with over 75% of pyroclastic
constituents), or their reworked equivalents, are
more abundant. This is significant because it means
that the Maplewell Group — and hence the volcanic
region of north-west Charnwood Forest - contains
the youngest phase of Charnian volcanism. Clues to
the environment in which this volcanism occurred
are provided by geochemistry, reviewed more fully
below, which indicates that these rocks originated
within a volcanic arc tectonic setting. The Ilate
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Precambrian (Neoproterozoic III) age of the
Charnian arc is constrained by Ediacaran-type fossil
assemblages found throughout the sequence (e.g.
Boynton and Ford, 1995).

It should be noted that the Precambrian outcrop is
discontinuous owing to the extent of the Triassic
and Quaternary cover. Consequently, many
exposures do not include important contact
relationships and the various boundaries shown in
Figure 1 should be regarded as interpretations based
on rather meagre field evidence. Mapping problems
are exacerbated by the fact that the Whitwick
Complex and certain components of the
Charnwood Lodge Formation are unbedded, and so
provide little evidence for local structural dip. The
entire Charnian sequence has been recrystallized at
epizonal (mid- to high-greenschist) grades of
metamorphism (Merriman and Kemp, 1997), with
the synchronous development of a penetrative,
subvertical cleavage. Despite this, many delicate
original textures are preserved as relicts, enabling
these rocks to be classified petrographically.'

This paper describes the principal components of
the Whitwick Complex and Charnwood Lodge
Formation. Several units are involved, and a brief
guide to the main lithologies and their likely modes
of origin is therefore provided (Table 2). Given the
poor exposure of these rocks, much reliance is
placed on interpretations of lithology and petrology,
the aim being to assess the style of Charnian
volcanism by drawing comparisons with similar
lithologies from modern or geologically very young
volcanic arc systems.

' Thin sections (E numbers) were cut from samples collected
during the 1993-1996 re-survey of the Loughborough
geological map (sheet 141), and may be examined at BGS at
Keyworth.

Lithostratigraphy and geological setting

A formal terminology for rocks in or relevant to the
study area is presented in Table 1, which gives
stratigraphical correlations and outline
environmental information. This table highlights
possible links between the Whitwick Volcanic
Complex and Charnwood Lodge Volcanic
Formation by emphasising the occurrence of two
genetic associations, representing lithologies that
may have had a common origin from the same
episode of magma emplacement. Investigation of
these magmatic linkages is one of the major themes
of this account.

The Whitwick Volcanic Complex (Moseley and
Ford, 1985) is here restricted to include the non-
stratiform andesites and dacites that do not form
part of the Maplewell Group. It consists of massive
and brecciated igneous rocks that are in part faulted
against various units of the Charnwood Lodge
Volcanic Formation. The component lithologies
(Table 1) are termed: Peldar Dacite Breccia,
Grimley Andesite and Sharpley Porphyritic Dacite,
after the earlier names for the ‘porphyroids’ of this
region (Watts, 1947; Hill and Bonney, 1891). The
type locality is designated as Whitwick Quarry
(445158; all grid references belong to the ‘SK’
square), in which all of the three units are exposed
(Carney, 1994; fig. 10). ‘Grimley’ and ‘Peldar’-type
rocks also occur 3.5 km farther south, where they
constitute the Bardon Hill Volcanic Complex
(Carney, 1999; Carney and Pharaoh, 2000). In
reality. The Bardon and Whitwick complexes may
have belonged to the same magmatic feeder zone,
their present geographical separation being due to
subsequent faulting. The Whitwick Complex is
clearly not bedded, but an overall tabular geometry
is suggested for the unit by the fact that it broadly
follows the ‘envelope’ of outcrops that continues the
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Figure 1. Geological sketch map showing the distribution of the Precambrian rocks in north-west Charnwood Forest. Triassic strata
and Quaternary drift deposits are omitted, but cover about 70% of this area. The inset shows the position of the study area in relation
to the main outcrop of the Charnian Supergroup and Brand Group. This area is included in O.S. Sheet 129, and in BGS Sheets 141
(Loughborough) and 155 (Coalville), at 1: 50 000 scale. For explanation of Associations land 2, see caption to Table 1.
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Maplewell Group along strike to the southeast (Fig.
1, inset). Some of its components are fault-bounded,
with many offsets occurring along east to northeast
trending fault systems, as also featured by Bennett
et al. (1928, fig. 21).

The Charnwood Lodge Volcanic Formation is named
after the ‘Charnwood Lodge Member’ of Moseley
and Ford (1985); formational status is now favoured
because this 900-1000 m thick sequence can be
further subdivided into the members shown in Table
1. It is defined as the succession of thickly stratified
to massive, coarse tuffs, lapilli-tuffs and volcanic
breccias that crop out in northwest Charnwood
Forest, over the Blackbrook Reservoir Formation
(Blackbrook Group) and in turn overlain by the
Bradgate Formation which is the youngest
Maplewell Group component. Moseley and Ford
(1985) designated a type section for this unit in the
Charnwood Lodge Nature Reserve, between Flat
Hill (465161) and Warren Hills (461148), although
because of the sporadic exposure it is better to
regard this as a type area. A south-westerly regional
dip of between 40 and 500 is assumed, from what
little bedding is seen in the Charnwood Lodge and
adjacent formations, and from the structural
position of this area on the south-western flank of
the main Charnian anticline (Fig. 1).

Magmatic feeders and extrusive products

This section investigates the basis for two major
lithological associations, indicated in Table 1, that
together link the activity of the Whitwick Complex
to the genesis of certain rocks in the Charnwood
Lodge Volcanic Formation. The object is to
establish a model explaining the overall character of
Charnian volcanism, and in particular the relative
contributions made by the different magma sources
during accumulation of the flanking volcaniclastic
sequences.

The Grimley / Cademan Association

This association is defined by sparsely to moderately
porphyritic lithologies that encompass high-silica
andesite to low-silica dacite compositions (Fig. 9a).
An igneous component is represented by the
Grimley Andesite, whereas the Cademan Volcanic
Breccia is interpreted (below) as a complementary,
extrusive pyroclastic rock with fragments derived
from the Grimley Andesite.

Grimley Andesite forms a bifurcating, northwest
trending body with an estimated thickness of about
940 m. The various scattered outcrops suggest that
it narrows to the south-east, and is last seen in the
crags to the east of High Tor Farm (Locality 1, Fig.
1). The type area is between Whitwick Quarry
(447162), the crags around Cademan Street in
Whitwick village (437164), and the disused quarry
at Grimley Rock (434169). The only evidence for
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the unit’s relative age within the Whitwick Complex
is provided by an exposure on the south-western
face of Whitwick Quarry. This shows a dyke of
Grimley Andesite, about 20 m wide, with a
subvertical, chilled contact against Peldar Dacite
Breccia, which it must therefore pre-date.

Lithology. Exposures of Grimley Andesite show that it is
a grey-green, sparsely to moderately porphyritic lithology
(Table 3). Chemically analysed samples have silica
contents between 56 and 65%, with basaltic andesite,
andesite and low-silica dacite compositions all
represented (Fig. 9a). Although the Grimley Andesite
appears to be structureless, fresh surfaces commonly
reveal a shadowy breccia texture, which is a highly
significant feature of the lithology. Some of the most
accessible examples of this brecciated facies occur in
Whitwick village, on crags overlooking the garage yard on
the western side of Cademan Street (Loc. 2). There, a
northerly-trending contact, which is unexposed but
probably is a fault, brings in the brecciated facies on the
smooth rock surfaces that form the eastern part of the
exposure. The breccia features abundant, closely-packed
fragments that measure up to 0.2 m across. All of these
fragments consist of the same type of fine-grained
andesite. They are highly angular, with lozenge or
rectangular shapes (Fig. 2a). The larger of the fragments
commonly show internal orthogonal joints that are filled
by a fine-grained, green-grey crystalline material, which
also occupies the larger areas of matrix between individual
fragments. Many fragment margins can be fitted together,
producing a jigsaw-type of breccia structure (Fig. 2b). In
places this texture is developed on a very fine scale (Fig.
3a) and can only be detected on freshly hammered
surfaces.

Grimley Andesite exposed at Hob’s Hole (LLoc. 3) has a
heterogeneous, mottled appearance, which is not caused
by brecciation but is due to the presence of abundant
angular to wispy inclusions of dark green-grey andesite set
in a pale grey to cream matrix. In thin section (Fig. 2¢),
the green-grey andesite inclusions have aphanitic or
spherulitic textures and their dark colour is due to chlorite
and epidote. The abundance of these minerals indicates
that the inclusions are more mafic in composition than
typical Grimley Andesite, which here is represented by the
surrounding leucocratic, microcrystalline andesite or
dacite.

Petrography. Most Grimley Andesite lithologies
compare with the sample from Grimley Rock, illustrated
in Figure 3b. This has microcrystalline to
cryptocrystalline textures dominated by interlocking,
commonly polygonal, quartzo-feldspathic aggregates. The
andesite or dacite fragments in the brecciated facies of the
Grimley Andesite also have this texture. The matrix
between these fragments is of a coarser grain size (Fig.
3a), however, and in many samples of brecciated andesite
it includes well-crystallized aggregates of chlorite and
epidote, suggestive of hydrothermal or metamorphic types
of mineral assemblage. Intergranular textures occur less
commonly in the Grimley Andesite, an example being a
fragment from the brecciated andesite facies in Whitwick
Quarry in which groundmass plagioclase laths show
fluxional alignment and are interspersed with Fe-Ti oxide
granules and secondary white mica/chlorite aggregates
(Fig. 3¢).

Cademan Volcanic Breccia Member is about
450 m thick in its type area, between High Cademan
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Figure 2. Lithologies of the Grimley Andesite and the
Cademan Volcanic Breccia Member.

a. Exposure of brecciated Grimley Andesite at Cademan
Street, Whitwick (437164), with the outline of a discrete,
highly angular andesite fragment (f).

b. Slabbed specimen (JNC569), about 80 mm wide,
representing part of Figure 2a and showing closely packed
andesite fragments with jigsaw fit.

c. Photomicrograph (E67538) of heterogeneous Grimley
Andesite from Hob’s Hole (436174); the dark grey, angular
to wispy areas (w) represent aphanitic, chlorite-rich
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fragments of ?basaltic andesite separated by more leucocratic,
microcrystalline andesite or dacite. Field of view is about 5
mm wide.

d. Exposure of Cademan Volcanic Breccia at Calvary Rock
(434172); the smooth rock faces represent an outsized dacite
block (0), to right of hammer, surrounded by the lapilli-grade
breccia matrix (br) enclosing a smaller dacite block (b).

e. Exposure of Cademan Volcanic Breccia in Grace
Dieu Wood (435175). To the right of the photo, highly
angular dacite blocks occur in clusters that show jigsaw
fit.
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(442169) and the northern end of Grace Dieu Wood
(434176). These rocks were included by Watts
(1947) within his ‘Bomb-rocks’ category, and
mapped as part of the Whitwick Complex by
Moseley and Ford (1985). The Cademan Breccia
has been distinguished here (Table 1), because it
differs in two respects from the breccias that are
thickly interbedded in the undivided part of the
Charnwood Lodge Formation (see below). Firstly,
the Cademan Breccia does not appear to be
interbedded with other pyroclastic lithologies, and
secondly, it generally occurs in close proximity to the
main mass of the Grimley Andesite (Fig. 1). The
blocks in the Cademan Breccia are of a similar
lithology to the non-brecciated parts of the Grimley
Andesite, and are also chemically similar, although
slightly more silica-rich, plotting in the low-silica
dacite field of Figure 9a. Despite these similarities,
and the close field association between the two units,
no clear contacts between the Cademan Breccia and
Grimley Andesite are exposed.

Lithology. The spectacular monomictic breccias at
Calvary Rock (Loc. 4) show most of the lithological
features summarised in Table 3. They contain abundant
clasts, commonly of block size (in excess of 64 mm), with
rectangular to subspherical shapes, the margins of which
vary from being subrounded to highly angular. It is
common to see both rounded-off and angular corners in
the same individual clast. The block-size clasts typically
stand proud on weathered surfaces, unlike the fragments
in the brecciated facies of the Grimley Andesite. They are
0.7 m across on average, but some exposures feature very
large blocks, over 2 m across (Fig. 2d). The matrix to
these breccias is very coarse-grained to lapilli-grade (1-64
mm size clasts), and is poorly sorted with abundant lithic
fragments and crystals. Variations in the ratio of matrix to
clast constituents are seen at Calvary Rock, and also near
Broad Hill (Loc. 5), where the matrix locally occupies 50-
70% of some breccias. These matrix-rich rocks remain
poorly sorted, with larger clasts scattered about, but the
latter are relatively small in size (up to several centimetres
across) when compared to blocks in the more typical
Cademan Breccia lithology. A distinctive variant of
breccia occurs in Grace Dieu Wood, north-west of
Hob's Hole (Loc. 6). It features well-jointed and
highly angular blocks of the usual fine-grained, sparsely
porphyritic  dacite, some so close to each other that
their outlines have a jigsaw fit (Fig. 2e). Between these
blocks is a poorly sorted, mainly lapilli-grade matrix
consisting of lithic fragments and euhedral or fragmented
plagioclase crystals. Farther north, and west (ILoc. 7), in
Grace Dieu Wood, there are breccias in which the
andesite blocks have cream to pale pink colours, in
marked contrast to the coarse-grained, grey-green breccia
matrix.

High Cademan is the only area where outcrops of the
Cademan Volcanic Breccia and Grimley Andesite are
observed close together. On the eastern flank of High
Cademan (Loc. 8, 442169) most exposures show the
rough rock surfaces and large blocks typical of the
Cademan Volcanic Breccia. This breccia texture
disappears westwards, however, and the summit of High
Cademan is occupied by a massive, smooth-surfaced
lithology equated with Grimley Andesite. The contact
between the two is hidden, but immediately east some
outcrops show metre-scale alternations, apparently
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between Cademan Breccia and relatively more massive
Grimley Andesite. This layering dips about 550 to NE
020, but an original vertical attitude results if a correction
is made for the presumed 40-500 south-westward regional
dip. Cademan Volcanic Breccia exposed farther north
(439171) shows prominent planar surfaces that are
inclined south-westwards, in the inferred regional dip
direction. A rare exposure of a contact occurs by the
footpath down the western flank of Temple Hill (Loc. 9),
where volcanic breccia rests on a 50 mm-thick, dark grey,
fine-grained fragmental layer. The latter is unique
amongst the rocks sampled to date, in that it is composed
of slivers or irregular masses of glassy volcanic rock
showing well preserved perlitic texture (Fig. 3d). The
layer is underlain by a grey, feldspar-rich andesite,
suggesting that the glassy lithology may represent part of
the latter’s brecciated chilled margin.

Petrography. Dacite blocks in the Cademan Volcanic
Breccia have predominantly microcrystalline to crypto-
crystalline textures. At the Calvary Rock exposures,
phenocrysts are small and include sporadic quartz and up
to 30% of heavily altered euhedral plagioclase; these
blocks also contain prismatic chloritic pseudomorphs after
original hornblende. A thin section of a breccia block from
west of Grace Dieu Wood (Loc. 7) features a
microcrystalline groundmass that is typical of these
lithologies. This sample shows textural heterogeneity,
which is imparted by abundant rounded, elliptical or
veinlet-like segregations of better-crystallized quartzo-
feldspathic material (Fig. 3e). In the same thin section
there are domains that preserve shadowy, circular,
microcrystalline areas reminiscent of a recrystallized
spherulitic or micropoikilitic texture. Thin sections of the
the jigsaw breccias described at Loc. 6 show that in the
matrix between the blocks, lithic fragments locally
predominate over plagioclase crystals. These lithic grains
range from fine-ash to lapilli size and although they mostly
have microcrystalline to cryptocrystalline textures, one
lapilli-size clast (15 mm across) is of finely equigranular
quartz microdiorite (Fig. 3f).

Interpretation of Grimley/Cademan Association:
In the Cademan Breccia Member, the abundance of
blocks suggests deposition by gravity processes
operating in an environment of steep slopes. Angular
corners indicate that many blocks experienced
minimal abrasion, with those that are more rounded
testifying to abrasion produced by clast collisions
during transport. Metres-size blocks, some with
jigsaw textures, indicate in situ fragmentation prior
to consolidation of the deposit. The monomictic
nature of the Cademan Breccia, and the fact that its
clasts are closely similar in appearance and
petrography to the Grimley Andesite (compare Figs.
3a&b with 3e&f) are features suggesting a genetic
link between the two. For example, the Grimley
Andesite may be a lava flow with the Cademan
Breccia as the autobrecciated part of the lava.
Alternatively, the Grimley Andesite could have been
extruded as volcanic domes, with the Cademan
Breccia representing their brecciated margins and
talus and/or the deposits of block and ash pyroclastic
flows that originated from the disintegration and
collapse of the domes as recently witnessed on
Montserrat (Young et al., 1998).
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Figure 3. Photomicrographs of rocks from the Grimley/
Cademan association.

a. Grimley Andesite microbreccia (E67539) south-east of
Hob’s Hole (437174), with angular fragments of crypto-
crystalline andesite (dark grey areas) in a coarser leucocratic
microcrystalline matrix; field of view is 5 mm wide.

b. Grimley Andesite sample (E67535) from Grimley Rock
(434169) showing microcrystalline to cryptocrystalline
groundmass texture and magmatically corroded quartz
phenocryst (at lower left); field of view is about 5 mm wide.
c. Grimley Andesite (E67549) from Whitwick Quarry,
showing intergranular texture and fluxional alignment of
plagioclase laths; field of view is about 7 mm wide.

d. Possible chilled margin (E67532) from a contact between
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andesite and ?Cademan Volcanic Breccia on western flank of
Temple Hill (437168). Circular areas of recrystallized perlitic
volcanic glass are seen below ‘p’; the field of view is 3 mm
wide.

e. Dacite block (E67543) from the Cademan Volcanic
Breccia in western Grace Dieu Wood (432173). A
microcrystalline to cryptocrystalline groundmass has diffuse
quartz-rich areas (just right of ‘x’); field of view is 2 mm wide.
f. Matrix to the Cademan Volcanic Breccia (E67542) from
the locality shown in Figure 2e. The fragments include
equigranular quartz-microdiorite, at right-hand margin of
photo, but more commonly are of ragged-margined
cryptocrystalline dacite (cp); field of view is 3 mm wide.
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Because of poor exposure, contact relationships
are not sufficiently clear to differentiate between
these hypotheses. However, apart from in the High
Cademan area, the lack of intercalation of the two
units does not support the idea that the Cademan
Breccia represents an autobreccia of Grimley
Andesite lavas. On the other hand, the textures of
the Cademan blocks are generally cryptocrystalline
or microcrystalline, albeit with some variation in the
degree of crystallinity. They are similar to the many
examples given by Murphy and Marsh (1993) of
‘dense’, non-vesicular and non-glassy material
produced by repeated recrystallization within
relatively slowly emplaced subvolcanic to extrusive
domes or vent-filling dome plugs. The preferred
interpretation is that the Grimley Andesite was
emplaced in intrusive/extrusive domes, and the
Cademan Breccia represents the brecciated margin
or talus apron of the domes or, as suggested in
Figure 10, block and ash pyroclastic flows generated
by the collapse and disintegration of the domes.
Such flows, once initiated, would travel down the
sides of the volcanic edifices essentially as debris
avalanches. Examples of the latter from the
volcaniclastic apron of Ruapehu volcano in New
Zealand show jigsaw-type clasts (McPhie ez al.,
1993, plate 36.3) similar to parts of the Cademan
Breccia.

Internal brecciation is an integral feature of the
Grimley Andesite, and may have occurred in the late
syn-volcanic environment, where processes such as
autobrecciation or hydraulic fracturing (Cas and
Wright, 1987) would be expected to operate during
inflation of a consolidated extrusive andesite dome.
The well-documented 1995-1997 eruptive phase of
Montserrat offers a possible modern analogue for
this type of deformation, which may be associated
with the generation of the ‘hybrid earthquake’
swarms that were detected at shallow depths
immediately beneath the active crater into which the
domes were rising (Miller ez al., 1998). These
earthquakes were attributed to multiple
hydrofracturing events during the build up of
conduit gas pressure (Voight ez al., 1999).

The heterogeneous sample of Grimley Andesite
shown in Figure 2c may suggest that mixing has
occurred between magmas of contrasting
composition. This should be established by
chemical analysis of the mafic inclusions, but if
confirmed it would be an important observation,
since magma mixing may have been involved in
triggering eruptions at Montserrat (Murphy et al.,
1998).

A subaerial environment for the Grimley dome
extrusion in Association 1 is suggested by the
general lack of evidence for interaction with water or
water-saturated sediment. In the absence of criteria
such as sedimentary structures in fine-grained facies,
this must remain a speculative conclusion.
Subaqueous deposition of the Cademan Breccia is
nevertheless a possibility, by analogy with the
volcanism of Montserrat, where block and ash

14

pyroclastic flows originating from sequential dome
collapses have formed a fan complex that has
prograded into the surrounding sea (Cole et al.,
1998). The great thickness of the Cademan Breccia
militates against it being a single block and ash
pyroclastic flow, but could suggest an origin as a
series of amalgamated flows deposited on a
subaqueous fan (Fig. 10). Variations in the
proportions of matrix and clasts in the Cademan
Breccia suggest that it may have a degree of
stratification in keeping with an amalgamated flow
origin. The accumulation of thick pyroclastic
sequences would be favoured by ‘ponding’ of the
various flows, perhaps against the wall of a caldera
that contained the rising domes. It would be
expected from this that block and ash pyroclastic
flows would be thickest at their final resting site,
some distance away from their point of origin. This
is clearly not in keeping with the close field
association seen here between the Grimley Andesite
and very thickly developed Cademan Breccia. If this
region experienced a long history of multiple dome
activity, however, the present Grimley Andesite
could represent the root zones of younger magmatic
domes that had risen through pre-existing
volcaniclastic accumulations that included the
Cademan Breccia (Fig. 10).

The Sharpley / Swannymote Association

This association is defined by highly porphyritic
(plagioclase-quartz) lithologies that in chemical
terms encompass dacitic and rhyolitic compositions
(Fig. 9a). The Sharpley Porphyritic Dacite
represents a possible shallow-level intrusive igneous
rock, whereas the Swannymote Volcanic Breccia
Member may be a complementary breccia
component (e.g. Table 3) containung fragments
from the Sharpley Dacite.

Sharpley Porphyritic Dacite is massive and
homo-geneous, with 40-50% of phenocrysts
represented by large (up to 10 mm) white
plagioclase feldspar and subordinate but equally
large, rounded, green-grey quartz (Table 2). The
fine-grained groundmass has a grey to lavender
colour on fresh surfaces, becoming pale grey when
weathered. Silica contents are 70-72%, suggesting a
dacitic to rhyolitic composition (Fig. 9a); however,
the possible mobilisation of silica in the post-
magmatic, metamorphic environment is a constraint
on rock classifications based solely on chemical
compositions. The principal exposures and the type
locality are around High Sharpley (448171), and the
unit maps out (Fig. 1) as a fault-segmented
northwest trending body that may be up to 600 m
thick in places.

The most obvious primary structure of the High
Sharpley exposures consists of prominent planar
surfaces inclined towards the southwest, parallel to
the inferred regional dip. Viewed in plan, these
surfaces display systems of rectangular to polygonal-
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Figure 4. Lithologies of the Sharpley Porphyritic Dacite and
the Swannymote Breccia Member.

a. Sharpley Porphyritic Dacite exposed on High Sharpley
(448171), with polygonal jointing pattern.

b. Slabbed specimen of Swannymote Breccia (JNC 501)
from an exposure to the west of Swannymote Rock (445172);
complex intermixing has occurred between the crystal-rich
breccia matrix (br) and darker-toned volcaniclastic siltstone.
The slab is about 50 mm wide.

c. Typical appearance of the Swannymote Brecc