Early Devonian rift-related felsic igneous rocks

EARLY DEVONIAN RIFT-RELATED FELSIC IGNEOUS
WESTERN LOOE BASIN, SOUTH-WEST ENGLAND

ROCKS IN THE

L.R.G. PENFOUND-MARKS AND R.K. SHAIL

Penfound-Marks, L.R.G. and Shail, R.K. 2015. Early Devonian rift-related felsic igneous rocks in the western Looe Basin,
South-West England. Geoscience in South-West England, 13, 471-482.
The Looe Basin records the extension of South-West England continental lithosphere during the Early Devonian. Its syn-rift infill,
comprising the essentially non-marine Dartmouth Group (?Lochkovian-Pragian) and largely marine Meadfoot Group (PragianEmsian), includes low volume bimodal intrusive and extrusive igneous rocks that are predominantly mafic. Felsic igneous rocks
are rare and have been described from several locations in the eastern Looe Basin, most notably the area around Whympston,
south of Modbury, where they have also been investigated for their mineralisation potential. In the western Looe Basin a single
occurrence, the poorly exposed Hendra Felsite, was recognised by Ussher during re-mapping of the Bodmin sheet at the beginning
of the 20th Century. Previously undescribed Early Devonian felsic igneous rocks, defined here as the Hoblyn’s Cove Felsite, crop
out in the structurally complex coastal section through the Start-Perranporth Zone between Ligger Point and Holywell Bay. The
felsites exhibit bedding-parallel contacts with the host Trendrean Mudstone Formation (Meadfoot Group), share its Variscan high
strain composite S1/S2 fabric, and are interpreted to have originated as horizontal quartz- and feldspar-phyric rhyolite sills. Thinlybedded crystal-lithic volcaniclastic sandstones, sandy mudstones and possible felsic pyroclastic rocks occur in the host rock
succession in the vicinity of the intrusive felsite sheets and suggest that felsic magmatism was both contemporaneous with
sedimentation and had a volcanic expression. Contemporaneous felsic magmatism is compatible with previous suggestions of a
sedimentary or volcanic exhalative origin for the earliest sulphide-rich paragenesis of the nearby Perran Iron Lode. The felsite
whole-rock trace element geochemistry is similar to that reported for Early Devonian felsites from the eastern Looe Basin. The
Hoblyn’s Cove Felsite and associated volcaniclastic and pyroclastic rocks were re-orientated, during latest Carboniferous-early
Permian post-Variscan extension, to their sub-vertical attitude within the steep limb of the large-scale S-verging monoformal F3 fold
that defines the Start-Perranporth Zone. Early Permian elvans are readily distinguished from the Early Devonian felsites by their
lack of Variscan foliation and distinctive trace element whole-rock geochemistry (low Zr, high P2O5 at low TiO2).
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INTRODUCTION
During the Devonian and Early Carboniferous, much of
South-West England comprised a series of rift basins that were
infilled with terrestrial and marine sedimentary rocks and
subordinate rift-related igneous rocks (Floyd et al., 1993;
Leveridge and Hartley, 2006). Magmatism was bimodal but is
overwhelmingly represented by mafic igneous rocks that occur
as high-level intrusive sheets, lavas and volcaniclastic rocks
(e.g. Floyd et al., 1993; Merriman et al., 2000; Leveridge and
Hartley, 2006). Felsic igneous rocks are far less abundant and
commonly occur as small bodies that are too small to be
represented on geological maps. Several occurrences have
been described from the eastern Looe Basin where they were
first recognised by Ussher during re-mapping of South Devon
(Ussher, 1903, 1904, 1912). Some of these locations have
attracted further investigation (Durrance, 1985; Jones and Floyd,
2000) and have been evaluated as potential sites of
volcanogenic or exhalative mineralisation (Leake et al., 1985,
1992).

The purpose of this contribution is to describe two locations
in the western Looe Basin where felsic igneous rocks are hosted
by Early Devonian sedimentary rocks of the Meadfoot Group.
One of these locations, Hendra, is very poorly exposed and was
briefly described by Ussher et al. (1909). The other, at Hoblyn’s
Cove, is very well exposed but occurs within the complexly
deformed Start-Perranporth Zone and has not previously been
described. At both locations Early Permian post-Variscan felsic
igneous rocks also crop out as intrusive microgranite sheets or
‘elvans’. Data are presented on the field relations, petrography
and whole-rock geochemistry of the Early Devonian felsites
that: (i) demonstrate their characteristics and how they can be
readily distinguished from the Early Permian elvans, and (ii)
allow comparison with more extensively studied Early
Devonian rift-related felsites in the eastern Looe Basin.
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PREVIOUS

WORK

Looe Basin tectonics and stratigraphy
The Looe Basin (Figure 1) was defined by Leveridge et al.
(2002) and represents the earliest and most southerly rift basin
formed during the development of the Rhenohercynian
proximal passive margin of South-West England (Leveridge and
Hartley, 2006; Shail and Leveridge, 2009). Modern descriptions
of the stratigraphy of the Looe Basin have resulted from British
Geological Survey re-mapping of the Plymouth sheet (Leveridge
et al., 2002), Torquay sheet (Leveridge et al., 2003) and
Newquay sheet (Hollick et al., 2006, 2014). Syntheses of
Devonian rift basin evolution have been provided by Leveridge
and Hartley (2006) and Leveridge (2011).
The lower part of the Looe Basin succession is formed by the
essentially non-marine Dartmouth Group (?Lochkovian-Pragian)
that is dominated by sandstones and mudstones deposited in
alluvial, fluvial and lacustrine environments that were
influenced by rifting (Smith and Humphreys, 1991; Leveridge et
al., 2002; Leveridge, 2011). The overlying Meadfoot Group
(Pragian-Emsian) comprises mudstones, sandstones, limestones
and local conglomerates that, in Devon and south-east
Cornwall, were largely deposited in offshore to shallow marine
environments (Leveridge and Hartley, 2006; Leveridge, 2011).
Farther west, the Meadfoot Group includes deeper and/or more
distal marine environments that may represent the infill of more
southerly half-graben sub-basins (Leveridge, 2008; Hollick et al.,
2006, 2014).

Structural geology
During the Carboniferous the Looe Basin succession
underwent two episodes of Variscan convergence-related
deformation (D1 and D2) resulting in the development of thrust
and transfer faults, folds and foliations that are generally
compatible with a top sense-of-shear towards the NNW (e.g.
Leveridge et al., 2002; Leveridge and Hartley, 2006). All
successions have undergone diagenetic to epizone low-grade
regional metamorphism (Warr et al., 1991; Leveridge et al.,
2002). A third deformation episode (D3) occurred during the
latest Carboniferous to Early Permian and resulted from postVariscan regional NNW-SSE extension that brought about
reactivation of earlier thrust faults and the local development of
folds and foliations compatible with a top sense-of-shear to the
SSE (Alexander and Shail, 1995; Leveridge and Hartley, 2006;
Shail and Leveridge, 2009).
The Start-Perranporth Zone (SPZ) represents a structurally
complex area, up to 5 km in width, towards the southern
margin crop of the Looe Basin, that is characterised by a steeply

inclined fabric (Dearman, 1971; Holdsworth, 1989). Several
authors have inferred that this steep zone is the short limb of a
large-scale southwards-facing monoform that re-orientated
earlier fabrics during regional D2 or D3 deformation
(Sanderson, 1971; Shackleton et al., 1982; Coward and McClay,
1983) whereas others have emphasised the role of strike-slip or
transpressional tectonics in forming primary and secondary
steep fabrics (Holdsworth, 1989; Steele, 1994). The most recent
interpretations suggest that the steep fabric is composite,
comprising bedding (S0), primary (S1) and high strain
secondary (S2) cleavages, and was initially formed during
Variscan convergence, but re-orientated during the
development of a large-scale monoform during regional D3
extensional reactivation (Alexander, 1997; Shail and Leveridge,
2005, 2009; Hollick et al., 2014).

Mafic magmatism in the Looe Basin
Low volume rift-related intrusive and extrusive mafic
magmatic activity occurs throughout the crop of the Dartmouth
and Meadfoot groups and is mostly considered as
approximately contemporaneous (Ussher, 1903, 1904, 1912;
Ussher et al., 1909; Reid and Scrivenor, 1906; Leveridge et al.,
2002). Thin intrusive sheets of basalt and dolerite predominate
but larger bodies do occur as well as rare gabbros (Leveridge et
al., 2002). Basaltic lavas and volcaniclastic rocks are generally
minor but form a significant component of the Bin Down
Formation (Dartmouth Group) where the geochemical analysis
of samples from the Widegates Borehole resulted in rocks
previously mapped as felsites (Ussher, 1907) being
reinterpreted as basaltic tuffs, hyaloclastites and brecciated
basalt that had undergone pre-burial silicification (Leveridge et
al., 2002). The geochemistry of the mafic igneous rocks shows
almost all to be overwhelmingly within-plate sub-alkali, alkali
and tholeiitic basalts compatible with generation by rifting of
continental lithosphere (Floyd, 1982; Merriman et al., 2000;
Leveridge et al., 2002). The geochemical and isotopic data are
compatible with either an asthenospheric source that has been
modified by crustal contamination or a lithospheric mantle
source that had previously undergone enrichment during preDevonian subduction (Merriman et al., 2000).

Felsic magmatism in the eastern Looe Basin
Pre-Variscan felsic igneous rocks in the eastern Looe Basin
were first tentatively described within the Dartmouth Group at
Blackpool Sands, near Dartmouth, by Ussher (1903), although
these might be silicified mafic igneous rocks. Other minor
occurrences of felsic intrusive igneous rocks within the

Figure 1. Simplified geological map of the Looe Basin showing the distribution of Lower Devonian pre-Variscan felsic igneous rocks,
primarily Whympston in the east and Hendra in the west, together with the location of the previously undescribed felsic rocks at Hoblyn’s
Cove that are the focus of this study. Permian granites and the principal associated rhyolite / microgranite sheets (‘elvans’) are also shown.
Geological Map Data ©NERC 2015.
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Meadfoot and Dartmouth groups around Thurlestone and
Blackaterry (Bigbury Bay) described by Ussher (1904) were
reinterpreted as altered feldspathic tuffs by Durrance (1985).
More substantive exposures of sheared and altered felsic
igneous rocks, occurring at several levels within the Dartmouth
Group were mapped over a strike length of c. 4 km around
Whympston, south of Modbury (Figure 1), and described in
detail by Ussher (1912), who emphasised their pre-folding age
and distinctiveness relative to the post-folding elvans. Durrance
(1985) provided petrographical detail and whole-rock
geochemical analyses and suggested that these rocks originated
as rhyolites and rhyolitic tuffs that had undergone variable
silicification prior to Variscan deformation. Further geochemical
analyses of felsic rocks, derived from boreholes in the
Whympston area, were presented by Leake et al. (1992) and
Jones and Floyd (2000). The latter authors indicated that most
rocks corresponded to intrusive medium/high-K calc-alkali
rhyolites and dacites and were consistent with an origin as
within-plate A-type granites developed during the early stages
of rifting.

Felsic magmatism in the western Looe Basin
The Hendra Felsite, interpreted as a quartz porphyry sill, has
dimensions of c. 1.1 x 0.1 km (Figures 1 and 3) and was
recognised and mapped by Ussher et al. (1909). It was defined
largely using field brash but in situ material was confirmed at
one location. The quartz porphyry was composed of ‘greatly
crushed’ phenocrysts of quartz and potash feldspar and
exhibited a lenticular foliation in part defined by secondary
sericitic mica (Figure 2). No tourmaline was observed, in
contrast to nearby elvans, and the rock was unequivocally
interpreted as being of pre-folding age (Ussher et al., 1909).

Figure 2. Photomicrograph presented in Ussher et al. (1909) of the
Hendra Felsite showing foliated porphyritic texture with secondary
sericitic mica and fractured quartz phenocrysts. Specimen E5507
in the BGS Mineralogy and Petrology collection. See also E5506
and
E5507
at
http://www.bgs.ac.uk/data/britrocks.html.
Reproduced with the permission of the British Geological Survey
©NERC. All rights Reserved.

Early Permian post-Variscan magmatism
The generation and emplacement of the Cornubian Batholith
occurred during the Early Permian and was accompanied by a
suite of steeply inclined intrusive sheets of microgranite and
rhyolite (‘elvans’), up to 10s of metres in width (e.g. Chen et al.,
1993; Scrivener, 2006). The distribution and characteristics of
elvans in the westernmost part of the Looe Basin has been
described by Reid and Scrivenor (1906), Ussher et al. (1909),
Goode (1973), Henley (1974b) and Hollick et al. (2014). The
emplacement of elvans was typically controlled by fault systems
developed during the Early Permian post-Variscan extensional
tectonic regime (Shail and Wilkinson, 1994) and they do not
possess the Variscan fabrics of their Devonian host rocks.

FIELD

RELATIONS

The two study locations are the poorly exposed inland site
at Hendra, as described by Ussher et al. (1909), and the coastal
exposures at Hoblyn’s Cove (Figure 1). Both locations are
within the Meadfoot Group and also host Early Permian elvans.
Emphasis is placed on Hoblyn’s Cove as Devonian felsic
igneous rocks have not been previously described in any detail
from this coastal section. Henley (1974a) suggested that ‘a few
tuffaceous horizons’ were present in the Meadfoot Slates
between Penhale Point and Ligger Point.

Figure 3. Map showing the location of the Early Devonian Hendra
Felsite and Early Permian elvans, including the Tremore Elvan,
identified by Ussher et al. (1909). Note the contrast in felsite
thickness and geometry with respect to the elvans. The locations of
samples used for petrographical and geochemical analysis are
shown. Reproduced with the permission of the British Geological
Survey ©NERC. All rights Reserved. Contains Ordnance Survey
materials © Crown copyright (1974) OS licence number
100040280.

Hendra Felsite
The Hendra Felsite was sampled from field brash near
Hendra Farm (Figure 3). Hand specimens are typically pale
brown-grey and possess a weak foliation. A porphyritic texture
is exhibited with subhedral-anhedral 3-15 mm diameter
plagioclase feldspar phenocrysts (40%) and subhedral 0.5-5 mm
diameter quartz phenocrysts (15%) set within a <1 mm brown,

partially kaolinised felsic groundmass (45%). Field brash
samples of both the felsite and enclosing Bovisand Formation
mudrocks and sandstones contain folded quartz veins. Samples
of the nearby elvans, including the Tremore Elvan described by
Ussher et al. (1909), were obtained for comparative
petrographical and geochemical analysis (Figure 3).
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Hoblyn’s Cove Felsite
The previously mapped geology of the area between
Holywell Bay and Perran Beach, including Hoblyn’s Cove, is
shown in Figure 4. The Devonian succession has been reassigned to the newly defined Trendrean Mudstone Formation
of mid-Emsian or younger age (Hollick et al., 2014). A largerscale sketch section of the principal geological features
between Penhale Point and Cotty’s Point, including the
Hoblyn’s Cove Felsite and elvans, is presented in Figure 5. The
Trendrean Mudstone Formation comprises three main facies:
1)

Uniform mudstone beds, locally pyritic, with sparse silt and
very fine sand laminae.

2)

Thin- to medium beds of fine, medium and coarse feldsparrich sandstones (commonly muddy).

3)

Thin beds of sandstone with subordinate mudstone and
siltstone.

The coastal section between Holywell Bay and Perran Beach
forms the westernmost exposure of the Start-Perranporth Zone
and the structural geology is dominated by D3 structures.
These comprise a series of mesoscale S to SW verging F3
monoformal folds that incorporate smaller S-verging F3 folds
with an axial planar, moderately N-, NW- or NE- dipping, S3
cleavage that locally transposes earlier fabrics. The S-dipping
S1 cleavage is parallel to bedding (S0) and the S2 cleavage is

Figure 4. Extracts of Geological Survey 1:50,000 maps of the Holywell Bay to Perran Beach area showing the location of Hoblyn’s Cove
(outlined in red) after (a) Geological Survey of Great Britain (England & Wales) (1981) and (b) British Geological Survey (2012). PreVariscan felsic igneous rocks are not distinguished on either map. Elvans recorded on the earlier map are not shown on the latter map.
Reproduced with the permission of the British Geological Survey ©NERC. All rights Reserved. Contains Ordnance Survey materials © Crown
copyright (1974, 2012) OS licence number 100040280.

Figure 5. A sketch section of the principal geological features between Penhale Point and Cotty’s Point. The Hoblyn’s Cove area is
highlighted in yellow and shows the Hoblyn’s Cove Felsite (HCF) and elvans (E). The Hoblyn’s Cove Felsite (HCF) is parallel to, and folded
with, the composite S0/S1/S2 fabric depicted by the black lines. The elvans are not folded and locally cross-cut this fabric.
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generally parallel to S0/S1 other than in lower strain zones near
Perran Beach. The N-dipping S3 foliation is consistently axial
planar to large scale F3 folds of the earlier composite S0/S1/S2
fabric (Figure 6). The Perran Iron Lode is 12 m wide, forms the
hanging wall of a listric fault and marks the boundary between
lower strain rocks to the S and higher strain rocks of the StartPerranporth Zone to the N.
A large-scale geological map of Hoblyn’s Cove is presented
in Figure 7. The Hoblyn’s Cove Felsite dips steeply S and crops
out as upper (≤5 m thick) and lower (≤3) m units that thin
eastwards and are separated by c. 1 m of Trendrean Mudstone
Formation. It has been traced over a strike length of 150 m
between two locations on either side of the NNW-SSE fault
zone controlling the Wheal Golden / Penhale cross-course,
across which it exhibits a dextral separation of 70 m (Figures 8
and 9). No substantive separation of the nearby similarly
orientated Early Permian elvan dykes occurs across this fault
zone (Figure 7). The felsites are dark yellow to white and
exhibit localised zones of red iron oxide alteration. The
contacts with the adjacent metasedimentary rocks are planar
and concordant with bedding (S0) and dip steeply south,
parallel to the composite S0/S1/S2 foliation which is locally
intense. The metasedimentary rocks and felsites both host preD3 metamorphic quartz veins that pre-date the elvans. All
lithologies host chalcedonic cross-course veins that post-date
the elvans. The metasedimentary rocks in the vicinity of both
locations include sporadic thick laminae/very thin beds of
sandstone, containing, quartz, feldspar and rock fragments, and
mudstone that include sand-sized clasts of felsic material
(Figure 10).
The felsites vary markedly in appearance (Figure 10). The
lower felsite unit consists of highly altered cream-pale grey
competent rock with an intense foliation. Specimens from this
unit are composed of 0.5-2 mm anhedral-subhedral quartz
phenocrysts (10%) set within a <0.1 mm partially kaolinised
quartzo-feldspathic groundmass (90%). The upper felsite unit
also exhibits a highly sheared fabric and is more variable,
displaying elements of both the enclosing metasedimentary
host rocks and the underlying felsite. It has a porphyritic
texture and is composed of 5-30 mm subhedral quartz
phenocrysts (15%) distributed within an intensely sheared, pale
grey, locally kaolinised quartzo-feldspathic groundmass (85%).
Specimens can include boudinaged quartz veins.

Figure 6. Summary cartoon of the principal deformation episodes
identified between Penhale Point and Cotty’s Point. (a) Variscan
D1 thrusting to the N generates tight to isoclinal F1 folds and a Sdipping axial planar S1 cleavage (not to scale). (b) Variscan D2
thrusting to the N associated with very high strains that generate F2
folds and a S-dipping axial planar S2 crenulation cleavage and Sdipping thrust surfaces (not to scale). (c) Post-Variscan extension
(D3 deformation), with a top sense-of-shear to the S, results in
progressive extensional reactivation of earlier thrust faults and
development of a large scale monoform of the composite S0/S1/S2
fabric that is associated with a N-dipping axial planar S3
crenulation cleavage (Start-Perranporth Zone). Location of
Hoblyn’s Cove is shown by the red box.

Figure 7. Geological map of Hoblyn’s Cove showing the location of
the previously undescribed Early Devonian Hoblyn’s Cove Felsite,
the southern and northern elvan dykes, and the Wheal Golden /
Penhale cross-course vein. The Hoblyn’s Cove Felsite thins eastwards
into Dead Cow Cove and has a dextral separation of c. 70 m across
the fault zone that parallels the Wheal Golden / Penhale crosscourse. The Early Permian elvans do not exhibit a separation
across this fault. Map data from Google, Infoterra Ltd and Bluesky.
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Figure 9. Lithostratigraphy of the Hoblyn’s Cove Felsite. The two
felsite units are hosted by the Trendrean Mudstone Formation
(lilac) and thin eastwards into Dead Cow Cove and are dextrally
separated across the Wheal Golden / Penhale cross-course. The
felsites are structurally overlain by quartz-, feldspar- and lithic-rich
volcaniclastic sedimentary rocks.

PETROGRAPHY
Hendra Felsite and nearby elvans

Figure 8. Field photographs of the Hoblyn’s Cove Felsite. (a) View
SW across Hoblyn’s Cove, the felsite crops out in the cliff and
foreshore platform and gives rise to a recessive geomorphological
feature trending eastwards to Dead Cow Cove. (b) Steeply dipping
lower and upper felsite, separated by metasedimentary rock,
exposed in the cliff and foreshore platform on the south side of
Hoblyn’s Cove. The felsites are parallel to, and folded with, the
composite S0/S1/S2 fabric of the Trendrean Mudstone Formation.
(c) Strongly foliated lower and upper felsite units exposed on the
east side of Dead Cow Cove are separated by metasedimentary host
rock (partially obscured by a rockfall in late 2014).
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The Hendra Felsite exhibits a porphyritic texture comprising
fractured 0.5-3 mm phenocrysts of euhedral plagioclase feldspar
(25%) recrystallised along their margins and 0.1-3 mm
subhedral quartz phenocrysts (10%) which are locally stretched
parallel to the foliation (Figure 11). The groundmass is formed
by an extensively recrystallised fine-grained 0.1-0.5 mm
quartzo-feldspathic groundmass (65%). The nearby Tremore
Elvan is readily distinguished from the Hendra Felsite as it lacks
a tectonic foliation (Figure 11d).

Hoblyn’s Cove Felsite and nearby elvans
The Hoblyn’s Cove Felsite exhibits a porphyritic texture and
is composed of recrystallised 0.1-1 mm anhedral-euhedral
plagioclase feldspar phenocrysts (30%) characterised by
irregular grain boundaries and 0.1-0.5 mm subhedral quartz
phenocrysts (5%) within a <0.1 mm feldspar-dominated felsic
groundmass (65%) (Figure 12). Locally, plagioclase feldspar
phenocrysts display sericitic alteration within grain fractures
whilst 0.1-0.5 mm quartz veins often cross-cut samples. The
high strain fabric of the rock is clearly defined as an intense
foliation developed within the groundmass (Figure 12). The
southern elvan is distinguished from the Hoblyn’s Cove Felsite
as it lacks a tectonic foliation (Figure 12d).

Early Devonian rift-related felsic igneous rocks

Figure 10. Field photographs of the Hoblyn’s Cove Felsite and associated volcaniclastic rocks. (a) Lower felsite unit comprised of massive
strongly foliated rock. (b) Upper felsite unit exhibiting intense foliation and vein quartz porphyroclasts. (c) Porphyritic texture locally
developed within the upper felsite unit (partially kaolinised). (d) Intense foliation within the upper felsite unit and feldspar phenocrysts /
porphyroclasts. (e) Thinly-bedded crystal- and lithic-rock volcaniclastic sandstones and mudstones structurally overlying the felsites.
(f) Thinly-bedded crystal-lithic pyroclastic or volcaniclastic rocks interbedded with mudstone structurally overlying the felsite units.

WHOLE-ROCK

GEOCHEMISTRY

Whole-rock geochemical analysis was undertaken on eight
samples comprising the Hendra and Hoblyn’s Cove felsites and
nearby elvans. Samples were ground to a powder (<50 µm),
prepared into pressed discs, and analysed by a Bruker S4
Pioneer WD-XRF, using semi-quantitative mode and calibrated
to internal standards. The analyses are reported in Table 1.

The original whole-rock geochemistry of the Early Devonian
felsites is likely to have been modified given the extensive
history of fluid-rock interaction spanning pre-, syn- and postVariscan processes. However, the SiO2 content of the Hendra
and Hoblyn’s Cove felsites always exceeds 70% and, given low
Fe2O3 and MgO (<2.3 wt%), and variable but moderate Na2O
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Figure 11. Photomicrographs of the Early Devonian Hendra Felsite (a-c) and an adjacent Early Permian elvan (d) (specimen locations
in Figure 3). (a) Quartz and feldspar phenocrysts within felsic groundmass displaying intense foliation (PPL); Specimen HF4. (b) Strong
foliation around quartz phenocrysts (XPL); Specimen HF3. (c) Partially resorbed quartz phenocryst within a felsic groundmass; note the
increased abundance of mica adjacent to foliation (XPL); Specimen HF3. (d) Quartz and feldspar phenocrysts in felsic groundmass
lacking foliation (PPL); Specimen HE3.

and K2O (3.9-8.3 wt%) supports an origin as rhyolites or,
possibly, dacites. The SiO2 content of the Early Devonian
felsites is consistently higher than the Early Permian elvans
(Figure 13).
Relatively immobile trace elements are commonly quite
robust indicators of original igneous rock type, even after
substantial alteration. The sample data have been plotted on a
Nb-Zr diagram (Figure 13), previously used to classify Early
Permian granites and associated felsic rocks in South-West
England (Manning et al., 1996; Manning, 1998). The Early
Devonian Hendra and Hoblyn’s Cove felsites have Nb-Zr
characteristics that: (i) overlap, but generally possess higher Zr
values than the least evolved Early Permian biotite granites and
elvans, and (ii) fall within the compositional range of the Early
Devonian felsites from Whympston-Modbury presented in the
analyses of Durrance (1985) and Jones and Floyd (2000).
Additionally, the negligible P2O5 and low TiO2 characteristics of
the felsites overlap the rhyolite and felsite (but not dacite) fields
of the Whympston felsic rocks defined by Leake et al. (1992).
The Nb-Zr trace element data clearly distinguish the Early
Permian elvans from Hendra and Hoblyn’s Cove, with low Zr
but variable Nb, from the Early Devonian felsites. The
classification of Manning (1998) indicates that the Hendra
elvans have affinities with the tourmaline and biotite granites
whereas the southern Hoblyn’s Cove elvan has affinity with the
topaz granites. The elvans are also distinguished by their
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significantly higher P2O5 at low TiO2 (not shown).

DISCUSSION
Early Devonian felsic magmatism in the western
Looe Basin
A combination of petrographic and geochemical data, plus
comparison with previous studies, indicates that the newly
described Hoblyn’s Cove Felsite, hosted by the Early Devonian
Trendrean Mudstone Formation, is likely to have originated as
quartz- and feldspar-phyric rhyolite sills.
It shares
petrographical and geochemical similarities with the Hendra
Felsite, hosted by the Bovisand Formation, originally
recognised by Ussher et al. (1909) to be a sill of pre-Variscan
age and the Whympston felsic rocks hosted by the Dartmouth
Group in South Devon (Ussher, 1912; Durrance, 1985; Leake et
al., 1992; Jones and Floyd, 2000). Although these Early
Devonian felsites have undergone significant local alteration,
their whole-rock immobile element geochemistry appears to be
robust. High values of SiO2 are probably influenced by the
presence of metamorphic vein quartz as previously suggested
by Durrance (1985). The absence of a Variscan foliation from
the Early Permian elvans and their trace element geochemistry
(low Zr, high P2O5 at low TiO2) allows them to be readily
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Figure 12. Photomicrographs of the Early Devonian Hoblyn’s Cove Felsite (a-c), Early Permian elvan (d) and Early Devonian
volcaniclastic sedimentary rocks (e-f) at Hoblyn’s Cove (specimen locations in Figure 7). (a) Quartz and feldspar phenocrysts in a felsic
groundmass within the lower felsite unit (XPL); Specimen HCF5. (b) Composite S1/S2 foliation in lower felsite unit (PPL); Specimen HCF0.
(c) Highly strained upper felsite unit with quartz and feldspar phenocrysts set in a felsic groundmass with S1/S2 foliation and enhanced
mica content (XPL); Specimen HCF0. (d) euhedral quartz phenocryst enclosed within felsic groundmass containing biotite and muscovite
(PPL); Specimen HCE11. (e) Volcaniclastic sedimentary rock with strong S1/S2 fabric containing felsic rock fragment with quartz
phenocryst (XPL); Specimen HC4. (f) Volcaniclastic sandstone with strong S1/S2 fabric containing clasts of plagioclase feldspar, quartz and
felsic rock fragments (XPL); Specimen HC3.
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Table 1. Whole-rock major- and trace element geochemistry of Early Devonian felsites and Early Permian elvans from Hendra and
Hoblyn’s Cove. HF = Hendra Felsite, HCF = Hoblyn’s Cove Felsite, HE = Hendra Elvan, HCE = Hoblyn’s Cove Elvan. Major oxides in wt %.
Trace elements in ppm. ND indicates below detection limit.

Figure 13. Whole-rock geochemistry of Early Devonian Hendra and Hoblyn’s Cove felsites and Early Permian elvans (data in Table 1).
(a) Nb-Zr diagram showing: (i) representative analyses of Early Permian granites superimposed on fields of biotite, tourmaline and topaz
granites (after Manning, 1998), (ii) Hendra and Hoblyn’s Cove felsites and elvans, (iii) Early Devonian felsites from Whympston in the
eastern Looe Basin (Durrance, 1985). (b) SiO2 content of Early Devonian felsites and Early Permian elvans.
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distinguished from the Early Devonian felsites.
The recognition of volcaniclastic sedimentary rocks, and
possibly pyroclastic rocks, within the Trendrean Mudstone
Formation close to the Hoblyn’s Cove Felsite indicates that
felsic igneous activity was contemporaneous with
sedimentation and had an extrusive expression. These rocks
have similarities with the Early Devonian felsites in the eastern
Looe Basin first described by Ussher (1904) and reinterpreted as
volcaniclastic tuffs by Durrance (1985).

Structural geology

5)

The steeply S-dipping attitude of the Hoblyn’s Cove Felsite
is due to incorporation of this part of the Trendrean
Mudstone Formation into the Start-Perranporth Zone – the
steeply-dipping limb of a large-scale S-verging F3
monoform generated during post-Variscan extension.

6)

Early Permian elvans occur in the vicinity of the Hendra
and Hoblyn’s Cove felsites but can be readily distinguished
due to their lack of Variscan foliation and distinctive trace
element geochemistry (low Zr, high P2O5 at low TiO2). The
Nb-Zr characteristics of the elvans indicate affinities with
biotite and tourmaline granites (Hendra) and topaz granites
(Hoblyn’s Cove).

The margins of the Hoblyn’s Cove Felsite are beddingparallel and it exhibits the same composite Variscan S1/S2 fabric
as the Trendrean Mudstone Formation. The steeply S-dipping
attitude of bedding, felsite sills and the S1/S2 fabric is
compatible with their location on the steep limb of the largescale S-verging monoformal F3 fold, formed during postVariscan extension, that defines the Start-Perranporth Zone
(Alexander, 1997; Shail and Leveridge, 2005, 2009; Hollick et al.,
2014).
The c. 70 m dextral separation of the Hoblyn’s Cove Felsite
across the prominent NNW-SSE fault zone is not exhibited by
the similarly orientated northern and southern elvans. Almost
all displacement on this fault must therefore have occurred
before the Early Permian; it probably acted as a strike-slip
transfer fault during the latter stages of Variscan thrusting
and/or early post-Variscan extension. The development of the
Wheal Golden / Penhale cross-course vein system, within the
same fault zone, is not associated with any substantial strike
separation of the elvans. Similar cross-course vein systems
elsewhere in South-West England have been shown to be
Mid-Triassic in age (Scrivener et al., 1994) and associated with
ENE-WSW extension (Shail and Alexander, 1997).

ALEXANDER, A.C. and SHAIL, R.K. 1995. Late Variscan structures on the coast
between Perranporth and St Ives, Cornwall. Proceedings of the Ussher Society,
8, 398-404.

Syn-rift mineralisation

BRITISH GEOLOGICAL SURVEY. 2012. Newquay. England and Wales Sheet 346.
Bedrock and Superficial Deposits. 1:50,000. British Geological Survey,
Keyworth, Nottingham.

The syn-rift felsic magmatism identified at Hoblyn’s Cove
occurs less than 1 km to the north of the Perran Iron Lode. It
may provide additional weight to the suggestions that earliest
sphalerite-chalcopyrite-pyrite paragenesis recorded in this
structure may have originated as VMS / SedEx style
mineralisation (Henley, 1971; Scrivener et al., 2006).
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