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On 6 January 1912, Alfred Wegener presented his new ideas on the ‘origins of continents
and oceans’ at the Senckenberg in Frankfurt-am-Main. A century later, his views on continental drift have been overtaken by our understanding of global Earth processes and
plate tectonics, but there is no doubt that his views were the inspiration behind our
modern science. We now accept that Torbay’s geological history is, therefore, a function of
the migration of the area over the surface of the planet from 10ºS of the Equator to the
present position at 52ºN. Superimposed on this northward migration are the global
changes in climate over the last 400 million years of Earth history from ice-house to
green-house and back to our present ice-house conditions.
The coral-rich limestones, red-coloured continental pebble beds and other geodiversity
features of Torbay all document this fascinating history, leading to the eventual colonisation of the area by the early hominins. The geological history of Torbay often appears
disjointed, with many gaps in the record. Geologists can, however, read these ‘gaps’ as well
as the rock record, piecing together a story of shallow-water tropical seas, volcanic eruptions, uplift of mountains and their near-complete erosion, a warm continental desert
interlude and the regular appearance and disappearance of the ‘Cornubian Island’.
Throughout this history the climate, both locally and globally, has been in constant change
and understanding this process is vital if we are to predict our future.

INTRODUCTION
The geological history of the British Isles is long and complex, involving – for such a small area – a sometimes bewildering variety of rock
types representing a range of different ages. This ‘geodiversity’
provides these islands with a wonderful variety of landscape and seascape. It must be remembered, however, that the processes that have
shaped this geological heritage and landscape are still operating today
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even if the rates of change can barely be detected in the course of a
human lifetime.
Geodiversity is a relatively recent concept, created to include the wide
range of geological features and processes that we see on Earth both
today and in the past (Sharples, 1993; Kiernan, 1994, 1996, 1997a, b;
Dixon, 1995, 1996a, b). Many involved in geoconservation have
adopted the deﬁnition of geodiversity provided by Gray (2004, p. 8):
Geodiversity: the natural range (diversity) of geological (rocks, fossils,
minerals), geomorphological (landforms, processes) and soil features. It
includes their assemblages, relationships, properties, interpretation and
systems.

Gray (2004) does not go as far as Stanley (2002) who argued that
‘biodiversity is a part of geodiversity’. Palaeontologists, therefore, are
concerned with this divide between the living (biodiversity) and the
resultant fossil record (geodiversity): for a discussion of this transition see Hart (2012).
With the geodiversity of the British Isles being so exceptionally varied, many aeas could claim to be ‘special’. This includes the Dinosaur
Coast in East Yorkshire, the Dinosaur Isle of the Isle of Wight and the
Dorset and East Devon Coast World Heritage Site (Jurassic Coast).
There is, however, another UNESCO-recognised group of sites that
are known as Geoparks. In the British Isles there are Geoparks in
Scotland (North West Highlands, Lochaber, Shetland Isles), Ireland
(Marble Arch Caves, Copper Coast), Wales (Fforest Fawr, Geomon)
and England (North Pennines and the English Riviera). The English
Riviera Global Geopark in Torbay is the Devon-based member of this
international club of important geosites.

ENGLISH RIVIERA GLOBAL GEOPARK
A geopark is a:
nationally protected area containing a number of geological heritage sites
of particular importance, rarity or aesthetic appeal. These Earth Heritage
sites are part of an integrated concept of protection, education and sustainable development. A Geopark achieves its goals through a three-pronged
approach: conservation, education and geotourism. (UNESCO, 2009).

The English Riviera Global Geopark is Europe’s only urban Geopark
and has recently been re-approved for another 3–4 years. To be a
member of the European Geoparks Network there are strict criteria
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governing the geological heritage, sustainable development strategy
(including tourism), scientiﬁc importance of the site, educational
usage and value to research. There should be good cultural links and
the site must be valued by the local community. The English Riviera
Global Geopark sits within the Torbay Unitary Authority and is
managed by a team drawn from the Torbay Coast and Countryside
Trust, the Local Authority, tourist attractions (such as Kents Cavern),
museums and those in education (which includes schools, colleges,
universities and other interest groups).
Within the boundaries of the Geopark are a number of Sites of
Special Scientiﬁc Interest (SSSI), National Nature Reserves (NNR) and
many Geological Conservation Review (GCR) sites. Many of the geological sites in the area are, therefore, under some form of designation
and protection. Permission must be sought for hammering, collecting
and other geological pursuits. There is a formally constituted Science
Panel, with a number of experts from a range of disciplines that can
approve geological sampling and research in the designated areas.
Many areas within Tor Bay are also under protection and the whole of
the inner part of the bay is now a candidate Marine Conservation
Zone (MCZ): see Lieberknecht et al. (2011) and Sadri et al. (2011).
Devon is, of course, the source of the term Devonian which is still
used today as one of the internationally-recognised sub-divisions of
the geological time scale (Ogg et al., 2008). The rocks that crop out
in Torbay were an integral part of the early recognition of the
Devonian by Sir Henry de la Beche (1829, 1839), as well as Professor
Adam Sedgwick and Sir Roderick Murchison, who established the
Devonian System in 1839. The Devonian limestones of the Geopark
include parts of a Middle Devonian ‘reef’ system (Scrutton, 1977)
with rich coral-stromatoporoid assemblages as well as brachiopods
and trilobites. The famous ‘Lummaton Shell Bed’ – which was cited
by Sedgwick and Murchison in their initial designation of the Devonian System – remains an SSSI (see Whidborne,1888–1907; Ussher,
1903; Elliott, 1961; House, 1963; Selwood, 1966; Scrutton, 1977;
Leveridge et al., 2011, pp. 682–684).

GEOLOGICAL UNDERSTANDING OF SOUTH DEVON
When the Devonshire Association was founded in 1862, our forebears were ‘enjoying’ the last few decades of the Little Ice Age, which
extended from the fourteenth century to almost the close of the
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Figure 1. Predicted temperature curve for the last 3500 years based on proxy data
from growth-ring thickness in the Bristlecone Pine trees in the western USA (based on
Lamb, 1995 using data supplied by Professor V.C. La Marche).The lower graph shows
the post-Little Ice Age data of the central England Temperature Series to which have
been added some of the present temperature predictions of the Climate Research
Unit (Hulme and Jenkins, 1998).

nineteenth century (Fig. 1). This time interval was characterised by
quite harsh climatic conditions, with ‘Frost Fairs’ on the frozen River
Thames being regular events in the winter months. It is often forgotten that geological processes, especially those that inﬂuence climate,
have been the back-drop to human history and in many cases exerted
a signiﬁcant control over major world events. For example, in 1783,
after a famous eruption of the Laki Fissure in Iceland, Europe suffered three exceptionally harsh winters and failed harvests in the summer months. In Iceland, 75 per cent of the livestock died, as did
~25 per cent of the population. Benjamin Franklin, who at the time
was the Commissioner for the United States in Paris, wrote one of the
ﬁrst papers that tried to link volcanic eruptions to changing levels of
CO2 in the atmosphere and climate change in 1784. Though not a
scientist, his work is often forgotten, but his ideas were extended by
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Thomas Chrowder Chamberlain (1897, 1906) who must be regarded
as the ﬁrst geoscientist to attempt the link between atmospheric pCO2
and climate: a debate that continues today.
The founding of the Devonshire Association came only a few years
after the deﬁnition of the Devonian System, which – in the eyes of the
international geological community – put Devon on the (geological)
map. The fossil-rich limestones of Torquay were speciﬁcally mentioned in the deﬁnition of the Devonian System, including the Lummaton Shell Bed which remains an SSSI (Leveridge, 2011, pp.
682–684). The presence of these coral-rich limestones at a latitude of
52ºN did, of course involve geologists in complex debates over the
explanation as to how ‘reefs’ – that today form in water of 20–25ºC
at latitudes between 10ºN and 10ºS of the Equator – could have
formed in Torbay. The answer to this, and other comparable dilemmas, came in 1912 when Alfred Wegener presented his paper on ‘Die
Enstehung der Kontinente und Ozeane’ to the Senckenberg in Frankfurt-am-Main. This oral presentation was not published until 1915,
although it was to be another 50–60 years before Wegener’s ideas on
continental drift were to be generally accepted. Even in the mid-1960s
the present author was taught some quite extra-ordinary models of
Earth’s palaeoclimate by quite eminent academics!
With the gradual acceptance of sea-ﬂoor spreading and plate tectonics in the 1960s (Fig. 2), it became clear that the surface of the
Earth has been, and remains, in constant motion. The climate of any
one location is, therefore, a function of:
•
•
•
•
•

The palaeolatitude of the location;
The presence of a global greenhouse or icehouse condition;
The global (= eustatic) sea level;
The conﬁguration of the continents and oceans; and
The proximity of nearby mountains (themselves caused by plate
movements).

While palaeolatitude is the fundamental control on climate, there are
variations caused by ocean current systems such as the modern Gulf
Stream in the North Atlantic Ocean. The intensity of such oceanic
current systems is also a function of temperature differences caused
by the presence or absence of large ice masses on the planet. Today,
the ‘ocean conveyor’ (Broecker, 1991) is driven by the temperature
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Figure 2. Global reconstructions and the northward migration of Torbay: adapted from
Scotese & McKerrow (1990), Scotese (1991), Doyle et al. (1994) and Hart (1999).

differences caused by the entry of cold water into the deep ocean from
Antarctica. In, for example, the Cretaceous when there was only a
very small area of ice in the Antarctic Mountains (Miller et al., 1999;
Gale et al., 2002) and no Arctic ice, this ‘greenhouse’ world was characterised by a reduced intensity of ocean current systems (Hay, 2008).
The volume of ice on Earth also controls sea level and this global
variation in water volume drives the so-called eustatic changes and
the percentage of land/sea. Local sea level changes can also be caused
by basin subsidence or tectonic uplift and these changes must be separated from those that leave a global signal. With ocean basins changing shape through time and the water volume itself expanding or
contracting in response to temperature changes (Rohling et al., 2009),
the identiﬁcation of the causes of sea level change (and the rate of
change) can be difﬁcult.

DEVONIAN WORLD
The Devonian stratigraphy of S.W. England has recently been
reviewed by Leveridge and Shail (2011) in the Geological Conservation Review volume published by The Geologists’ Association. While
this is an authoritative review of the various successions in Devonshire (and elsewhere in the UK), it does not provide all the answers
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Figure 3. Concentration of carbon dioxide (CO2) in the atmosphere through the
Phanerozoic. After Hart (2009).

about what the ‘Devonian World’ was really like: this was not its
underlying purpose.
The Devonian Period saw quite signiﬁcant changes to life on Earth
and the overall nature of the planet. Terrestrial plants were in the
early stages of their evolution (see Kenrick and Crane, 1997, for a
review) and, in the oceans, the plankton comprised organic-walled
microfossils (e.g., acritarchs and chitinozoans) and early protists
(e.g., radiolaria). Without the removal of CO2 from the atmosphere
by land plants or a carbonate-secreting plankton in the oceans, the
atmospheric pCO2 was high (Fig. 3). In the oceans, with no carbonate
settling through the water column (from the plankton), the deepwater environment would have been under-saturated in carbonate
and the Calcium Carbonate Compensation Depth (CCD) – the depth
at which carbonate shells sinking in the ocean dissolve – would have
been quite high in the water column; unlike today when it is found
~4000 m below the ocean surface (Kennett, 1977). With high pCO2
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Figure 4. Aerial view of Berry Head National Nature Reserve. St Mary’s Bay is formed
of the softer, less resistant, mudstones of the St Mary’s Bay Member of the Nordon
Formation, while the headland of Sharkham Point is formed of the more resistant limestones of the Sharkham Point Member. Berry Head is formed of the massive limestones
(extensively quarried) of the Berry Head Member of the Brixham limestone Formation
(image provided by the English Riviera Geopark Organisation).

in the atmosphere, ocean acidiﬁcation may have been a problem, with
sea water having a lower pH than today (Pearson and Palmer, 2000;
Demicco et al., 2003).
As a result of the chemistry of both the atmosphere and the oceans,
the ‘carbonate factory’ had to be located in quite shallow water. In
S.W. England the only carbonate factories were on the crests of faultcontrolled blocks (Leveridge et al., 2003, their ﬁg. 1). In the area of
Torbay these are named the Torquay High (Torquay Limestone Formation) and the Brixham High (Brixham Limestone Formation), and
these two limestone masses now form the distinctive headlands either
side of the present Tor Bay (Fig. 4). These limestones, which are mainly
of Middle Devonian (Eifelian and Givetian) age, are underlain by the
Meadfoot Group (of Early Devonian age) and coeval with the Nordon
Formation. The latter mainly comprise grey silty mudstones, with
only occasional thin limestones (Leveridge et al., 2003, their ﬁgs 2, 3).
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Figure 5. Palaeogeographic reconstruction for the Early Devonian (405–395 Ma)
(©Ron Blakey, reproduced with permission).

The Middle Devonian carbonate factories are spectacular, with rich
assemblages of corals, stromatoporoids (calcareous sclero-sponges)
and bryozoans, with associated bivalves, gastropods, brachiopods
and trilobites (Goodger et al., 1984). The limestone formations of
South Devon are very similar to those in New York State (USA), Belgium and Germany, with Torbay sitting in the middle of a chain of
Devonian reefs (Fig. 5), which are returned to their original position
in Figure 2. Use of the term ‘reef’ conjures up images of atolls in the
Paciﬁc Ocean or the Great Barrier Reef, neither of which are directly
comparable to our Devonian structures. Palaeozoic corals (Rugosa
and Tabulata) are unlike the modern scleractinian corals and were
unable to cement themselves to the substrate and, thereby, form massive structures (Scrutton, 1977; Goldring, 1978). Modern corals are
aragonitic, not calcitic, and while modern forms have a close, intimate, relationship with symbiotic algae (zooxanthellae), this can only
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be supposed for these fossil taxa. Their apparent restriction to shallow (10–30 m), warm (20º–25º C) and equatorial waters (10º N–10º S
palaeolatitude) is, however, highly suggestive of a comparable set of
environmental controls. In any observations of the fossils, and especially the stromatoporoids (Kershaw and Riding, 1980), it must be
remembered that the post-depositional, Variscan deformation (see
later) has often changed the shape of the fossils in response to the
geological structure of the area.
Many of the key sites in Torbay (e.g., Dyer’s Quarry, Long Quarry
Point) are problematic for access, involving steep paths that are often
slippery in wet conditions. Though often frequented by ﬁshermen,
access to these locations is ‘discouraged’ by the Local Authority.
However, Triangle Point and Hope’s Nose provide good places to see
the coral and stromatoporoid-rich limestones of the Daddyhole Limestone Member of the Torquay Limestone Formation. At Triangle
Point (SX 928 628), which is located at the western end of Meadfoot
Beach (Fig. 6a & b), the limestones are overturned in places and this
can be conﬁrmed by using ‘geopetal’ structures (fossil spirit levels),
which are often the partially in-ﬁlled shells of bivalves or brachiopods. The sediment should have settled at the bottom with the later,
calcite inﬁlling, occurring in the (originally) upper part of the shell.
The limestones at Triangle Point appear to be rhythmically bedded,
possibly following a Milankovi´c astronomical cyclicity, although
some of the fossil-rich beds (Fig. 6c) appear to be full of transported
debris that might have formed as the result of storm events. In places
intimate, possibly symbiotic or commensal, intergrowths of corals
(often Syringopora sp.) and stromatoporoids can be seen (Fig. 6d).
On the north-eastern corner of Hope’s Nose (SX 949 637, Fig. 7a)
the Daddyhole Limestone Member contains abundant stromatoporoids (Fig. 7b), many of which are quite large and sub-spherical or
hemispherical in shape (Leveridge, 2011, his ﬁg. 42). Using the model
of James and Bourke (1992) such large, rounded morphotypes would
probably have been associated with a reef front within normal wave
base. In the old quarry on the north side of Hope’s Nose, the medium
to thick-bedded coral/stromatoporoid rich limestones are overlain by
thinly-bedded grey limestones of the Daddyhole Limestone Member
(Leveridge, 2011, his ﬁg. 42b, 42d). This unconformable boundary is
also displaced in a few places by a fault, or faults, that are parallel to
the face.
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Figure 6. (a) Aerial view of Meadfoot Beach (right coastline) and Triangle point
(headland on left side of image). Image provided by the English Riviera Geopark
Organisation; (b) Daddyhole Limestone Member,Triangle Point (looking east) with a
major fault surface on the left; (c) broken fragments of the coral Thamnopora sp.
at Triangle Point (field of view 25 cm); (d) symbiotic intergrowth of a stromatoporoid
and the coral Syringopora sp. (field of view 40 cm); (e) high-spired gastropods
(field of view 75 cm).
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Figure 7. (a) Aerial view of Hope’s Nose looking south-west over Tor Bay. Image
provided by the English Riviera Geopark Organisation; (b) displaced, dome-shaped
stromatoporoids on the north east corner of Hope’s Nose (field of view 120 cm);
(c) stromatoporoids and corals (field of view 120 cm); (d) thinly-bedded limestones at
the southern end of Hope’s Nose, just below the raised beach. Note the bed of ash in
the bottom right-hand corner; (e) close up of the 25 cm thick ash bed shown in (d).
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Figure 8. Long Quarry Point and the exposure of the Walls Hill Limestone Member
(image provided by the English Riviera Geopark Organisation).

At the southern end of Hope’s Nose (SX 948 634), just below the
raised beach (see later), there is a succession of thin-bedded limestones
(Fig. 7d) that contain a series of volcanic ashes, some of which are up
to 25 cm thick (Fig. 7e). This famous view of folded and overthrust
Devonian limestones was ﬁrst noted by Sedgwick and Murchison
(1839) and has been reproduced many times (e.g., Perkins, 1971).
Volcanic centres are known in the area around Ashprington
(Ashprington Volcanic Formation), in Saltern Cove (Leveridge, 2011,
ﬁg. 35) and at Chipley (SX 808 721), west of Newton Abbot. In the
Chipley quarries the basaltic lavas (previously called spilites) are in
the form of pillows, which indicate eruption under water. The interpillow spaces are in-ﬁlled with siliceous mudstones and chert, with
the pillows formed of alkali basalt (Ussher, 1913; Floyd, 1983).
The more massive Walls Hill Limestone member is best seen at Long
Quarry Point (SX 937 651, Fig. 8). The stromatoporoid-rich limestones of this old quarry have been interpreted in a variety of ways
(Jukes-Browne, 1913; Dineley, 1961; Braithwaite, 1967; Scrutton,
1977; Kershaw and Riding, 1980; Leveridge, 2011, pp. 680–682),
including that of a ‘reef’. Leveridge (2011, p. 682) concluded that the
Walls Hill Limestone Member provides an excellent example of a
Middle Devonian reefal build-up of large stromatoporoids with
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subordinate corals and associated suspension feeders, such as brachiopods. In detail, Scrutton (1977) and Kershaw and Riding (1980)
recognise upper fore-reef, reef-crest and (turbulent?) back-reef environments that represent a southerly-migrating reef crest in midGivetian times.

THE VARISCAN MOUNTAINS
Early geologists working in S.W. England recognised the geological
complexity of the area and were well aware of the folding, faulting
and thrusting that had caused – in places – the complete overturning
of the strata (see Ussher, 1903 and Lloyd, 1933). It was Richter (1969)
who ﬁrst identiﬁed four phases of deformation in the Torquay area
and these were used to identify the various stages of the Variscan
Orogeny, which began in the Early Carboniferous and ended with the
intrusion of the granites of S.W. England in the latest Carboniferous
and earliest Permian (Leveridge et al., 2003).
With a combination of major overturned folds and signiﬁcant
thrusting, the Variscan structures in Torbay are complex: see, for
example, the cross-section provided by Leveridge (2011, his ﬁg. 48)
for the Babbacombe area. Evidence of these structures can be seen on
Hope’s Nose (SX 9471 6332) where an overturned anticline is developed along a low-angle thrust (Leveridge, 2011, his ﬁg. 42a). A similar example is seen on the west face (Fig. 9) of the Ore Stone (SX 957
629). London Bridge (SX 923 627) shows steeply dipping, overturned
limestones of the Daddyhole Limestone Member, forming one of the
iconic images of Torbay (Fig. 10). At the southern end of Goodrington Sands (SX 895 590), a simple-looking fold (Fig. 11) is an ideal
location in which to study the cleavage-bedding relationships, parasitic folds, boudinage and the pattern of quartz veining created by the
stress systems operating at the time of formation of the fold. Almost
all structures have similar east–west trends (typical of the Variscan
Orogenic Belt in S.W. England and Southern Ireland) with evidence of
northward-directed movement (overturning to the north).
Major thrusts are rarely seen but their impact can be seen in the
way that the local stratigraphy is disrupted. Other faults are more
easily studied with east–west faults forming the edges of the Lower
Permian outcrops around Paignton and west of Torquay. Rotation
within these fault-bounded blocks almost certainly created the angular unconformity between the Lower and Upper Permian rocks.
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Figure 9. Overturned fold resting on a thrust fault on the western face of the Ore Stone.

Figure 10. London Bridge formed of overturned limestones of the Daddyhole Limestone Formation.
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Figure 11. Overturned fold in the sandstones and siltstones of the Meadfoot Group at
the southern end of Goodrington Sands.

The late Variscan and post-Variscan faults follow three main trends,
although in many cases there is evidence of multiple phases of movement. The main faults are:
• East–west faults, as indicated above, appear to control the present
distribution of Permian rocks. An east–west fault at Triangle Point
(Fig. 6b) is characterised by a brecciated and cemented fault plane
within the limestone succession and a fault surface covered in slickensides that show the sense of movement;
• North–south faults, that are much less common, but which can be
(locally) numerous, especially on the headland to the east of central
Torquay. A major north–south fault between Broadsands and
Saltern Cove is marked by a brecciated zone ~30 m thick that
shows evidence of multiple movements. In Crystal Cove (SX 896
580) the whole of the fault zone is replaced by calcite and must
have been a major ﬂuid pathway at the time of formation; and
• Northwest–southeast faults that were established early in the
deformation of the area.
The Lustleigh–Sticklepath Fault passes through Torquay with a NW–
SE orientation. It is a zone ~1 km wide near Torre Station and Torbay
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Figure 12. Dendritic aggregate of gold crystals from a vein at Hope’s Nose (image
provided by the English Riviera Geopark Organisation).

Hospital. This fault is part of a regional set of sub-parallel faults
(Dearman, 1963, 1971; Sanderson and Dearman, 1973; Edwards,
1976; Edwards and Freshney, 1982; Leveridge et al., 2003) that cut
across the South West Peninsula and which have moved many times,
including during the Cenozoic when the Bovey and Petrockstowe
basins were formed.
Both N–S and E–W faults contain the iron ore and ochre deposits
at Sharkham Point (Brixham) that were worked in the nineteenth and
early twentieth centuries. The harder iron ore was used in smelting
but the bulk of the output was used in paint manufacture. In places
there is replacement of limestone by hematite. In some areas, breccias
(composed of limestone, mudstone and volcanic tuffs) are cemented
by goethite, limonite and hematite. Some surfaces in the fault zones
are coated with white or pale pink baryte crystals.
Mineralised carbonate veins in the Middle Devonian limestones of
Hope’s Nose were ﬁrst described by Gordon (1922) and specimens
subsequently collected by Sir Arthur Russell were deposited in the
Natural History Museum (London). These contain dendritic or
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fern-like aggregates of gold crystals (Fig. 12) which are quite spectacular (Russell, 1929). The <14 veins are restricted to the stromatoporoidrich limestones of the Daddyhole Limestone Member and trend E–W,
associated with steeply-dipping fracture zones. The metallogenesis of
the gold has been described by Scrivener et al., 1982, 1984) and attributed to a phase of mid-Triassic mineralisation caused by low-temperature hydrothermal ﬂuids. One of the distinctive, dendritic, aggregates
of palladian gold is illustrated by Leveridge et al. (2003, pl. 10).

PERMIAN DESERTS
Following the events of the Variscan Orogeny, South West England
had been uplifted into a range of east–west trending mountains
(Fig. 13). There is some uncertainty as to how high these mountains
were at this stage in their history but the metamorphic grade (Warr
et al., 1991) of the Devonian and Carboniferous rocks are only
epizone (bordering greenschist facies) and can only have been buried
to a depth of ~10 Km. The crustal thickness might have been >40 Km
and could have been less if the emplacement of the granites had signiﬁcantly raised the local geothermal gradient (Mark Anderson, pers.
com., 2012). Comparisons with modern mountain belts with similar
crustal thicknesses suggest that elevations probably never exceeded
1–1.5 km. Higher estimates, requiring Alpine or Himalayan scale
topography, but based on isostatic calculations, involve many
unknowns and may be misleading
Located 5–10ºN of the Equator at a time of the Antarctic glaciations (and lowered sea levels), Torbay was in a warm (or hot) desert
environment, comparable to the Oman Mountains today. The sediments generated by the erosion of the Variscan Mountains are, therefore, the result of desert (hot/cool alternations) weathering and
occasional ﬂood events caused by very intermittent, but heavy, rainfall. Valleys eroded out of the mainly limestone hills around Torbay
could only be in-ﬁlled with locally derived materials and that is what
we see in the Torbay Breccia Formation (Exeter Group) of the Lower
Permian.
At the interface with the underlying Devonian limestones, sandstones and siltstones there is a marked unconformity. This can be seen
in a number of places, especially at the southern end of Goodrington
Sands and in Waterside Cove (SX 8954 5873): see Fig. 14. At
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Figure 13. Palaeogeographic reconstruction for the Early Permian (270–260 Ma)
(©Ron Blakey, reproduced with permission).

the boundary between the Permian sediments and the underlying
limestones there are some quite spectacular Neptunian Dykes, where
the younger sediments are in-ﬁlling ﬁssures and fractures in the
weathered surface of the limestones. These are best seen near Elberry
Cove (SX 903 572) and Shoalstone Point (SX 939 568).
In the central area of Torbay (Goodrington, Waterside Cove,
Roundham Head) the Torbay Breccia Formation is dominated by subangular clasts of locally-derived limestone with rare mudstone clasts,
sandstones, vein quartz, hornfels, chert and quartz-porphyry (Fig.
15). The supporting matrix is either ﬁner-grained breccia or sandstone. There are many examples of graded beds, cross-bedded units
and occasional channels, all of which have been linked to sediments
laid down by wadi ﬂood events and temporary alluvial fans (Fig. 16a,
b). The Oman Mountains (near Wadi Mistal and Wadi Bani Kharus)
provide an interesting analogue, where considerable thicknesses of
Pleistocene wadi deposits and coarse alluvial fans were deposited in
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Figure 14. (a) Permian breccias and conglomerate resting unconformably on
mudstones and siltstones of the Meadfoot Group in Waterside Cove; (b) close-up of the
unconformity which represents a ‘gap’ in the record between sediments of the Lower
Devonian and the Lower Permian (~130 million year hiatus).
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Figure 15. Lowermost Permian conglomerates and breccias of the Torbay Breccia
Formation at the southern end of Goodrington Sands. At this location, in this bed, the
clasts are dominated by locally-derived grey limestone blocks that have been partly
rounded by transport. Note scale, in cm, on beige card.

the wetter climates of that time (as compared to today). The cliffs of
gravels, conglomerates and breccias have been dissected by modern
erosion (Fig. 17a & b). It must be noted that the distinctive red colour
(caused by iron oxide staining) of the Torbay Breccia Formation is not
seen in the Oman analogue, as this requires a period of burial in which
to form. Up-section the clast size decreases quite rapidly, indicative of
greater transport distance from the source. The sandstone component
also increases in importance, with some of the sands being aeolian in
origin (Fig. 18). Leveridge et al. (2003, p. 14) identify the Corbyn’s
Head Member as a series of medium to coarse-grained sandstones
that vary in colour from red to purple and grey to green/grey. This
rapid in-ﬁlling of the topography may also be suggestive of a relatively
low overall height for the original Variscan Mountains.
In the north of the Torbay area, the Torbay Breccia Formation is
overlain by the Watcombe Formation. In places this is a coarse
breccia with clasts of sandstone, shale, limestone and rare quartz
porphyry in a poorly-sorted matrix of sand, silt and clay. The Petit Tor
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a

b

Figure 16. (a) general view of Roundham Head showing the occasionally cross-bedded
breccias that are of a finer grain size than those at the base of the succession
(Figure 15); (b) detail of the succession shown in (a). Note scale, in cm, on beige card.
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b

Figure 17. (a) Approaching Wadi Mistal in the Oman Mountains.The cliff is formed of
Pleistocene wadi deposits; (b) view of the face shown in (a) showing the conglomerates
and breccias, some of which are cross-bedded.The dominant clasts are those of the
locally derived Cretaceous limestones, which can be seen in the distance.

66

The Geodiversity of Torbay

Figure 18. The Permian succession near Hollicombe with aeolian, cross-bedded sandstones overlying breccias and conglomerates.

Member, at the base of the Watcombe Formation, was initially thought
to be a part of the Devonian succession (equivalent to the Torquay
Limestone Formation) as it contains many similar fossils (House,
1963). However, it is a local breccia and the fossils are only within the
limestone blocks, many of which are >1 m across. In places the orientation of the blocks is suggestive of primary bedding while in some
exposures there is a more disorientated appearance and the talus-like
deposits may be associated with local faulting. The overlying Oddicombe Breccia Formation (best seen at Petit Tor Beach, SX 936 664)
passes laterally into the Teignmouth Breccia Formation, which is best
seen in the cliffs near the Smuggler’s Tunnel at Shaldon (SX 939 718).

MESOZOIC GREENHOUSE
While Torbay preserves a record of Permian sedimentation after the
Variscan Orogeny, the overlying Triassic–Cretaceous (Mesozoic)
succession only crops out along the Dorset and East Devon World Heritage Site (Jurassic Coast), and in Somerset, Wiltshire, etc. Off-shore,
the Mesozoic succession is well known in the Western Approaches
Basin, Celtic Sea Basin, Bristol Channel Basin and Portland–Wight
Basin (Wessex Basin). For much of this 200 million years of geological
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Figure 19. The major geological features of the region surrounding the Cornubian
Massif (after Day (1986), Ziegler (1987), Hillis (1988), Evans (1990), Hart (1998)
and Hart (1999)).

history, S. W. England was, initially, an island: the Cornubian Island
(Fig. 19) of Hart (1999). Little is known of what was happening on the
Cornubian Island at this time, apart from the fact that erosion will
have been reducing the elevation of the Variscan Mountains, including
the eventual exposure of the Dartmoor Granite. This may have been
during the Jurassic on the basis of clay mineral evidence.
Chronostratigraphic analysis of the area (Fig. 20) shows that many
sediments that might have been deposited in East Devon, including
perhaps Torbay, were also removed and that there were signiﬁcant
periods of non-deposition. It was only as sea levels rose markedly in the
mid-Cretaceous did greensand deposition advance westwards as far as
Newton Abbot and the Bovey Basin. Between Newton Abbot and
Kingskerswell a number of sand and gravel pits contain Cretaceous
greensands and large masses of grey/brown chert (Nicholas and Hart,
2004). Some of these cherts contain abundant specimens of the large
foraminifera Orbitolina, which is also recorded (Carter and Hart,
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Figure 20. A chronostratigraphical model for the western part of the Wessex Basin
(after Hart, 1999).

1977; Schroeder et al., 1986) from East Devon and the Sarthe region of
France (around Le Mans). During the Cenomanian, sea level continued
to rise (Hart, 1990), with the area of land around the UK continuing to
diminish in size. In S.E. Devon (Smith, 1957, 1961a, b, 1965; Smith
and Drummond, 1962, 1965; Kennedy, 1970; Drummond, 1970;
Hancock, 1969; Carter and Hart, 1977; Hart, 1982, 1990, 1999) the
Cenomanian to Turonian succession clearly shows this transition with
suites of detrital minerals disappearing from the increasingly carbonate-dominated succession. In the earliest, Turonian sea level was probably at its highest and, by this time, the Cornubian Island had almost
disappeared. Flint gravels on the Haldon Hills and at Orleigh Court in
North Devon contain remains of invertebrate fossils from the Turonian–
Campanian interval and probably record the continued submergence
of large parts of S.W. England (Hart, 1999, his ﬁg.8) at that time.

GREENHOUSE TO ICEHOUSE
The end-Cretaceous extinctions involved a wide range of animals
(dinosaurs, ammonites, etc.) and plants (coccolithophores) and, while
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some organisms were barely affected, the debate rages over the nature
of the event: see Schulte et al. (2010), Keller and Adatte (2011) and
Hart et al. (2012) for the opposing views. Whether the extinction
were caused by the volcanic eruptions of the Deccan Traps in India or
a single (or multiple) bolide impact in Mexico, it was not the end of
the Mesozoic greenhouse world. Stable isotope data from around the
world have been compiled (Zachos et al., 2001) into a record of Cenozoic climate change. Figure 21 shows that, even after the end-Cretaceous events, global temperatures remained relatively high, culminating
in the mid-Eocene climatic optimum. In the Paleogene there were also
a number of signiﬁcant, short-lived, hyperthermal events (Zachos et
al., 2001; Lourens et al., 2005) which include the dramatic Paleocene–
Eocene Thermal Maximum (PETM). Evidence of these and other
changes are seen in the Cenozoic successions of Southern England,
including the Isle of Wight, but there are no sections of this age to
study in the Torbay area. In the Eocene–Oligocene, movements on the
Lustleigh-Sticklepath Fault controlled the formation of the Bovey
Basin near Newton Abbot and the climate record within these clays is
currently under investigation. Recent work on the Isle of Wight has
shown that the onset of glacial expansion in Antarctica (Fig. 21) – the
so-called Oi-1 event – may also be recorded in the Bovey Basin.
During the Oligocene–Miocene–Pliocene the global climate cooled
and, while there were warmer interludes (e.g., the mid-Miocene Climatic Optimum) the general trend was for cooling. This caused the
volume of ice to expand in the Antarctic and, eventually, the Arctic.
The build-up of ice volume caused global sea level to fall and this is
recorded in the changing coastline of S.W. England. The various
marine erosion surfaces that dominate the landscape of the peninsula
record these changes as demonstrated by Hart et al. (2011). The landscape of S.W. England is much inﬂuenced by these changes in sea level
and the resultant plateaux surfaces can be seen all around Torbay and
the South Hams. These surfaces have been dissected by the subsequent down-cutting of rivers when sea level was reduced still further
during Pleistocene glacial advances. The glacial/interglacial cycles
repeatedly formed, and terminated, the land connection between Britain and the continent which allowed the repeated colonisation
of these islands by the earliest hominins. Kents Cavern, along with
other sites at Happisburgh (Norfolk), Pakeﬁeld (Suffolk), Boxgrove
(Sussex) and Swanscombe (Kent), provide an interesting record of
successive invasion and strategic, climate-induced, retreat.
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Figure 21. Temperature curve for the Cenozoic based on stable isotope analysis of
(mainly) foraminifera.The main glacial events are indicated. Diagram adapted from the
published work of Zachos et al. (2001).The record shows the post-Eocene cooling and
the key events of the last 70 million years.

Deposits of the Pleistocene and Holocene (2.5 million years ago
to Recent) are in the form of cave deposits, raised beaches and head.
The most famous cave deposits are those of Kents Cavern where
the deposits include breccias, cave earths and stalagmite ﬂoors.
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The scientiﬁc excavation of the caves was begun by William Pengelly
(Warren and Rose, 1994) on the 17 March 1865. With the approval
of the cave’s owner, and a grant from the British Association, Pengelly
embarked on a 15 year excavation of the caves during which time
more than 80,000 different objects were collected and catalogued
(Lundberg and McFarlane, 2008; Powe, 2008). Pengelly was, however, not the ﬁrst to investigate the caves as this had begun in 1825.
Father John MacEnery came to Torquay from Ireland in 1822,
appointed as Chaplain to the Carey family at their home in Torre
Abbey. MacEnery developed an interest in archaeology and, despite
being a Roman Catholic priest, began to excavate the caves between
1825 and 1829 (MacEnery, 1859). With the bones of cave bears, hyenas, cave lion, bison, woolly rhinoceros, mammoth and scimitar cats
he found ﬂint tools that indicated the presence of ‘early’ hominins in
the caves. The recognition that hominins had sheltered in the caves
alongside now-extinct animals must have been a challenge to this
young priest’s faith as it clearly pointed to an antiquity of man well
beyond the biblical account.
William Pengelly and his team made meticulous notes, all preserved
in Torquay Museum as a series of diaries (Pengelly, 1864–1880) and
‘exploration journals’ (Torquay Museum, www.torquaymuseum.org –
see collections/archives). Pengelly also reported his ﬁndings in the early
volumes of the Devonshire Association and elsewhere (Pengelly, 1864–
1884). Since that time research has continued, as it does today. In the
128 years of post-Pengelly research there is now a record of ~500,000
years of intermittent hominin occupation (MacFarlane and Lundberg,
2005; Lundberg and McFarlane, 2008). The earliest evidence is in the
form of Acheulian cultural artifacts that are indicative of pre-Neanderthal Homo (perhaps close to Homo heidelbergensis). These are recorded
in Marine Isotope Stages 15–11 (Cromerian Interglacial Complex). The
record of hominin occupation is, naturally, related to climate as there is
strong evidence all over the U.K. that during glaciations, when even
South Devon would have suffered harsh peri-glacial conditions, the
people migrated away from the area. During interglacial conditions
they were able to migrate north again, although it would have been an
interesting balance between the warming climate and the rising sea level
that would have separated the British Isles from the rest of Europe.
In MIS 11–10 (~430,000–340,000 years before present) there are no
known artifacts in the region and one can only assume that this is either
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collection failure or a genuine lack of hominins. During the Ipswichian
Interglacial (MIS 5) hominins were again present and in the warmer
climate of MIS 5.5 (~125,000 years before present) sea levels were
higher than those of day: evidence for this coming from the raised beach
preserved on Hope’s Nose (Fig. 22a & b). In the Devensian Glacial
Stage (MIS 4–2) there was severe frost impact on the cave with calcite
layers being shattered and soliﬂuction of cave earths. In these deposits
the ‘Kents Cavern jaw’ was discovered. Dating this hominin maxilla has
proved difﬁcult and not without some controversy. Found in 1927, this
upper jawbone was dated at ~31,000 years before present and tested to
see if it could be Neanderthal in origin. Recently (2011) it has been reinvestigated (Higham et al., 2011; Mellars, 2011) and the date revised
to 44,200–41,500 years before present, making it the oldest modern
human fossil in north-western Europe. It also conﬁrms that modern
humans co-existed with Neanderthals at that time. Research on the
cave continues and there is a growing body of literature on the results
of these investigations (e.g., Benyon et al., 1929; Smith, 1940; Kennard,
1945; Vatchell, 1953; Rogers, 1956; MacFadyen, 1970; Campbell and
Sampson, 1971; Pearce, 1973; Straw, 1983, 1996; Silvester, 1986;
Lister, 1987; Proctor and Smart, 1989; Proctor, 1996; Campbell et al.,
1998; Leveridge et al., 2003; Stringer, 2006; White and Pettitt, 2009;
Chandler et al., 2010).
To most visitors, however, Kents Cavern is a ‘show cave’ and open
to the public (Fig. 23a & b). The ﬁrst visitors arrived in 1880 (Powe,
2008) and, since that time, over 6 million people have been through
parts of the cave system. Visitors include the future King George V (in
1879), Beatrix Potter (1893) and the exiled Emperor Haile Selassie
(1937). Agatha Christie (who lived in Torbay) referred to the caves in
one of her novels (The man in the brown suit, written in 1924). In
1952 Kents Cavern was notiﬁed as a Site of Special Scientiﬁc Interest
(SSSI) and placed under legal protection. It is also a gateway site for
the English Riviera Global Geopark.
The raised beaches of Torbay are also signiﬁcant, recording the elevated sea levels of the Pleistocene interglacials. The best known of the
raised beaches is seen ~9 m above O.D. on the southern tip of Hope’s
Nose (SX 9475 6330, Fig. 7a). The beach sediments are a series of carbonate-cemented sands with layers of pebbles and, in places,
a signiﬁcant shell content. The base of the raised beach (Fig. 22a) is
marked by a boulder bed of limestone blocks with subordinate slate and
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Figure 22. Raised beach at the south-east extremity of Hope’s Nose. (a) View from
below showing the conglomeratic base of the raised beach; (b) View from above
showing the oyster pavement.
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Figure 23. Kents Cavern,Torquay. (a) The ‘Long Arcade’ showing the prominent (white)
layer of crystalline stalagmite that marks the original cave floor prior to the excavation
of the underlying breccia and fluvial deposits (© Kents Cavern); (b) The ‘Rocky Chamber’
with the ‘Wedding Cake’ stalagmite (© Kents Cavern).

The Geodiversity of Torbay

75

Figure 24. World palaeogeography at the time of the Last Glacial Maximum (20,000 –
22,000 years before present) (©Ron Blakey, reproduced with permission).

vein quartz. There is also a distinctive ‘oyster pavement’ that represents
a period of colonization by Ostrea (Fig. 22b). There is a coeval raised
beach on Thatcher Rock (Hunt, 1888), with both thought to have been
formed during Marine Isotope Stage 5.5 (5e) of the Ipswichian Interglacial (circa 120,000–125,000 years b.p.) although some consider them
to be older. Between Shoalstone Point and Berry Head there are the
remnants of another raised beach ~7 m above O.D., which marks a
time of slightly lower – but still higher than today – sea level.
Head comprises poorly stratiﬁed deposits of clay, silt, sand, gravel
and (often angular) lithic clasts that have been transported downhill
by peri-glacial soliﬂuction. In small exposures head is often described
as ‘soil’ as its appearance, without the visible signs of transport, is
that of a normal soil proﬁle. All around S.W. England, head gives cliff
proﬁles a characteristic shape with a slope of head that ends above the
modern cliff line (Cullingford, 1982, his ﬁg. 11.11). There are considerable accumulations of head in Paignton (SX 891 619), near Torre
Abbey (SX 908 638) and on Black Head (SX 937 645).
After the Last Glacial Maximum (Fig. 24: 22,000–18,000 years
b.p.) sea level rose, generating the present shoreline. Tor Bay was
ﬂooded and much of the bay covered in medium to ﬁne sands.
In several areas of Tor Bay there are important sea grass meadows
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that are home to signiﬁcant populations of cuttleﬁsh and seahorses
(Sadri et al., 2011). Living on the sea grass fronds and in the roots
systems are signiﬁcant assemblages for foraminifera, the empty tests
of which add to the local sediment. These important ecosystems are
candidate Marine Conservation Zones (MCZ) under recent conservation legislation (Leiberknecht et al., 2011).

THE FUTURE HIGH pCO2 WORLD
The Cenozoic record of Earth history shows the transition from a
greenhouse to an icehouse world with the progressive development of
ice in Antarctica and across the Arctic Ocean (Fig. 21). During the
Pleistocene, these areas of ice cover expanded and contracted a number of times following a rhythmic Milankovi´c cyclicity (e.g., Imbrie,
1985; Lisiecki and Raymo, 2007) that is well understood. With the
Last Glacial Maximum (22,000–18,000 years b.p.), the next signiﬁcant ice advance would be expected in ~80,000 years! However, following the end of the little Ice Age (Fig. 1), and the ‘industrial
revolution’ atmospheric pCO2 has risen inexorably to the present
(early 2012) level of 390 ppm. This has been caused by:
• The increasing human population;
• The increase in domesticated cattle and other ruminants; and
• The increased reliance on hydrocarbons (oil, natural gas, shale gas,
etc.) as an energy source.
There is now a major debate as to whether this matters and what the
consequences may be for the future of the planet (or, more speciﬁcally,
our future). The Intergovernmental Panel on Climate Change (IPCC)
has produced a series of reports that spell out the dangers of climate
change, the related sea level rise and ocean acidiﬁcation, although a
number of organisations (e.g., Global Warming Policy Foundation)
and individuals (e.g., Nigel Lawson) dispute the evidence and the
resulting needs for mitigation.
What is clear is that the CO2 record in ice cores shows quite conclusively (Rohling et al., 2009) that pCO2 has oscillated from
200–310 ppm during the glacial/interglacial cycles throughout
the last 400,000 years but has – during the life of the Devonshire
Association (1862–2012) – ‘accelerated’ to the present level of
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390 ppm. The IPCC predictions indicate a potential scenario of global
warming of 2º–3º C over the next century and a potential rise in sea
level of 0.80–1.00 m in the same interval. Ocean acidiﬁcation over the
same century could create untold damage to fragile marine ecosystems
(especially warm-water reefs) and many marine carbonate-secreting
organisms (Rodolfo-Metalpa et al., 2011; Wall-Palmer et al., 2012).
Any changes in climate, sea level and marine acidiﬁcation (pH)
will, inevitably, inﬂuence the processes operating in, and around,
S.W. England. If the deﬁnition of geodiversity suggested by Gray
(2004) is true, then these future changes – be they good or bad for
human existence – are an integral part of the future of Torbay.

SUMMARY
Torbay, and the English Riviera Global Geopark with its 32 designated geological sites, remains an important area for geological and
geomorphological research. This was recognised by William Pengelly
(1812–1894) when the Devonshire Association was established in
1862. While it is true that the geological systems are now deﬁned by
their ‘base’ as a Global Stratigraphic Section and Point (GSSP) and
not by a ‘characteristic area’ (e.g., Devon for the Devonian System),
the name Devonian is retained in international usage and Devon
remains an important reference point for the international geosciences community. Torbay is also an important area, because of its
Geopark status, in which to explain all aspects of ‘Earth future’ as
well as ‘Earth history’ to the wider community.
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