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A group of 44, including members of the Society, local visitors and students from Exeter College, assembled in the car park of the
Saunton Sands Hotel [SS 4572 3777] on an uninviting foggy and damp January morning. The purpose of the field trip was to
examine the sedimentology and structure of rocks spanning the Devonian/Carboniferous boundary and to investigate the nature
of the unconformably overlying Quaternary raised beach deposits on the interglacial shore platforms in the setting of the North
Devon coast. The trip included visits to two principal locations: Saunton Cliffs (AM) and Baggy Point (PM).
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INTRODUCTION
The Devonian and early Carboniferous succession exposed
on the coast of North Devon (Figure 1) comprises a thick
sequence (~6,000m) of terrigenous, brackish and shallow
marine deposits (Whittaker and Leveridge, 2011), that
traditionally was thought to have been laid down on the
southern margin of the Old Red Sandstone (ORS) continent in
a basin supplied with sediment from a migrating northern
boundary (Edmonds et al., 1979). South Wales was envisaged
to be an immediate source of fluvial sediment supply, and the
sequence in North Devon represents a more proximal setting
than the fully marine Devonian successions exposed in South
Devon. The Variscan Orogeny, which culminated in latest
Carboniferous to early Permian times, folded and faulted the
Devonian and Lower Carboniferous strata of the area.
Increasing knowledge of the stratigraphy and structure of the
marine Devonian rocks in South-West England, garnered
through a major long-term programme of detailed remapping
conducted by the British Geological Survey (Leveridge and
Hartley, 2006), has refined understanding of Devonian and
Carboniferous environments in the region such that deposition
is now seen as having taken place in a series of down-faulted
half and full grabens that developed sequentially across the
passive margin of the Old Red Sandstone continent (Leveridge
and Shail, 2011). Furthermore, it is now thought unlikely that
the sediments in the North Devon Basin were sourced from
South Wales, but rather from a setting located well to the southeast and to the west of the Ardennes (Whittaker and Leveridge,
2011) because of major late Carboniferous strike-slip
displacement of what is now the North Devon area along the
Bristol Channel-Bray Fault System (Shail and Leveridge, 2009).
The field excursion provided a chance to examine two
formations at the top of the Devonian succession in the North
Devon Basin. In the morning, the group studied the Pilton
Mudstone Formation (formerly known as the Pilton Beds or

Pilton Shales), which is transitional in age across the
Devonian/Carboniferous boundary (358.9 Ma).
In the
afternoon, the underlying Upper Devonian (Famennian stage)
Baggy Sandstone Formation was inspected near to its rather
arbitrary boundary with the overlying Pilton Mudstone Formation.
Unconformably overlying the Devonian and Lower
Carboniferous rocks of the North Devon coast are Quaternary
deposits that have attracted attention and controversy for more
than 170 years (Harrison and Keen, 2005; Rolfe, 2015). These
sediments sit on raised shore platforms cut into the Pilton
Mudstone Formation that range in height from 0–6 m, through
5.5–7.6 m to 10.7–15.0m O.D. Although showing considerable
lateral and vertical variations, these deposits have a generalized
sequence from the base upwards of encrusting barnacles,
erratic boulders, raised beach conglomerate, cemented sand
(‘sand-rock’) and Head (a diamicton consisting of coarser
angular particles set in a finer matrix); see Campbell and Gilbert
(1998). The field excursion provided the opportunity to
examine this sequence in detail and to interpret what it reveals
about the changing palaeoenvironments during the Middle and
Upper stages of the Pleistocene epoch (c. 774.0 –11.7 ka).

THE CLIFFS AT SAUNTON SANDS
[SS 4572 3765 – SS 4401 3787]
The Thematic Trail ‘Saunton Cliffs’ booklet (Keene and
Cornford, 1995) was distributed as additional field notes which
encourage interpreting the location via a self-study format. The
group descended to the modern beach which is c. 500m wide
at low tide, has a simple non-barred form, and is comprised
mainly of fine sand that has a high calcium carbonate content
(~30% CaCO3) derived largely from finely broken shells (Keene
and Cornford, 1995). The beach is subjected to a high mean
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Figure 1. Locations visited in relation to the geology of Bideford
Bay.
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tidal range of 7.5m. It experiences some of the strongest wave
energy in the UK but its low gradient means it is classified as a
dissipative, rather than reflective, beach (Scott et al., 2011).
Landward of the foreshore is the large, stabilised sand dune
system of Braunton Burrows which covers an area of 5 x 106 m
and rises to over 30 m in places (Keene and Cornford, 1995).
Braunton Burrows is probably a relict dune system from an
earlier, and windier, period in the Holocene Epoch (lasting 11.7
ka), but which was heavily modified in 1943 during American
amphibious training for the World War II D-day landings (Bass,
1991). Before walking to the cliffs on the northern side of
Saunton Sands, the party was given a very entertaining
explanation (Figure 2a) of why the modern beach provides an
excellent analogue for the Pleistocene raised beaches on the
North Devon coast. Features such as the plane bed with
parting lineations (aligned grains) of the modern swash zone
are formed by shallow flows in the upper flow regime and are
preserved as parallel laminated sandstones in raised beaches,
whereas dune bedforms created in the deeper water and lower
flow regime of the shoreface can be recognized as crossbedded sandstones in the Pleistocene sand-rock deposits.
Inspection of the Pleistocene, carbonate-cemented sand-rock
in the cliffs at the eastern end of the section (Figure 2b)
revealed that they lie on an irregular shore platform cut in the
Pilton Mudstone Formation, which is encrusted with abundant
fossil barnacles. This represents a former rocky shoreline that
was formed in an interglacial period when sea-level was at least
1–2 m above present. A thin layer of sand infills the
irregularities and grades upwards into a layer of coarse pebbles,
which is overlain by units of cross-bedded and parallel
laminated sandstones. Cross-bedding provides evidence of
onshore currents, offshore rip currents and longshore currents
parallel to the palaeo-shoreline, and also indicates deposition
under the lower flow regime. In contrast, the overlying parallel
laminated sandstones were deposited under the upper flow
regime. A sequence stratigraphical interpretation points to
deposition in a transgressive-regressive cycle involving
deepening from foreshore, across a ravinement surface to
shoreface (sub-fairweather wave-base) environments, followed
by shallowing through lower and upper foreshore/backshore
with possibly a reduced tidal range compared with the present
day. In the upper part of the cliff, sand-rock is overlain by a
considerable thickness of Head (up to 21 m) which was formed
by solifluction under periglacial conditions (Figure 2c). There is
some evidence that the deposit can be divided into an upper
finer layer and a lower coarser unit which has led to
speculation that there were two heads formed in different cold
phases of the Middle and Upper Pleistocene (Stephens, 1970).
However, it is more likely that this lithological variation reflects
climatic variation during the latest (Devensian) cold stage
(110–11.7 ka).
Walking westward, the group had an opportunity to examine
a well-exposed strike section in the Pilton Mudstone Formation
which forms the rocky shore platform (Figure 3a). At this
location, the formation comprises shales (mudstones) with thin
fine-grained sandstones and fossiliferous limestones; ripple
lineation is common, sandstones locally exhibit load casts, and
in places sandstone boudins are present (Edmonds et al., 1979).
Crinoids and an excellent example of hummocky crossstratification were observed (Figure 3b). The latter sedimentary
structure comprised a sand lens some 1 m in circumference and
up to 0.15 m thick but with a convex-upward top. Such features
are usually formed by large storms in water depths below fairweather wave base and above storm-weather wave base. At
Saunton Sands, the lower parts of the Pilton Mudstone
Formation are exposed and were deposited in a shelf sea or
nearshore, deltaic environment (Whittaker and Leveridge,
2011). Subsidence of the passive continental margin associated
with formation of the Culm Basin further to the south, however,
led to deepening of the marine environment in the North
Devon Basin and a fining of the sediments of the Pilton
Mudstone Formation higher up in the succession (Whittaker
and Leveridge, 2011).
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Figure 2. (a) Explanation of beach hydrodynamics at Saunton Sands. Photograph courtesy of Bruce Webb; (b) Section in raised beach
in cliff to north of Saunton Sands showing different sedimentary structures in cemented sand-rock. Photograph courtesy of Bruce Webb;
(c) Periglacial head deposit overlying sand-rock. Photograph courtesy of Bruce Webb.

Figure 3. Pilton Mudstone Formation. (a) Strike section dipping steeply to the south (left). Photograph courtesy of Bruce Webb;
(b) Hummocky cross-stratification, crinoids and quartz-filled fractures (2p piece for scale). Photograph courtesy of Bruce Webb;
(c) Parasitic fold displaced by dextral fault. Photograph courtesy of David Dickinson.
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The mudstones are strongly compacted with local
development of mild cleavage, and the occasional sandstone
beds are cut by quartz-filled fractures, as a result of the Variscan
Orogeny, when this level of the North Devon Basin fill was
buried to some 6–8 km below the palaeosurface, strongly
folded and the faulted.
In addition to any overlying
Carboniferous strata, burial appears to have been associated
with thrusted cover, and the section was brought back to the
surface by uplift and erosion in the early-mid Permian (Green
and Conford, 2017). A right-way-up succession dipping steeply
to the south was observed at Saunton as one limb of a large
(~km wavelength) fold, and the rocks were cut by more than
one set of quartz-filled fractures orientated approximately
north-south (Figure 3b). A parasitic fold and a NW–SE trending
fault with drag roll over were seen on the southern limb of the
large anticline (Figure 3c).
In somewhat worsening weather, the group reached the end
of the section where the famous giant ‘pink granite’ erratic is
exposed (Figure 4a). This massive, rounded boulder of
pink/red veined and foliated granite, estimated as weighing
10–12 tonnes, sits on the shore platform partly sealed in by the
overlying beach deposits. Its historical significance is as the
first of more than 20 erratic boulders of various lithologies to be
described along the coast between Saunton and Putsborough
(Taylor, 1956; Madgett and Inglis, 1987). It is thought to have
originated from North-West Scotland, possibly from the
Gruinard Bay area (Dewey, 1910), but there has been much
debate concerning the mechanism of transport and
emplacement (Sims, 1996) proposals for which have included a
lag from an eroded glacial till deposited by an ice sheet abutting
the North Devon Coast, and a drop-stone from a grounded
iceberg that floated from a calving ice-margin to the north
(Keene and Cornford, 1995). The puzzle of why glacial erratics
are located on interglacial raised platforms might be resolved
by assuming a trend of falling sea-levels throughout the

Pleistocene whereby earlier cold stage low-stands may have
been at the same height as later warm stage high-stands.
Alternatively, glacio-isostatic effects of a large ice sheet with a
terminus not too distant from North Devon might have had
complex influences on relative sea levels which could have
allowed icebergs to impinge on the coast at higher sea levels
than those associated with glacial low-stands. The sand-rock
above the giant erratic suggests evidence for two separate
transgressive-regressive sequences separated by a well-defined
palaeosol with rhizocretions indicating the development of a
terrestrial surface (Figure 4b). Field and laboratory studies of
the material cementing the sand-rock have provided evidence
for both meteoric phreatic and vadose cementation and have
shed light on the nature of palaeo-groundwater flows in the
sand-rock bodies.
Well developed ‘karstic’ pipes, some
following a ‘dog-leg’ trend, are seen to originate from the base
of the overlying head and to penetrate through the sand-rock
layers (Figure 4b).
Dating of the events represented by the Quaternary
sequence in North Devon (Figure 4c) has been contentious
(Campbell and Gilbert, 1998). The shore platforms at the base
of the sequence may be composite features eroded in several
warm stages pre-MIS (Marine Isotope Stage) 12. It has been
argued that the erratics may have been deposited at the time of
the Anglian Glaciation (MIS 12) but could be younger. The
interglacial, sand-rock deposits have often been ascribed to MIS
5e (Ipswichian) but evidence of two sea-level cycles may point
to a MIS 7 age for the first, and an MIS 5e age for the second.
The overlying head is generally regarded as being of Devensian
(MIS 4–2) age. In reality, many of the dating techniques
employed, including those based on amino-acid ratios and on
optically stimulated luminescence (OSL), are not without
problems, especially when applied to nearshore cemented
sands, so that a definitive chronology is still awaited.

Figure 4. (a) Giant ‘pink granite’ erratic partly sealed to raised shore platform by sand-rock. Scale is 9 cm long. Photograph courtesy of
Bruce Webb; (b) Cliff section above erratic showing palaeosol horizon and piping in sand-rock. Photograph courtesy of Bruce Webb;
(c) Generalised Quaternary sequence in cliffs at Saunton Sands from Keene and Cornford (1995).
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BAGGY POINT [SS 4320 3765 – SS 4244 4015]
In dry, but still low visibility conditions, the group made its
way along the track westwards from the National Trust car park.
Passing Baggy House, which in the eyes of the Royal Institute
of British Architects ‘has become one of the best-known and
loved modern private homes in the UK’, the group reached the
coast and had views of the Pilton Mudstone Formation near to
its junction with the underlying Baggy Sandstone Formation
(Figure 5a). Here the Pilton Mudstone Formation comprises
mudstones, silty mudstones, thin fine-grained sandstone beds
(up to 0.1 m), showing ripple marks and load casts, and thin

limestone beds that weather to a brown colour. Trilobites and
productellid brachiopods indicate an age of late in the
Famennian stage of the Devonian, and the environment of
deposition was shallow marine (Whittaker and Leveridge,
2011). The Pilton Mudstone Formation at this locality dips
steeply southwards in the southern limb of a major fold with
parasitic folds showing flexural slip occurring on the limbs of
the major structure (Fig. 5a).
The junction of the Pilton Mudstone and underlying Baggy
Sandstone Formation is taken by Whittaker and Leveridge
(2011) to be the ‘Slumped Bed’ (Fig. 5b, d) where the sequence
of homogeneous mudstone layers and cross-bedded sandstone

Figure 5. South side of Baggy Point promontory. (a) Steeply dipping Pilton Mudstone Formation with parasitic folding. Photograph
courtesy of Bruce Webb; (b) Slumped beds at junction between Pilton Mudstone Formation and underlying Baggy Sandstone Formation.
Photograph courtesy of Robin Shail; (c) Small scale extensional faulting in slumped sandstone bed. Photograph courtesy of Robin Shail;
(d) Relationship of the slumped and phosphatic beds; (e) Raised beach at Pencil Rock [SS 4222 4036]. Photograph courtesy of Bruce Webb.
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beds have been broken into discrete blocks by gravity-driven
failure down a local palaeo-slope. Some of the sandstone beds
in this slumped unit show small-scale extensional faulting (Fig.
5c) which probably developed as ‘soft-sediment’ deformation
during the slumping process. Deposition on a sub-marine delta
front, possibly related to distributary migration, is the likely
cause of this slumped unit.

The Baggy Sandstone Formation exhibits very marked facies
variation with beach, fluvial and shoreline, as well as delta,
environments represented (Goldring, 1971). Not far down the
succession from the slumped unit and the junction with the
overlying Pilton Mudstone Formation (Fig. 5d) is a remarkable,
thin (10 mm), brown weathered, winnowed bed dominated by
phosphatic remains of aligned fish bones and scales (Fig. 6a,b),

Figure 6. Micrographs of the fossiliferous winnowed phosphatic horizon near top of Baggy Sandstone Formation. (a) Fish bones and
scales; (b) Possible fish vertebrae in a phosphatic coprolite; (c) Orthocone nautiloid and fish bones (possibly scales); (d) Gastropods in
phosphatic matrix.
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together with orthoconic (straight, uncoiled) nautiloids,
gastropods (Fig. 6c,d) and coprolitic material. Strong alignment
of the orthocones and imbricate stacking of the platy fish scales
are indicative of the effects of bottom currents in this late
Devonian seaway. Furthermore, mass mortality, as well as the
preservation and presence of ‘dwarf’ or ‘juvenile’ forms in this
bed suggest a rapid but short-lived change in water conditions,
likely associated with an oceanic anoxic event. It is interesting
to speculate whether this thin phosphatic bed at Baggy Point is
the distal echo of anoxia developed in late Devonian basins of
western Canada (Fowler et al., 2004) and south-eastern Algeria
(Peters and Creany, 2004).
In the vicinity of the winnowed bed, there were fine
examples of ‘shale pencils’ of rock generated by the interaction
of cleavage and bedding. Looking north-westward along the
coast towards Baggy Point it was possible to discern in the
gloom the raised beach deposit at Pencil Rock (Fig. 5e) which
differs from the sand-rock at Saunton Sands in lying on a higher
shore platform and containing appreciable amounts of
sandstone and shale blocks and shale slivers at the base of the
deposit (Campbell and Gilbert, 1998). Unfortunately, the poor
visibility did not permit a view southward across Bideford Bay
to the high land and plateau surfaces between Hartland and
Bideford and therefore no opportunity was afforded to discuss
the age and origin of these features.

SHAIL, R.K. and LEVERIDGE, B.E. 2009. The Rhenohercynian passive margin of SW
England:development, inversion and extensional reactivation. Comptes Rendus
Geoscience, 341, 140–155.
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It must be noted that Chris Cornford died on 4th November
2017. He led this field excursion with his characteristic
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his death. His service to the Ussher Society was one of the
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