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Four new outcrops of the North Curry Sandstone Member (Dunscombe Mudstone Formation, late Triassic) are described. Data
derived from this formation have, in previous publications, formed a central part of the theory of increased humidity during this
time, with arid facies occurring above and below through the rest of the Mercia Mudstone Group (late Triassic). Each of the four
of the outcrops show unusual facies including dissolution breccias and halite crystal pseudomorphs. These features appear to
contradict the widely-held view of a humid phase at this time: the North Curry Sandstone Member may have eroded down into
underlying evaporites through basin-margin onlap and erosion.
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INTRODUCTION
We report on new exposures of the late Triassic North Curry
Sandstone Member (Dunscombe Mudstone Formation) west
and east of Taunton (Somerset). This sandstone and grey
mudstone unit interrupts a succession of predominantly red
calcareous and evaporite-bearing mudstone of the under- and
overlying Mercia Mudstone Group. As such it has been claimed
that it represents a period of global humidity (Carnian Stage,
late Triassic) termed the Carnian Pluvial Episode or Carnian
Humid Phase (Ruffell et al., 2016). The theory of the Carnian
Humid Episode was initiated by a study (by AR) of sandstone
exposures that are adjacent to those newly described herein,
making these small, and seemingly insignificant exposures of
global significance. Our work (below) describes evaporite
dissolution features such as solution breccias and halite
pseudomorphs, indicative of evaporation: a paradox that needs
to be clarification.

LATE TRIASSIC STRATIGRAPHY OF THE WESTERN
WESSEX BASIN (INCLUDING THE MENDIP HILLS,
POLDEN HILLS AND TAUNTON DEANE)
The stratigraphy of the Mercia Mudstone Group in the
western Wessex Basin, and in adjacent areas to the north,
shows considerable similarities throughout. It comprises a tripartite formational stratigraphy, with minor, laterally
impersistent formations and members within. Both Howard et
al. (2008) and Gallois and Porter (2006) provide a
stratigraphical nomenclature: the latter is used herein, although
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the former is referred to as appropriate. The Dunscombe
Mudstone Formation includes the (calcareous) Lincombe
Member, and the arenaceous North Curry and Sutton
Mallet/Butcombe sandstone members: the subject(s) of this
work. In basin-centre successions, the Somerset Halite Member
of Howard et al. (2008), has been encountered (e.g., in the
Burton Row Borehole, in NE Somerset (Gallois, 2003, and
references therein). In this borehole, a discrete horizon of
Dolomitic Conglomerate was identified above the halite. Of
note is Gallois and Porter’s (2006, fig. 3) observations of
‘breccia, angular clasts of variously coloured mudstones and
limestones in a mudstone matrix’: these show some similarities
to the facies described below.
The Branscombe Mudstone Formation succeeds the
Dunscombe Mudstone Formation and comprises the remainder
of the red-bed dominated Mercia Mudstone succession. The
calcareous mudrock of this formation show textural similarities
to the red-bed parts of the underlying Sidmouth Mudstone and
Dunscombe Mudstone but with one notable exception: the
latter hosts halite, whereas the Branscombe Mudstone hosts
only gypsum/anhydrite. Parts of, or the entire Mercia Mudstone
Group succession pass laterally toward basin margins into
either thin palaeosol deposits (such as in the east of the Wessex
Basin, see Burley, 1984) dominated by lacustrine limestonecalcrete, shoreline successions (as seen in South Wales; see
Tucker, 1977, 1978) or into marginal breccias and
conglomerates typified by the so-called Dolomitic
Conglomerate of the Mendips (Etheridge, 1870; Howard et al.,
2008).

Evaporite dissolution in the North Curry Sandstone Member
Minor fluvial sandstones are a local component of parts of
the red-bed facies (presumably more arid) of the Mercia
Mudstone Group both below and above the Dunscombe
Mudstone Formation, particularly towards basin margins. The
Wessex Basin succession includes (Ruffell, 1990) the Poole
Brickpits Sandstone Member within the Sidmouth Mudstone
Formation, perhaps equivalent to the Redcliffe Sandstone; the
West Buckland Member (perhaps correlated with the Somerset
Halite Member or parts thereof); and the Cotlake Member in the
Branscombe Mudstone Formation. In the Chew Valley basin to
the north of the Mendip Hills the Mercia Mudstone Group
contains several named sandstone units both above and below
the Butcombe Sandstone (Green and Welch, 1965), while unnamed sandstones also are developed below the Arden
Sandstone in the Severn Estuary. Significantly, some of these
sandstones show clear evidence of deposition in predominantly
arid environments. Some of those in the Chew Valley basin
contain celestine nodules or calcite replacements after
gypsum/anhydrite nodules (Green & Welch, 1965), while others
along the Severn Estuary have numerous well-formed halite
pseudomorphs on both upper and lower surfaces and occur
within a mudstone sequence dominated by vertisols indicating
arid or semi-arid conditions (personal observations by
M.J. Simms). Thus evaporites (including halite) are known to
co-occur with sandstones in the Mercia Mudstone Group, but as
yet they have not been recorded in the North Curry Sandstone
Member.

FOUR NEW NORTH CURRY SANDSTONE MEMBER
OUTCROPS DESCRIBED
Lipe Hill (between Taunton and Wellington,
Somerset)
The sunken lane (roadway) exposure of the Arden
Sandstone Formation described by Ruffell and Warrington
(1988) was located by Ussher (1906), during his mapping of the
area between Wellington and Chard, as a lenticular feature
extending in a north-south direction over about 3–4 km. The
succession exposed there was one of the focal points formed at
the centre of the publications that originally promoted the
Carnian Pluvial Episode (see above). The original exposure in
the lane reported on by Ruffell and Warrington (1988, and
extending north and south from grid reference ST 18722150)
and detailed in Porter and Gallois (2008) is now degraded with
slipped rock and vegetation. However, a nearby construction
excavation, some 10 m to the north of the base of the
sandstone, has exposed about 3 m of the basal bed and
succeeding sandstone and mudstone (Fig 1). The basal bed of
the succession forms a cemented platform, comprising a 20–30
cm conglomerate (Fig. 2). This is poorly sorted, with clasts
dominated by white and pale cream limestone up to 5 cm in
diameter within a clastic matrix of quartz and feldspathic sand.
The topmost surface of this bed has abundant plant fossils. Thin
sections (Fig. 3) show textures that resemble dissolution

a

Figure 1. (a) Outcrop of the Lipe Hill platform: a = red Dunscombe Mudstone Formation; b = grey Dunscombe Mudstone Formation;
c = basal conglomerate (interpreted in text as a salt dissolution breccia) with plant fossils on the upper surface; d = faulted sandstone and
mudstones of the North Curry Sandstone Member: (b) Outcrop and interpretation of the faulting at the Lipe Hill platform location (Fig. 1a).

b
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Figure 2. Various images of the basal conglomerate (dissolution breccia) of bed c (Fig. 1a) from the base of the North Curry Sandstone
Member, Lipe Hill, between Wellington and Taunton, Somerset.
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Figure 3. Thin section of the matrix to Bed C (basal conglomerate, North Curry Sandstone Member, Lipe Hill), showing sub-rounded to subangular and angular clasts of calcareous mudstone with quartz and lithic silt particles included: (A) patches of highly birefringent
dolomite; (B) cemented by a network of chaotic calcite (C).

breccias developed where salt has been dissolved (see
Anderson et al., 1978; Broughton, 2013). Typical North Curry
Sandstone Member (Gallois and Porter, 2006) facies occur
above this basal conglomerate, with fine-grained, ripple-drift
cross-laminated sandstone inter-bedded with blocky blue and
grey to dark grey mudstone. Bedding planes between these
lithofacies contain plant fossils, Euestheria and trace fossils such
as Planolites. The exposure is heavily faulted, with an unusual
array of extensional structures that are not seen in the strikeparallel lane section only 10m to the south. The original lane
exposure occurs either side of a public road and is accessible.
The new exposure is under private ownership, but access may
be arranged through the first author (AR) of this work.

Daw’s Green Lane (between Taunton and
Wellington)
Approximately 1 km south east of, and along strike from, the
Lipe Hill exposures, there occurs a similar sunken lane (Daw’s
Green: grid reference ST 1911 2090) that exposes a blocky,
calcareous cemented mudstone dominated exposure of that we
interpret as a lateral equivalent to the North Curry Sandstone
Member. Subordinate (10–20 cm thick) pale nodular gritstone
and sandstone occurs above and below inter-bedded fine
grey/cream sandstones and grey blocky mudstones, both with
a calcareous cement. Limited exposure precludes detailed
outcrop facies or petrographic analysis here, but we will report
on the micropalaeontology and petrography of these beds is the
subject of ongoing work in subsequent papers. The nodular

gritstones have similar textures to the finer lithofacies of the
basal bed at Lipe Hill (above).

Knapp Quarry, Knapp, North Curry, Somerset
This exposure was mentioned by Warrington and Williams
(1984, p. 83) as being “the site of an old building-stone quarry
(ST 3050 2536) on this part of the outcrop is ... now
overgrown.” Consequently these authors selected a laneway in
North Curry (Moredon Lane) itself as their type section (see
Gallois and Porter, 2006). The overgrown quarry section (called
here ‘Knapp Quarry’) lies midway between the type sections of
the North Curry Sandstone (Warrington and Williams, 1984) and
historic exposures of vertebrate-bearing beds of the sandstone
formerly exposed at Ruishton (grid reference ST 2651 5245)
described by Moore (1861). The owners of Knapp Quarry have
recently cleared the site and exposed 3.5 m to 4 m of the North
Curry Sandstone Member. The bulk of the exposure comprises
the typical fine-grained, pale grey to cream coloured, crossstratified and ripple-drift cross-laminated sandstone of the unit
(Fig. 4a), inter-bedded with blue and grey massive, blocky
mudstone. Some plant fossils and Planolites trace fossils occur
but, unlike nearby localities, no Euestheria. In the basal
sandstone bed, abundant (spacing every 10–30 cm) hollow
squares, of 5 mm – 1 cm occur (Fig. 4b), some with crenulated
sides typical of salt (halite) hopper and/or pseudomorphs. This
appears to be the first record of the former presence of halite
within the North Curry Sandstone Member and equivalents in
England and Wales (e.g., Arden Sandstone).
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Figure 4. (a) Outcrop of the quarry face at Knapp Quarry, yellow field notebook is 30 cm long, exposed rock in quarry face that is
approximately 1.4 m at this location; (b) Typical salt pseudomorph (arrowed). Pencil is 7 cm in length.

Figure 5. Moorlinch (Sutton Mallet, Bridgewater). (a) overview of the main sandstone outcrop on the east side of the sunken lane south
of Moorlinch village. The ski pole (scale) is 1.5 m in length; (b) the basal contact of the Sutton Mallet Sandstone Member (ref. Gallois and
Porter, 2006) at Moorlinch, on the western side of the sunken lane described in text; (c) examples of the basal, coarse sandstone to gritstone facies.
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Sutton Mallet and Moorlinch, Bridgwater,
Somerset
These scarp-exposed outcrops north of Bridgwater in
Somerset are mapped on the 1:250,000 British Geological
Survey on- and off- shore maps, and described by Porter and
Gallois (2008) and Ruffell (1991). The main outcrop occurs in
Sutton Mallet itself (ST 37063645). Further exposures occur in a
sunken lane at Moorlinch (grid reference ST 3976 3650), where
2 m of inter-bedded cream to grey cross-bedded sandstone
beds (10cm to 40cm thick), occur inter-bedded with 5–15 cm
thick blue to grey blocky mudstone (Fig. 5). The base of the
sandstone comprises a coarse gritstone of unknown thickness
as the base is unexposed. This gritstone shares lithofacies
similarities to the basal sediments at Daw’s Green (above).

DISCUSSION
The key sections of Knapp (North Curry) and Lipe Hill
(Wellington) contain salt hopper marks at the former location,
in the basal sandstone, and a very unusual breccia (at the latter)
that we interpret as a salt dissolution deposit. These
observations appear at odds with the interpretation of the
sandstones representing the local expression of a phase of
more humid climates (Dal Corso et al., 2012). The Lipe Hill
section maybe reconciled with this as perhaps the sandstonebearing waters eroding down into evaporites, reworking them
as a cemented dissolution breccia. The halite pseudomorphs in
the basal sandstone beds of Knapp Quarry are more
problematic: perhaps the early period of North Curry Sandstone
Member times was not as humid as envisaged.

MOORE, C. 1861. On the Zones of the Lower Lias and the Avicula contorta Zone.
Quarterly Journal of the Geological Society of London, 17, 483–516.
RUFFELL, A. and WARRINGTON, G. 1988. An arenaceous member in the Mercia
Mudstone Group (late Triassic) south-west of Taunton, Somerset. Proceedings
of the Ussher Society, 8, 102–103.
RUFFELL, A. 1990. Stratigraphy and structure of the Mercia Mudstone Group
(Triassic) in the western part of the Wessex Basin. Proceedings of the Ussher
Society, 7, 263–267.
RUFFELL, A. 1991. Palaeoenvironmental analysis of the late Triassic succession in
the Wessex Basin and correlation with surrounding areas. Proceedings of the
Ussher Society, 7, 402–407.
RUFFELL, A., SIMMS, M.J. and WIGNALL, P.B. 2016. The Carnian Humid Episode
of the late Triassic: a review. Geological Magazine, 153, 271–284.
TUCKER, M.E. 1977. The marginal Triassic deposits of South Wales: continental
facies and palaeogeography. Geological Journal, 12, 169–188.
TUCKER, M.E. 1978.Triassic lacustrine sediments from South Wales; shore-zone
clastics, evaporites and carbonates. In: MATTER, A. and TUCKER, M.E. (eds),
Modern and Ancient Lake Sediments, Special Publication International
Association of Sedimentologists, 2, 205–224.
USSHER, W.A.E. 1906. The geology of the country between Wellington and Chard.
Memoirs of the Geological Survey, England. Memoirs of the Geological Survey,
England and Wales (Sheet 311). HMSO, London, 109pp.
WARRINGTON, G. and WILLIAMS, B.J. 1984. The North Curry Sandstone Member
(late Triassic) near Taunton, Somerset. Proceedings of the Ussher Society, 6,
82–87.

ACKNOWLEDGEMENTS
We thank the residents of Lipe Hill and to Karen Langdon at
Knapp: both these locations are on private property and cannot
be entered without the owner’s permission. Thanks also to
Wolfram Kurschner (Oslo) and Geoff Warrington for advice and
assistance. We thank Ramues Gallois and Andy Howard for
their thorough reviews.

REFERENCES
ANDERSON, R.Y., KIETZKE, K.K. and RHODES, D.J. 1978. Development of
dissolution breccias, northern Delaware Basin, New Mexico and Texas.
Mexico Bureau of Mines and Mineral Resources, Circular 159, 47–52.
BROUGHTON, P.L. 2013. Devonian salt dissolution-collapse breccias flooring the
Cretaceous Athabasca oil sands deposit and development of lower McMurray
Formation sinkholes, northern Alberta Basin, Western Canada. Sedimentary
Geology, 283, 57–82.
BURLEY, S.D. 1984. Patterns of diagenesis in the Sherwood Sandstone Group
(Triassic) United Kingdom. Clay Minerals, 19, 403–440.
DAL CORSO, J., MIETTO, P., NEWTTON, R.J., PANCOST, R.D., PRETO, N.,
ROGHI, G. and WIGNALL, P.B. 2012. Discovery of a major negative δ13C spike
in the Carnian (Late Triassic) linked to the eruption of Wrangellia flood basalts.
Geology, 40, 79–82.
ETHERIDGE, R. 1870. On the geological position and geographical distribution of
the Reptilian or Dolomitic Conglomerate of the Bristol area. Quarterly Journal
of the Geological Society, London, 26, 174–91.
GALLOIS, R.W. 2003. The distribution of halite (rock-salt) in the Mercia Mudstone
Group (mid to late Triassic) in South-west England. Geoscience in South-West
England, 10, 383–389.
GALLOIS, R.W. and PORTER, R.J. 2006. The stratigraphy and sedimentology of the
Dunscombe Mudstone Formation (late Triassic) of South-west England.
Geoscience in South-West England, 11, 174–182.
GREEN, G.W. and WELCH, F.B.A. 1965. Geology of the Country around Wells and
Cheddar. London, HMSO., 225pp.
HOWARD, A.S., WARRINGTON, G., AMBROSE, K., and REES, J G. 2008. A
formational framework for the Mercia Mudstone Group (Triassic) of England
and Wales. British Geological Survey, Research Report, RR/08/04.

193

