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Previously unknown and particularly well developed, active, inactive and old calcareous speleothem and tufa deposits occur in
Newtrain Bay on the north coast of Cornwall. The speleothems are comparable with the better known cave deposits of Holywell
Bay farther south, hitherto regarded as unique in Cornwall. The filamentous algal, moss-covered and indurated subaerial tufas are
also significant in cementing rockfalls associated with coastal erosion. The tufas are composed of mainly low-Mg calcite with
micritic to sparitic textures.
Cave deposits comprise dense laminated flowstones, spar coatings, rimstone dams and
dripstone/stalactitic speleothems containing mainly low-Mg calcite. Stable isotope analysis of selected tufas and a speleothem
indicates slightly depleted δ13C (average -12.07) and significant δ18O enrichment (average -2.59) relative to typical northern European
continental tufas. Water chemistry at active tufa and speleothem sites differs to that observed at cool freshwater carbonate
deposition sites elsewhere in Europe in that electroconductivity, dissolved Mg, Na and chloride levels are relatively high.
Circulation of sub-aerial groundwater combined with seawater aerosols in the vadose zone is considered significant but further
work is required to determine the relative activities of Ca and Mg in the formation of these deposits and to clarify their origin.
Tentatively we suggest that structurally-controlled, bedrock-derived and saline groundwater, flowing through weathered and jointed
calcareous argillites, be considered a major contributory source of Ca and Mg for the development of coastal tufa and speleothems
in Newtrain Bay.
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INTRODUCTION
Calcareous tufa and speleothems are types of freshwater
limestone that form where ambient temperature calcium
bicarbonate-rich groundwaters emerge under circumstances
which cause degassing of CO2, chiefly through turbulence,
aeration or evaporation. At waterfalls, seeps and perched
springs CaCO3 precipitates subaerially as tufa (Ford and Pedley,
1996; Pentecost, 2005) and from roof drips and water flow on
walls and floors in caves as speleothems (Fairchild et al., 2007).
The role of biologically-mediated processes, photosynthesis
and microbiological communities in the formation of calcite in
tufa is currently an active area of research (Turner and Jones,
2005; Viles and Pentecost, 2007; Rogerson et al., 2010).
The literature on tufa classification is extensive and the
convention employed in this study is based on the facies and
morphotype classification of Ford and Pedley (1996). Two
broad types of tufa deposited at perched springs and as
cascades are generally recognised depending upon the nature
of deposition and resulting petrological features:
1)

Autochthonous tufas are formed in situ as phytoherm
framestone where, for example, living moss and other
plants at perched springs and cascades become coated
with dense and felted microbial/fungal biofilms, extra
cellular polymeric substances (EPS) and freshwater
diatoms; low-Mg calcite cements and micrite precipitate
out on stems and leaves and may infill voids. This

normally soft and porous tufa may grade into a more
resilient form, phytoherm boundstone, where plant
material decays leaving voids and biofilms, mainly of
cyanobacteria, and becomes calcified in situ to form
stromatolitic or laminated tufa fabrics.
2)

Allochthonous or clastic tufas, formed where, for
example, calcite encrusted plant fragments, sand,
pebbles and older tufa are washed into pools below
fluvial barrages and become cemented together
producing a variety of oncoidal, peloidal and detrital
fabrics.

The formation of calcareous speleothems, long considered to
occur mainly through a series of physicochemical reactions (Hill
and Forti, 1997), may be influenced where conditions are suited
to diverse microrganisms that influence calcite precipitation and
dissolution, for example in the twilit entrance zones to caves
(Barton et al., 2001; Taboroši, 2006; Jones, 2010).
The application of isotope geochemistry to the study of tufas
and speleothems, particularly the fractionation of stable carbon
and oxygen isotopes in calcite, can provide evidence of past
hydrological and palaeoenvironmental conditions (Pentecost,
2005; Andrews, 2006). Tufa as a product of, or cementing agent
in, colluvial mass movement has been investigated in largescale landslides (Sanders et al., 2010), recurrent landslides
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(Alexandrowitz and Alexandrowitz, 1999) and fluvial barrages
in arid climates (Viles et al., 1997). ‘Travertine-cemented’ seacliff screes are described by Flinn and Pentecost (1995). The
occurrence of calcareous tufa and speleothems around the
coast of Cornwall, rarely reported in the past, is now recognised
as a widespread phenomenon (Howie and Ealey, 2009, 2010).
Most, if not all these deposits, have formed in strictly non-karst
environments and their origin in limestone-poor Cornwall
(Howie and Ealey, 2010, 2011) and other non-karst regions is
an active area for research (Léveillé et al., 2000; Frumkin et al.,
2008). In Newtrain Bay, on the west side of the Padstow
peninsula, north Cornwall, extensive calcareous tufa deposits
are developed above mean high water spring (MHWS) along a
stretch of faulted Middle Devonian (Trevose Slate Formation)
argillite cliff face. These tufas consist largely of cliff-side
cascades of prograding moss tufa alternating with or overlying
cemented tufa; rockfall blocks and debris are conspicuously
coated and cemented by indurated tufa. Well-developed
speleothems have formed in the partially lit entrances and
aphotic zones of a number of fault-controlled littoral caves.
The geological setting and depositional facies of the tufa and
speleothems, their mineralogy and geochemistry, relationship
to the hydrology and instability of this section of coast,
Devonian bedrock and structure and Quaternary deposits are
reported in this study.

GEOMORPHOLOGICAL

AND GEOLOGICAL SETTING

The major features along the north coast of central Cornwall
are dominated by a pre-Quaternary eroded landform consisting
of highly folded and faulted basinal Palaeozoic metasediments
and synsedimentary metabasites (BGS, 1994; Selwood et al.,
1998; Leveridge and Hartley, 2006). Newtrain and Trevone Bay
(see Figure 1 for locations mentioned in this study) lie within
the eastern part of a wide embayment between the dolerite
headlands of Cataclews Point to the west and Roundhole Point
to the east and occupy a spur between two valleys draining into
Harlyn Bay to the west and Permissan Sands (the east part of
Trevone Bay) to the east. This spur is asymmetric and slopes
down towards Trevone Bay. Trevone Bay is formed by
eastward incision into the lower parts of this slope behind
Pentowarra Point and Newtrain Bay by southward erosion into
the uppermost part of the Trevose Slate Formation resulting in
an extensive shore platform (Clarke, 1959), involving
considerable time for development.

Figure 1. Location maps of Newtrain Bay, west of Padstow, North
Cornwall, showing places referred to in text. Two minor streams
draining the area are arrowed in the large map.
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The coastal morphology of the area is outlined by Clarke
(1959) who considered that the erosion around the Padstow
peninsula producing the straight stretches of coast, geos and
the large collapsed cave on Roundhole Point is mainly
controlled by the complex pattern of deep jointing in the slates,
limestones and igneous intrusives. The bedrock here consists
of thick basinal Middle Devonian/Upper Devonian compressed
anchizone metamorphosed argillites (Selwood et al., 1998)
displaced by late Palaeozoic thrust-fault systems and
orogenesis. Key structural aspects in the area of this study are
the pervasive low angle cleavage sets, large scale recumbent
folding and faulting (thrusting and normal faults) and associated
calcite and quartz vein mineralisation.
At Pentonwarra Point (Geological Conservation Review
(GCR) Number 480 [SW 890 760]) silty mudstones with thin
limestone beds, frequently boudinaged, contain a diverse but
fragmentary fauna indicating a mid-Giventian age for the local
succession (see Leveridge, 2011, p. 660). Other than details of
faulting and folding at St Cadoc’s Point and in the cliffs just west
of Trevone (Goode and Leveridge, 1992) little if any work
appears in the literature on the bedrock geology of the present
study area.

THE

STUDY AREA

Newtrain Bay [SW 889 760 – SW 883 758] (Figure 2),
extending west-south-west from Pentonwarra Point, consists of
an extensive intertidal shore platform, some 700 m in length
and between 150 and 450 m in width, backed by vertical to
sloping, degrading cliffs, between 5 and 30 m OS height, cut in
the Middle Devonian Trevose Slate Formation low-grade metasediments, comprising ‘calcareous’-argillaceous mudstones (the
Constantine Bay Slate Formation of Beese, 1982). On the
coastal slope and cliff-tops thin layers of grey to brown ‘head’,
between a few centimetres up to 0.5 m, with a persistent layer
of angular quartz pebbles, directly overlie the Devonian
bedrock.
Evidence of periglacial weathering of slates,
consisting of frost-shattered clasts and brecciation to depths ≤2
m, is seen at the top of the cliffs in Trevone Bay and Newtrain
Bay. The ‘head’ deposits are overlain sporadically by a thin,
orange sandy layer up to 0.5 m, possibly inactive dune sand.
Dunes composed of high-Ca content beach-derived sand occur
in the valley backing Trevone Bay and as an outlier to the south
of Pentonwarra Point (Figure 2), but die out rapidly to the west
and south of Trevone village. The soil profile behind Newtrain
Bay is composed of a pale brown, stoney lithomorphic top soil
with little or no Ca content (Staines, 1976) over a subsoil
consisting of soliflucted weathered slate debris. The vegetation
immediately adjacent to the coastline consists of an
approximately 10 m wide strip of grasses, annual and perennial
plants with few trees and shrubs, backed by open farmland.
Other than a small stream running onto Permissen Beach in the
south of Trevone Bay there are no surface watercourses in the
area of study.
Rainfall in the area averages 1,043 mm annually with
monthly averages of 118 mm from October to January and 60
mm from April to July. Mean annual temperature is 10.6°C with
mean minimum temperature of 7.9°C and mean maximum
temperature of 13.3°C (Met Office data, St Mawgan 1971-2000).
The local hydraulic gradient of groundwater is inferred from the
north dipping regional slope (see Figure 3) with several seeps
and small waterfalls emanating at faults and joints in bedrock
and the junction between bedrock and ‘head’ along the
northeast side of Trevone Bay, on Pentonwarra Point and along
the cliffs on the south side of Newtrain Bay. Although outside
the area of the present study, the development of small-scale
tufa deposits on fossiliferous shales and mudstones on the
south side of Pentonwarra Point and on the dolerite cliffs
(location B11, Floyd, et al., 1993) on the north side of Trevone
Bay is noted for future investigation.
The area of the present study (Figure 2) is confined to the
shore platform west of Pentonwarra Point and the Newtrain Bay
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Figure 2. Map of Newtrain Bay based on the OS map of 1907 modified to show location of tufa deposits, rockfalls and caves with speleothems.
The approximate position of the faults and thrusts is based on Goode and Leveridge (1992).

Figure 3. General view of Newtrain Bay looking east with Trevone village in background. Some of the south dipping low-angled thrusts and
faults across the north-south headlands highlighted as white dotted lines.

cliff section where a series of caves, collapsed caves and geos
are developed in an approximately 450 m cliff section of slates
and weakened argillites close to the thrusts and associated
faults.
Locations of the tufas, landslides, caves with
speleothems and sampling sites are shown in Figure 2.

FIELD

OBSERVATIONS

The topography to the south and east of Newtrain Bay
undulates slightly and rises to approximately 65 m near the
reservoir south of Trevone village; to the west a marked coastal
slope develops towards St Cadoc’s Point. A south-dipping E-W

striking duplex thrust system is mapped at St Cadoc’s Point
(Goode and Leveridge, 1992) and two south-dipping lowangled thrusts can be traced eastwards in the cliffs and
headlands across Newtrain Bay. The west section of cliffs is
fronted by a number of small headlands enclosing geos; traces
of E-W 30-40°south-dipping thrusts and south-dipping faults are
exposed in the N-S headland cliff sections (Figures 3 and 4c).
Erosion of the bedrock on the platform exposes traces of
high-angled E-W dipping, WNW-SSE to N-S striking faults
which are particularly marked along the eastern part of the
platform (Figure 2) and are seen in adjoining sections of
exposed low cliff. The wave-worn, quartz- and calcite-veined,
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grey to dark blue slates and mudstones on the platform display
south-dipping cleavage with sigmoidal tension gashes,
arenaceous lenses with pyrite and calcareous septarian nodules
(Figures 4a and b). The cliff line increases in height from ~5 m
behind the rock-cut swimming pool, following an E-W fault,
and turns south to follow a steep N-S fault marked by a wide
seaward channel (Figure 2) for 150 m, reaching a height of 25
m in the southermost part of the bay. The near vertical N-S cliff
section here exposes a high angle fault and two or possibly
three south dipping low angled faults or thrusts (Figure 4c) in
calcite and quartz-veined, highly cleaved slates and mudstones.
Where the faults intersect at beach level a small cave is formed
with calcareous-cemented raised beach ~1 m above beach level
and cemented incipient gravelly beachrock at beach level. To
the west of the wide channel the platform slates become highly
deformed and, where wave worn, show evidence of
compressive buckle folding in quartz veins (Figure 4d).
Centimetre-thick calcite and quartz-veins, often intersecting,
compressed and buckled, but with no general trend, are
evident in the cliff-exposed slates and mudstones (Figures 5b
and c). Thin calcite veins sporadically infill millimetre-scale
joints in slates and mudstones in the central part of Newtrain
Bay. The E-W cliff section behind the platform and a small
pebbly beach follows a south-dipping approximately E-W thrust
with partially collapsed hanging wall; the slates here are highly
weathered with numerous small rockfalls. Extensive moss tufa
cascades and tufa-cemented rockfall debris are seen along an
approximately 60 m section of this cliff (Figure 5a) which
terminates on a shore platform extending around the first two

headlands in the east of the bay. The larger headland encloses
a 25 m deep tufa-lined collapsed cave/blowhole accessible at
beach level through a north-facing former cave entrance or
through a narrow cleft on the west side of the headland. This
blowhole contains the entrance to a large fault-controlled cave
containing extensive speleothems (Figure 2, Cave D). The
entrance to this cave is a partially lit cleft, 1.5 m in width by 2
m in height with fragments of a raised beach 1-2 m above sea
level on the seaward side, opening into to an upwardly
northward inclined aphotic cavity 3-4 m height and 4-5 m wide
at the front, some 30 m deep, narrowing at the rear. The walls
of the cave are coated with flowstones, the sloping floor with
rimstone dams and flowstones, and dripstones/stalactitic
drapery partially covers the roof. This cave was probably
formed through fault wedging and marine excavation during a
former interglacial. The smaller headland to the east has
partially collapsed during the past 100 years (shown on the
1907 OS map as an intact headland) along a thrust plane on the
landward side forming a stack. The resulting rockfall, boulders
and debris have not been washed out behind the stack and are
partly cemented by active tufa deposition above mean high
water mark (Figure 2, Tufa sampling site 3; Figure 5a). There
is evidence of possible pre-Holocene tufa or speleothem
deposits in the form of encrustations on some of the boulders,
indicative of a former cave behind the stack. A small cave,
probably also fault controlled, with flowstone and drapery, has
formed at the back of the geo to the west of the main headland
(Figure 2, Cave C).
Around these headlands and to the west the foreshore

Figure 4. (a) East Newtrain Bay platform: mudstones with cleavage dipping south containing fine grained arenaceous lenses with pyrite,
quartz-filled sigmoidal tension gashes with later folding/rotation; (b) dark grey septarian nodules with calcite veining in mudstone.
(c) Newtrain Bay, northeast cliff: south dipping low-angled and higher angled faults highlighted, intersecting at small cave. Note tufa seep from
lower fault plane. (d) Newtrain Bay, east platform: quartz vein in mudstone showing south dipping compression buckle or ptygmatic folding.

96

Tufa, tufa-cemented rockfalls and speleothems of Newtrain Bay

Figure 5. (a) Newtrain Bay, north east: cliff section with extensive tufa cascades mainly originating at high level (white arrows) at the junction
of weathered slates and bedrock, possibly the location of a south dipping thrust plane. Tufa-cemented rockfall and debris from partial collapse
of the narrow headland at right of view (red arrow). (b) Newtrain Bay, west: calcite and quartz-veins, often cross-cutting or intersecting;
(c) buckled calcite vein.

becomes increasingly boulder strewn with sandy and gravelly
beaches running into the geos, predominantly of shelly sand,
quartz and occasional calcareous pebbles. To the west of the
blowhole moss tufa and partially laminated tufa deposits cover
a c. 20 m wide section of cliffs to a height of 10-15 m (Figure 2,
Tufa sampling sites 1 and 2) and form a canopy to the entrance
of the back of a collapsed cave with stalactites. Further
extensive tufa deposits are developed in several areas along the
next 250 m of cliff face at various levels and cement further
rockfall debris. A number of smaller caves, two containing
flowstones, drapery and stalactites (Figure 2, Caves A and B)
are developed towards St Cadoc’s Point. These caves are at the
back of geos and are probably all fault controlled.

SAMPLING

AND ANALYTICAL METHODS

Samples of tufa were collected from four locations
considered to be representative of the major facies present
(Figure 2, Tufa sampling sites 1-4). Samples of speleothems
from four caves (Figure 2, Caves A-D) were carefully collected
so as to ensure as little damage as possible to the sites and to

represent the range of deposits present. A sample of an old
tufa/speleothem was taken from a large fallen block of cave
roof or wall at the back of the collapsed headland and a sample
of a tufa-coated slate pebble was collected from the adjacent
actively depositing tufa-cemented rockfall. Samples of in situ
calcite-veined argillite were collected from cliffs at low level
adjacent to tufa sampling sites 2 and 3. Cliff-side seeps and
cave water drips were tested in the field using API 5 in 1 test
papers to indicate approximate pH, alkalinity and hardness, and
this information was used to select samples for later laboratory
analysis.
Finely ground samples of the tufas and speleothems were
prepared for powder X-ray diffraction (XRD) analysis using a
Siemens D5000 θ/ θ X-ray diffractometer with CuKα radiation,
over the range 2-70°2θ with count time of 1 sec in 0.02°2θ steps.
Brucker EVA software was used to identify minerals with
reference to data published in the ICDD files. Petrography was
undertaken by optical microscopy of polished thin sections in
transmitted and polarised light and, in the case of stalactitic
speleothems, polished blocks in reflected light. Selected
fractured samples of tufa and speleothems were air-dried, stub
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mounted and carbon coated for imaging and elemental analysis
in a Jeol JSM-5400LV Scanning Electron Microscope (SEM) at an
accelerating voltage of 20-25 kV and working distance 15-25 mm.
Elemental analysis was undertaken in back-scatter detector
mode with an Oxford ISIS Energy Dispersive Spectrometer
(EDS) system.
Three bulk samples of tufa and a speleothem were selected
for Carbon-13 and Oxygen-18 isotopic analysis by IsoAnalytical, Crewe, Cheshire. Ground samples were measured
in duplicate using the following procedure. Samples were
weighed into clean ExetainerTM tubes and oven-dried for 24
hours to remove moisture. Once the samples were dry, septum
caps were fitted to the tubes. The tubes were then flushed and
filled with 99.995% helium. Phosphoric acid, prepared for
isotopic analysis in accordance with Coplen et al. (1983), was
injected through the septum into the vials and they were
allowed to react for 24 hours to allow complete conversion of
carbonate to CO2. The CO2 gas liberated from samples was
analysed by Continuous Flow-Isotope Ratio Mass Spectrometry
(CF-IRMS). Carbon dioxide was sampled from the ExetainerTM
tubes into a continuously flowing He stream using a double
holed needle. The CO2 was resolved on a packed column gas
chromatograph and the resultant chromatographic peak carried
forward into the ion source of a Europa Scientific 20-20 IRMS
where it is ionised and accelerated. Gas species of different
mass are separated in a magnetic field then simultaneously
measured using a Faraday cup collector array to measure the
isotopomers of CO2 at m/z 44, 45, and 46. The reference
material used during analysis of samples was IA-R022
(Iso-Analytical working standard calcium carbonate, δ13CV-PDB =
-28.63‰ and δ18OV-PDB = -22.69‰).
IA-R022, NBS-18
(carbonatite, δ13CV-PDB = -5.01‰ and δ18OV-PDB = -23.2‰) and
NBS-19 (limestone, δ13CV-PDB = +1.95‰ and δ18OV-PDB = -2.2‰)
were run as quality control check samples during analysis of the
tufas and speleothem samples.
The analysis of water samples for pH, conductivity, CaCO3
alkalinity, dissolved inorganic and organic carbon, chloride and
sulphate was carried out at Rothamsted Research, North Wyke,
Devon. Trace element concentrations in selected water samples
and tufa and speleothem samples were measured using an
Agilent inductively-coupled plasma mass spectrometry (ICP-MS)
at Camborne School of Mines, University of Exeter. Water
samples were diluted 100 times in using 5% Aristar grade HNO3.
Samples of tufa and speleothems were washed twice for
24 hours in deionsed water to remove water-soluble salts and
air dried. Weighed samples of powdered tufa and speleothems
were digested in 5 ml 50% Aristar grade HCl. Once reaction
had ceased solutions were filtered, diluted to 50 ml with
de-ionised water and 1 µl aliquots were diluted 500 times in 5%
Aristar grade HNO3 for analysis by a 7700x ICP-MS Agilent
multi-collector. Detection limits for each element analysed are
included in Table 1.

WATER

CHEMISTRY

Water samples for analysis were collected in June 2012, after
a particularly wet month, from a small gour pool in Cave D,
from a tufa seep-drip at sample site 2 and, for comparison, from
a seep associated with tufa on the south side of Pentonwarra
Point. The gour pool was situated just inside the aphotic zone
in Cave D, approximately 1.5 m above mean high water mark,
and was fed by water seeping from faulted slates higher up in
the cave running over the gently sloping flowstone coating the
floor. The tufa waters were collected from drips and seeps from
soft/moss tufa deposits approximately 2 m above high water
mark. At the time of sampling seep/drip rates were estimated
to be ≤1 L min-1 and, to avoid direct contamination by
seawater/spray, samples were collected around two hours after
low tide. Air temperatures at the time were approximatey 15°C.
The results of laboratory measurements of water quality,
dissolved ions and trace element analysis are shown in Table 2.
All analyses were carried out at room temperature. The cave
and tufa-associated waters had similar physicochemical
properties, with pH between 7.98 and 8.2, alkalinity ~198-264
mg l-1 as CaCO3, dissolved inorganic carbon (DIC) ~45-50 mg l-1
and dissolved organic carbon (DOC) ~2.5-3.0 mg l-1.
Bicarbonate (HCO3-) concentrations were calculated from
charge balance to be in the range 213-318 mg l-1. Chloride ion
concentrations were ~100-150 mg l-1, sulphate ion
concentrations ~13-17 mg l-1. Concentrations of Na were ~6183 ppm, Ca ~43-82 ppm, Mg ~20-22 ppm, with trace amounts
of Mn, Zn and Sr. Measured electroconductivities (EC) were
~797-1010 µS cm-1 at 25°C. These compared favourably with
synthetic electroconductivities of ~735-984, calculated by
the sum of anion and cation charges with reference to
Rossum’s method (Fairchild and Baker, 2012). The calculated
calcite saturation indices (SIcc) ranged from +0.9 to +1.1 and
PCO2 between 10-2.7 and 10-2.5. SIcc and PCO2 values were
calculated by reference to spreadsheets (see Fairchild
and Baker (2012) and associated spreadsheets, available
at www.speleothemscience.info).
The relatively high
electroconductivity reflects the total of dissolved ions,
particularly the high levels of Na+ and Cl-. The positive calcite
saturation indices and elevated PCO2 levels indicate water that
is likely to precipitate calcite upon CO2 degassing.

TUFA

AND SPELEOTHEM DEPOSITS

Tufa characteristics and composition
In the northeast section of Newtrain Bay, in an embayment
(Figure 2, Tufa sampling sites 3 and 4), tufa cascades have
formed along approximately 50% of a 60 m long section of 20
m-high north-facing cliffs (Figure 5a).
These consist of
prograding active, hummocky, moss tufa with filamenteous
algae and older inactive tufa cascades, overhanging lobate
structures (Figure 6a), vertical structures resembling solution

Table 1. Magnesium/calcium
values and trace element
composition
(ppm)
of
Newtrain tufa and speleothem
samples.

98

Tufa, tufa-cemented rockfalls and speleothems of Newtrain Bay

Table 2. Chemistry
of water samples.

flutes (Figure 6b), small ‘tufa-caves’ (Figure 6c) and Rivulariacoated micro-terracing (Figure 6d). Where water flow has
ceased, crusts of hard tufa coat the cliffs and debris (Figures 9a
and b). The cascades emanate mainly from seeps or springs
towards the top of the cliff at the junction of weathered slates
and bedrock which may indicate the location of a thrust plane
(Figure 5a, arrowed). In the northwest part of this embayment,
seeps flowing over sloping surfaces formed by the rockfalls and
debris resulting from the collapse of the narrow headland form
a series of mini-waterfalls (sample site 3; Figures 2 and 5a).
Here moss tufa formation diminishes and centimetre- to metrescale barrages or crons of indurated, lithoclast tufa, some
Rivularia-coated (Figure 6d), develop on the slope. Laminated,
actively forming, tufa coats and cements the metre or more
diameter rockfall boulders and debris and may be 50 cm or
more in thickness (Figure 6e). The rockfall also contains large
blocks of what appears to be an old collapsed cave wall or roof
coated with crystalline speleothem or tufa.
The cliffs within the 25 m depth collapsed cave/blow hole
occupying the centre of the large headland to the west of the
collapsed headland are partialy covered by tufa, coated with
red and green algal films (Figure 6f). To the west of this
headland (Figure 2, Tufa sampling sites 1 and 2) a 20 m width
prograding moss and hard tufa cascade is formed (Figure 7a)
with mini-terracing, vertical ridges and fissures fed by seeps
originating some 15 m above beach level (Figure 7b). Here an
indurated tufa curtain has formed fringing the entrance to a 34 m height collapsed cave entered at beach level containing
stalactitic tufa or relict cave stalactites (Figure 7c). Further to
the west, a further five tufa cascades and two small-scale tufacemented rockfalls (5-10 m width) have developed (examples
shown in Figures 7d, e and f). These deposits are composed
of active moss tufa and indurated tufa deposits which appear to
mainly emanate from springs along fault lines seen at the back
of the geos. Safety and accessibility issues precluded sampling
these deposits.
Moss tufas were sampled at sites 1, 2 and 4. These tufas
consist of spongy moist masses 5 to 10 cm thick with a
distinctive green to brown to buff coloration and hummocky
surface appearance (Figure 8a). Living mosses in the top 1-2
cm layer form soft radiating clumps of buff-coloured phytoherm
framestone with calcite coated stems and leaves (Figures 8b and c).

Figure 6. Tufa deposits in northeast Newtrain Bay. (a) Lobate
prograding structures. (b) 2 m vertical cascades, upper sections
fluted, possibly the result of action by rain and wind or redissolution
by seep re-activation and depostion below as tufa curtains. (c) 1 m
wide ‘tufa cave’. (d) Rivularia-coated tufa with micro-terracing.
(e) Rockfall debris with metre-plus boulders coated and cemented by
hard tufa. (f) Algal film on tufa covering walls of blowhole).
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Figure 7. Newtrain Bay tufas. (a) 20 m wide tufa cascade west of headland with collapsed cave. (b) Fissured ridge and moss tufa near seeps
10-15 m above cliff base. (c) Stalactitic tufa or relict cave stalactites in collapsed cave below. Tufa-cemented rockfall (d) and cascades (e and
f) in west part of bay. Scale bar 50 µm.

100

Tufa, tufa-cemented rockfalls and speleothems of Newtrain Bay
Below the living moss a boundstone tufa is developed
composed of aggregates or clumps of poorly crystallized calcite
particles and early-stage sparite with cavities, decaying moss
stems and moulds of stems in a micritic (<4 µm) to microspar
(5-20 µm) microcrystalline calcite matrix (Figure 8d). Also

observed are biofilms contained diatoms, algal and
fungal/bacterial filaments (Figure 8e) and extra-cellular
polymeric substance (EPS) (Figure 8f). XRD analysis of a moss
tufa sample from site 2 showed low-Mg calcite (defined as
calcite with <4 mol %MgCO3) with minor quartz. EDS spot

Figure 8. Newtrain Bay tufas. (a) Hummocky moss tufa deposits extending 2-3 m vertically on cliff west of collapsed cave. (b) Section through
1.5 cm of living moss (phytoherm framestone) with SEM (c) showing calcite-encrusted stems and leaves. SEMs showing (d) developing
boundstone tufa cement with micritic moulds of decayed stems; (e) boundstone tufa with microcrystalline matrix, filaments, diatoms and
aggregates of calcite, and at higher magnification (f), calcite cement and extracellular-polymeric substance (EPS) at M.
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analysis of calcite formed on moss strands revealed 5.4% Mg (as
MgCO3). ICP-MS analysis of this sample (Table 1) indicated
comparatively high levels of K, Fe and Sr but low Na, Mn and
Zn. XRD analysis of a further sample of tufa from site 1
indicated low-Mg calcite with minor quartz and trace aragonite,

possibly attributal to detrital shell. EDS spot analysis of calcite
cement showed 3.5% Mg (as MgCO3) and presence of traces of
Cl, Al, Si, K and Fe.
Samples of inactive tufas were obtained at sites 2 and 4 in
areas where seeps have dried up. These tufas are characterised

Figure 9. Newtrain Bay tufas. Inactive, dry tufa (a) and (b) eroded crumbly tufa coating debris. In thin section, transmitted light, showing
(c) clotted texture with microspar envelopes and radial calcite around decayed stems and (d) detrital clasts and shell fragments (at Sh), some
possibly microbially bored (at C). SEM reveals porous micritic fabric (e) and, at higher magnification (f), shattered diatoms (at D), some
encased in calcite matrix (at N). Scale bar 50 µm.
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Table 3. Carbon-13 and
Oxygen-18
isotopic
analysis of selected bulk
samples of Newtrain tufa
and a speleothem.

as pale brown to cream/white encrusting deposits (Figure 9a)
which erode revealing crumbly, porous fabric a few millimetres
to several centimetres in thickness (Figure 9b). In thin section
these tufas reveal porous, clotted and grumulose texture of
microspar to spar (<20 µm) calcite envelopes and radial calcite
spar around decayed plant stems (Figure 9c) and occasional (?)
microbially bored micro-detrital shelly and reworked calcite
clasts (Figure 9d). SEM examination reveals a porous micritic
fabric with micrite-supported clasts (Figure 9e) and, at higher
magnification, shattered fossil diatoms, some encased in
microsparite (Figure 9f). XRD analysis of a sample from site 4
indicated low-Mg calcite. EDS spot analysis of calcite cement
in this sample showed 3.5% Mg (as MgCO3) and ICP-MS analysis
(Table 1) gave comparatively high levels of Na, K, Fe, Zn and
Sr but low Mn. The bulk mean δ13C value of this tufa was 10.87‰ and the bulk mean δ18O value was -2.54‰ (Table 3).
The sample of newly formed indurated tufa adhering to a
slate pebble from a small pool in the cemented rockfall (site 3)
consisted of a 4-5 mm thick orange/brown poorly crystalline
laminated (laminae 0.5-1 mm thick) crust (Figure 10a). SEM
shows calcite spar or pseudospar with ‘herringbone’ fracture
and saw-tooth edged cleavage normal to the lamination (Figure
10b) whilst the laminae surfaces show poorly defined spar,
calcite rosettes, calcified filaments and diatoms (Figure 10c).
XRD analysis of this tufa revealed low-Mg calcite and EDS
analysis indicated the calcite contained 2.9% Mg (as MgCO3).
Trace element analysis by ICP-MS (Table 1) showed
comparatively high levels of Na, K, Fe, Mn and Sr but low Zn.
The bulk mean δ13C value of this sample was -13.63‰ and the
bulk mean δ18O value was -2.88‰ (Table 3).
Encrusting one side of a large fallen block of old cave wall
or roof at site 3 is a layer of 1-2 cm long fibrous calcite crystals,
the exterior of which, where not pitted by erosion, shows
surface features similar to recent flowstone. Embedded in the
crust are angular slate clasts and small limonitic nodules
enclosed by radiating calcite crystals, seen on the underside
(Figure 10d). The crust is partially cemented to the block and
the underside of it has a buckled appearance with radiating
fibrous calcite with free face terminations (Figure 10d, inset).
The crust in thin section reveals columnar calcite with a plane of
crystal nucleation ~0.7 mm below the outer surface (Figure 10e)
and distorted traces of original growth lamination (Figure 10f).
XRD analysis of this sample indicated low Mg-calcite and EDS
analysis gave calcite with 1.9% Mg (as MgCO3). ICP-MS analysis
(Table 1) of this sample revealed comparatively high K, Mn and
Sr and low Mn and Fe with Zn not detected. The bulk mean
δ13C value of this sample was -11.71‰ and the bulk mean δ18O
value was -3.57‰ (Table 3).

Speleothem characteristics and composition
Speleothems were sampled from four caves (Figure 2).
Caves A and B contain laminated flowstones and both active
and old small stalactites, wall and roof curtains, calcite spar
coatings and drapery (Figures 11a and b). In Caves C and D
drapery and stalactites appear to follow roof cracks (Figure 11d;
Cave D). Curtains cover overhanging walls and flowstones,

originating as sheet-like deposits where walls become vertical
or sloping to subhorizontal, and cover an approximately 15 m
by 5 m sloping floor in Cave D (Figure 11d). Calcite spar
coatings are developed, particularly as rimstone dams, and
microgours (Figure 11e) where pools are lined with millimetrescale ‘saccharoidal’ calcite (Figure 11f).
A sample of 2 cm thick flowstone, taken from Cave A,
consisted of dense, hard white laminated calcite. In thin section
the inner and outer zones, approximately 0.5 mm thick, consist
of densely packed, micrometre-scale laminae of micritic or
microsparite calcite separated by thin dark bands of what is
probably organic material (Figure 12a). Within the inner zone
the columnar calcite spar or pseudospar forming normal to the
flowstone surface retains traces of lamination as trains of
inclusions (Figure 12b). Areas of flowstone contain rounded
shelly clasts, fringed with radiating microsparite, aligned in the
direction of original deposition (Figure 12c). XRD analysis of
Cave A laminated sample showed high-Mg calcite and EDS
analysis gave 6.2% Mg (as MgCO3). ICP-MS analysis (Table 1)
showed comparatively high Na, K, Fe, Mn and Sr and low Zn.
A sample of flowstone from Cave D in thin section revealed
remnant micrometre-scale lamination as inclusions in primary
columnar calcite, again normal to flowstone surface (Figure 12d).
XRD analysis of the Cave D sample indicated low-Mg calcite
and EDS analysis (Table 1) showed 1.3% Mg (as MgCO3).
Small stalactites were sampled from Caves A, B and C. In
thin section an old stalactite from Cave A revealed that the
calcite spar was partly corroded at the margins (Figure 12e)
with underdeveloped or corroded lamination.
SEM
examination showed primary or secondary calcite growth into
a cavity in the central core (Fig 12f). In contrast a fresh
stalactite from Cave B, as a polished mount, revealed fine
micrometre-scale concentric growth laminae (Figure 13a) and
central feeder tube. Some algal growth was evident in this
sample. A small stalactite or dripstone with attached slate
collected from Cave C, in thin section, revealed little in the way
of lamination with calcite spar matrix dominant (Figure 13b).
XRD analyses of the Cave C dripstone showed high-Mg calcite
however EDS spot analysis indicated low-Mg calcite with 2.1%
Mg (as MgCO3). ICP-MS analysis of this sample revealed
comparatively high Na, K, Mn and Sr and low Fe and Zn (Table 1).
Samples of calcite coating and spars were collected from
Caves B and D. SEM examination of the spar from Cave B
showed euhedral interlocking rhombohedral calcite crystals
(Figure 13c) and at high magnification revealed possible
remnant micrometre-scale calcite crystal triad structure merging
into sub-micrometre to micrometre-scale growth or corrosion
striations (Figure 13d). XRD analysis of the sample from Cave B
showed low-Mg calcite and EDS analysis gave 2.1% Mg (as
MgCO3). ICP-MS analysis (Table 1) revealed comparatively high
K and Sr and low Na, Mn, Fe and Zn. The bulk mean δ13C value
of the speleothem from Cave B was -12.07‰ and the bulk
mean δ18O value was -3.28‰ (Table 3). ICP-MS analysis of the
sample from Cave D indicated comparatively high Na, K and Sr
and low Mn, Fe and Zn and EDS analysis showed calcite with
8.1% Mg (as MgCO3).
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Figure 10. Newtrain Bay tufas. (a) Fresh indurated laminated tufa on slate pebble from cemented rockfall. SEMs showing (b) calcite spar
with ‘herringbone’ fracture and (c) poorly defined spar, cement, calcite rosettes, calcite, calcified filaments and diatoms on laminae surfaces.
Hand specimen of old encrustation from fallen block at site 3: (d) underside showing buckled structure, radiating fibrous calcite around
embedded slate clasts and limonitic areas; inset showing terminations of fibrous or columnar calcite crystals; (e) thin section in crossed polars
showing columnar calcite with a plane of crystal nucleation ~0.7 mm below the surface and (f) in transmitted light, detail showing distorted
traces of original lamination in fibrous/columnar calcite in the centre of the encrustation.

DISCUSSION
Two structural factors appear to control the deposition of
tufa and speleothems in Newtrain Bay. Firstly, the development
of sets of slaty cleavage, produced by compression, associated
with the development of the mesoscopic recumbent folds in the
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Trevone succession (Beese, 1982), was followed by extension
in the thickened fold hinges and migration of quartz and calcite
which filled hydrothermally opened fractures. Calcite veining,
often cross-cutting, is ubiquitous in the Newtrain argillites
(Figures 5b and c). In thin section calcite-veined slates,
sampled from the west part of Newtrain Bay, show veinlets
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Figure 11. Newtrain Bay caves. (a) Actively forming small stalactites and calcite roof curtain in Cave A. (b) Laminated flowstones with
microgours in Cave B. (c) Small stalactites in Cave C. (d) View of main chamber in Cave D showing stalactites following roof cracks/joints,
curtains on overhanging walls and flowstones on sloping floor. (e) Cave D showing rimstone dams and pools formed on sloping bedrock floor
formed by fault plane and buried collapse debris, with close-up view (f) of microgours and pools lined (inset) with millimetre-scale
‘saccharoidal’ calcite crystals.

cutting both slaty cleavage and bedding plane (Figure 13e) and
as stretched and curved traces in a buckled calcite vein (Figure
13f). Near-surface fracturing of the slates leads to potential for
the development of high permeability zones, particularly where
periglacial and subaerial weathering has opened up joints and
cracks, producing conduits for both groundwater to dissolve
calcium-bearing minerals from veins, and perhaps Mg and Ca
from soil and weathered slate, and to mix with seawater, driven
over the landscape as spray and aerosols, which emerges as Ca-

and Mg-rich cliff side seeps and coastal slope springs.
Structural controls on the deposition of tufas and speleothems
are well documented in karst areas (Ford and Williams, 2007)
where sub-surface water may travel considerable distances
through fractured strata generating sink-holes, caves and
underground rivers. In the study area however there are no
primary limestones and therefore the karst model cannot be
strictly applied in relation to the Newtrain caves.
The second factor is the extent of coastal recession and cliff
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Figure 12. Newtrain Bay speleothems. Flowstone, Cave A (a) thin section in transmitted light showing outer 0.5 mm zone of densely packed
growth micrometre-scale light (prismatic calcite) and dark (?organic material or micrite) laminae and (b), in crossed polars, primary
columnar calcite spar with traces of lamination as trains of inclusions parallel to surface; (c) rounded shelly clasts, fringed with radiating
microsparite, aligned in the direction of original deposition. Flowstone, Cave D (d) thin section, crossed polars, showing remnant micrometrescale lamination as inclusions in primary calcite. Old stalactite, Cave A (e) thin section of edge in transmitted light showing partly corroded
calcite spar and (f) SEM showing significant primary or secondary calcite growth into a cavity in the central core.

stability in relation to major structural features. Work in this
area around the Cornish coasts has been outlined by Grainger
and Dean (1999) and highlighted in the Cornwall and Scilly
Isles Shoreline Management Plans (SMP, 1999). The resistant
dolerite intrusions at the Trevose Head and Pentire Point
headlands have permitted extensive marine erosion of the
softer Devonian bedrock between where both ~S-N and E-W
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faulting and thrusting has produced alternately straight coastal
sections, with extensive mainly calcareous sandy beaches, and
deeply incised rocky bays, geos and frequently, where faults
intersect, littoral caves. The fault intersection location and
shape of the largest Newtrain cave (Cave D) together with
evidence of cemented raised beach deposits in the entry to the
cave strongly supports the contention that this cave and
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Figure 13. Newtrain Bay speleothems. Cave B, polished mount (a) of fresh stalactite showing fine micrometre-scale concentric growth
laminae and central feeder tube and algal growth. Cave C, (b) thin section, crossed polars of stalactite attached to slate (right of image) by
thin micrite layer, calcite spar with no lamination. (c) SEM of spar from Cave B showing euhedral interlocking calcite and (d) at high
magnification possible remnant micrometre-scale crystal triad structure (Tr) and micrometre-scale growth or corrosion striations in
rhombohedron. Calcite in argillites, Newtrain Bay, west. Thin sections, crossed polars, showing (e) veinlets cross-cutting both slatey cleavage
and bedding and (f) stretched and curved traces in buckled calcite vein.
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probably the adjacent cave (Cave C) and the collapsed cave to
the west were formed by hydraulic wedging and erosion of
joints and small faults in the bedrock during an earlier
interglacial by more aggressive wave action than occurs at
present. This contention is further supported by the fact the
large cave is completely clear of loose debris despite the narrow
entrance, indicating that sufficient time has elapsed for
undisturbed speleothems to cover sloping bedrock floor and
ancient collapse debris. The rockfalls along the exposed clifffaces, closely linked to the fault zones, act as conduits for water
seeping from high in the cliff-faces and extensive indurated tufa
deposition. The rate of tufa formation in the rockfalls has been
fast enough to cement large fallen blocks and debris and act as
armour to prevent or slow contemporary marine erosion.
The geographical location of the headlands and valley
topography has encouraged the build-up of extensive
calcareous sand dunes, the remnants of which are seen behind
Trevose Head, backing Harlyn Bay and in the valley at Trevone.
These may have covered the coastal hinterland a considerable
distance inland during the early to mid-Holocene. These
deposits are suggested as a source of calcium for the formation
of beachrock and tufa in the Harlyn Bay area and some other
tufa localities in Cornwall (Howie and Ealey, 2009, 2010).
However, the fact that there are no calcareous dunes directly
adjacent to the Newtrain tufa and speleothem deposits and that
these deposits are currently forming weighs against their being
a source of calcium here, at least during the late Holocene and
at present.
The total area, extending to around 0.25 ha, and diversity of
the deposits in Newtrain Bay compare with those at
Porthcothan (mainly tufa) and Holywell (mainly speleothems)
to the southwest, described by Howie and Ealey (2009). In
comparison with most other tufa deposits in the UK the Cornish
deposits are on a small scale (Pentecost, 1993). Tufa facies and
speleothem variety are similar to those seen elsewhere in the
UK and other temperate areas, the main difference being that
all currently known Cornish deposits occur in areas lacking
limestone. Compared with water in karst environments (Ford
and Williams, 2007) the tufa and speleothem-depositing water
in Newtrain Bay, on the strength of a very limited number of
analyses, appears relatively high in Mg with the mean Mg/Ca
molar ratio around 0.2; the median Mg/Ca ratio for meteogene
tufa-forming water is 0.16 (Pentecost 2005). Similarly high Mg
levels have however been reported in groundwaters elsewhere
in Cornwall, for example associated with granite plutons
(Smedley and Allen, 2004). In terms of pH, PCO2, HCO3-, DIC
and DOC, the water is within the range typical of meteogene
source waters, defined by Pentecost (2005) as the product of
rainwater at ambient temperature percolating soil dissolving
CO2 and traces of organic and inorganic material, to form
weakly acidic ‘carbonic acid’.
Since the Newtrain tufas and speleothems are mainly
composed of calcite it is reasonable to conclude that their
formation proceeds by CO2 degassing of seep and drip source
waters according to the standard reactions (Andrews and
Brasier, 2005; Fairchild et al., 2007) whereby Ca precipitates
from water saturated with CaCO3. In the case of actively
forming tufas, further degassing by the plants and
microrganisms present in the phytoherm framestone (Figures
8a-c) initiates the formation of calcite on living moss (Turner
and Jones, 2005). This is followed by and accompanied by
diatom and bacterial colonisation with EPS production, CaCO3
precipitation and boundstone tufa formation as the lower layers
of moss die and micritic cements develop (Figures 8d-f). The
enhanced Mg content observed in the Newtrain source waters
may be influenced by Mg from seawater aerosols (Table 2).
Relatively high Mg levels in tufa-forming waters will tend to
decrease the rate of calcite precipitation. Other possible
carbonates precipitated from Mg-rich source waters include
aragonite and dolomite, these however were not detected here
by XRD analysis. The high Na and Cl levels in the source
waters are not considered to influence calcite preciptation.
When water supply ceases the tufas deteriorate and become
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crumbly (Figures 9a and b) and porous (Figure 9e). Evidence
of their relationship to the earlier-formed moss tufa is seen as
broken diatoms encased in micrite (Figure 9f). Rejuvenation of
water supply may lead to further tufa deposition cementing
wind-blown detrital shell (Figure 9e). Erosion of tufa by rain
and wind or re-solution by seep re-activation and tufa redeposition may be the cause of vertical fluted and curtain
cascades (Figure 6b). The formation of the indurated tufas at
the rockfall sites in Newtrain Bay, where a thin surface film of
flowing water is the likely source of Ca and Mg, may be
influenced by surface algal and cyanobacterial activity (Figure
6d) which may also be involved in the generation of the
microgours or ‘microterracettes’ (Hammer et al., 2010). Here
calcite laminae are built up (Figures 10a and b) quickly enough
to cement breccia and large boulders (Figure 5e) from rockfalls
which occurred some time after the area was mapped in 1907.
There is evidence of biological activity in the accreting tufa
(Figure 10c) although the extent of biogenicity is unclear. The
calcite-cemented breccia encrusting nearby blocks (Figures 10df) may be the remnants of an earlier cave flowstone or an old
indurated tufa deposit. The petrology of these tufas is similar
to that seen in calcite-cemented slope breccias from the Tatra
Mountains in Poland, described by Gradzinski et al. (2001),
who concluded that the screes were cemented soon after
formation by mainly abiogenic processes.
The speleothems display the physical characteristics
observed elsewhere in terms of petrology and structure. Their
formation is influenced both by the shape of the caves and the
input of groundwater, which enters via cracks and joints.
Precipitation of calcite occurs as stalactites, roof drapery and
along walls as curtains (Figures 11a and c-e). The sloping
floors of the caves reflect fault planes and it is here that
extensive laminated flowstones, calcite spar coatings, rimstone
dams and pools and microgours are formed (Figures 11b, e and f).
The flowstones (Figure 12a) and one stalactite (Figure 13a)
show well-developed internal lamination with possible
evidence of seasonal growth as thin dark layers (dry season)
and thicker lighter layers (wet season) of calcite as is frequently
seen in dripstone speleothems elsewhere (Fairchild et al., 2006,
2010). Figure 12c shows inclusions of detrital abraded shell
material aligned in the lamination plane indicating occasional
incursion of sand by wind or sea spray followed by periods
permitting renewal of laminae growth. Indications of corrosion
of laminae and primary or secondary calcite recrystallisation are
also seen in one stalactite (Figures 12e and f). Cave coatings
formed through the growth of interlocking spar consisting of
rhombohedral calcite (Figure 13c) and remnant micrometrescale crystal triad structure and micrometre-scale growth or
corrosion striations on rhombohedra (Figure 13d) suggest that
the spar coatings were formed under fully saturated conditions
similar to those generating tufa (Pedley et al., 2009; Manzo
et al., 2011).
Speleothem molar Mg/Ca values (Table 1) range from ~2-8%
(as MgCO3) and again may be influenced by Mg in seawater
aerosols. The tufas and speleothems contain relatively high
but consistent amounts of Sr (~500-1000 ppm, with the
laminated flowstone from Cave A returning over 2000 ppm)
indicating co-precipitation with Ca (Garnett et al., 2004). The
high K levels in the tufas and speleothems were not expected
as K was not detected in water samples and may be derived
from weathered bedrock. Fe and Mn levels are generally low,
indicating the oxidising environment of formation of the
deposits (Pentecost, 2005).
The high Na levels in the
speleothems coupled with the high chloride levels recorded
from cave water samples reflect the marine setting and input of
sea spray and seawater aerosols and do not appear to influence
calcite formation.
Preliminary results of the stable carbon and oxygen isotope
bulk analysis of selected tufas and the speleothem reported
here show values of δ13C in the range -10.87‰, to -13.63‰ and
δ18O in the range -2.54‰ to -3.57‰ (Table 2). Stable isotope
signatures in both tufas (Andrews et al., 1997) and speleothems
(Fairchild et al., 2007) are useful environmental and climatic
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Figure 14. Preliminary stable isotope data
from the Newtrain speleothem and tufas
plotted in red on a modified figure 7 of
Andrews (2006) showing European tufa
stable isotope trends. The δ18O values
(relatively enriched) show similarity with
the seawater influenced ‘travertines’ (see
text). The δ18C values (relatively depleted)
are more negative than those recorded
from other European sites except the
inactive tufa which, at -10.87‰, is at the
extremity of the ranges for continental sites
in southern Poland (Pazdur et al., 1988)
and Belarus (Makhnach et al., 2004).

indicators. The more negative δ13C values indicate that the
Newtrain tufa and speleothem carbonate is derived from
atmospheric/soil zone CO2 and is most probably of biogenic
origin where C3 plants predominate. The less negative δ18O
values indicate the marine influence on the formation of the
carbonates as noted by Flinn and Pentecost (1995) for coastal
‘travertines’ in north Scotland and McDermott et al. (1999) for
near-coastal speleothems in western Ireland, as well as the
relatively high rainfall levels experienced on the north Cornish
coast. The stable isotope distribution reported here for the
Newtrain tufas and speleothem is however outside the ranges
for most other late Quaternary European tufas, as reviewed in
Andrews (2006) and as plotted here (Figure 14, red bubble) on
his combined δ18O/δ13C plot and requires further explanation.

SEM, XRD and ICP-MS facilities; and Andrew Bristow,
Rothamsted Research for water quality analyses. We especially
thank Stephen Brooks for discovering the site and bringing it to
our attention in the first place. We thank Ian Fairchild and Allan
Pentecost for critically reviewing the manuscript and for their
constructive comments.

CONCLUSIONS

ANDREWS, J.E. and BRASIER, A.T. 2005. Seasonal records of climate change in
annually laminated tufas: short review and future prospects. Journal of
Quaternary Science, 20, 411-421.

On the face of it the absence of limestone and calcareous
dunes would not appear to support the development of a suite
of typical, actively forming calcareous tufas and speleothems in
Newtrain Bay. Here the influence of marine aerosols, soil
micro-organisms and CO2, together with groundwater-derived
calcium and magnesium from weathered Devonian slates
appears significant. Recent work has highlighted tufa and
speleothems deposits in a number of coastal localities in
Cornwall with similar hydrochemistry and stable isotope
distribution (Howie, unpublished data). A reappraisal of
previous work on these occurrences, with further sampling of
water upstream from the deposits, taken at intervals during the
wet and dry seasons, together with detailed examination of the
bedrock geology and soil characteristics of active sites and, in
particular, the geochemistry of the carbonate deposits is
indicated.
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