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INTRODUCTION

The St Erth Formation, of late Pliocene age, is only found
close to the village of St Erth (Figure 1) in west Cornwall
(SW 5564 3520).  The present outcrop is extremely limited,
although a number of other locations in the area were listed by
Roe et al. (1999).  The “St Erth Sand Pits” Site of Special
Scientific Interest (SSSI) was notified under Section 28 of the
Wildlife and Countryside Act 1981 as amended, on the 17th
December 1986.  The citation, which is available on the English
Nature website [www.english-nature.org.uk], reads as follows:

“St Erth is a famous and classic site for its sequence
of Late Pliocene marine sediments, which contain
an exceptionally diverse fossil faunal assemblage,
particularly macrofossils. It provides a unique
source of evidence relating to the geomorphological
evolution of S.W. England, former sea-levels
and past environments. St Erth has attracted
considerable scientific interest and controversy
for over a century and will continue to be a focus
of research at the highest level.”

The St Erth Formation was discovered in ca.1834 (vide
Mitchell, 1966) and a series of small pits were opened for the
extraction of moulding sand.  These initial workings closed in
about 1874 and were abandoned until 1881 when they
re-opened as a source of clay for a new dry dock in Penzance
Harbour.  During that year Nicolas Whitley, a local geologist,
visited the site and collected specimens from the “heaps of
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In 1999 a paper was presented to the Ussher Society which described, in some detail, the location of the St Erth Formation and
the history of the minerals workings.  At that time the authors described the results of a resistivity survey across part of the area,
which, it was hoped, would locate in-situ sands and fossiliferous clays.  In October 2003, using the same equipment (an ABEM
Terrameter and Lund Imaging System), further lines have been documented which provide more data on the distribution of the
marine sediments of Late Pliocene age.  In conjunction with this additional survey work a number of shallow cores were drilled
in an attempt to locate the fossiliferous clays that, since 1886, have been known to lie in this area.  In most cores only wet
moulding sand was recovered.  In two cores thin clay interbeds were found and a limited marine fauna of foraminifera identified.
Associated with these foraminifera are abundant bolboformid-like microfossils.

At a location close to the site of the trench excavated by Prof. G.F.Mitchell in the 1970s a few samples of weathered clay were
recovered by hand auger.  These samples also contain abundant foraminifera and the ‘bolboformids’.  Samples collected by Millett
during the original quarrying operations, and which are in The Natural History Museum (London), also contain beautifully
preserved foraminifera and a diverse assemblage of these unusual ‘bolboformids’.
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broken shells” in the clay pit(s).  He described the clays and the
fauna in a paper read to the Royal Geological Society of
Cornwall in November 1881.  The ‘blue clay’ described by
Whitley was seen to rest above ‘the fine sands’ and below a
level of (weathered?) yellow clay, angular stones, clayey loam
and soil/head.  Whitley (1882) was convinced that these were
glacial deposits, although Wood (1885) clearly disagreed with
this conclusion, and said as much at a public meeting.
Subsequent publications by Kendall and Bell (1886), Bell
(1887a, b, 1887-1888, 1898), Johnson (1903), Milner (1922),
Mitchell (1960, 1966) and Cullingford (1982) have continued the
debate as to the age of the formation.

The various workings of the pits and their subsequent
investigation have been fully described by Roe et al. (1999).
The major investigation of the St Erth Formation was by Mitchell
et al. (1973) where the authors describe the sedimentology and
palaeontology of the area, largely based on a newly excavated
section. Subsequent workers (Jenkins, 1982; Head, 1993) have
either used these samples for their investigations or re-assessed
material in the Millett collection, which is housed in The Natural
History Museum, London.

In recent years the Department for Environment, Food and
Rural Affairs (DEFRA) has begun measuring performance by the
creation of “Public Service Agreements” both within the
ministry and in external centrally-funded organisations.  English
Nature has been asked to ensure that 95% of SSSIs (by area) in
England are in either “favourable” or “unfavourable-recovering”
condition by 2010; definitions of these terms are available on
the English Nature website [www.english-nature.org.uk].  As an
SSSI, it is clear that the St Erth Sand Pits no longer show the  
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Figure 1. Location of St Erth in the west of Cornwall and the present boundary of the St Erth Sand Pits SSSI (based on the English
Nature website).

Figure 2. The St Erth pits with the location of Mitchell’s section and
the line of the largest of the 1999 resistivity profiles indicated,
together with the two profiles (RES01, RES02) run as a part of the
2003 survey. The eastern edge of St Erth village is in the lower left of
the map.

features of interest (fossiliferous marine sediments) as almost all
the sand and clay has been removed from the old quarries that
lie within the present SSSI boundary (Figure 1).  Our present
work was stimulated by a need to know where the remaining
fossiliferous clays and sands are located in the vicinity of the
currently designated site.

GEOPHYSICAL INVESTIGATION

Roe et al. (1999) attempted to collect fresh samples of the
clays at a number of sites in the old workings and while some
clay (with microfossils) was recovered it could not be placed in
a proper stratigraphical context.  Three resistivity profiles were
run, one of which was published (figure 5 in Roe et al., 1999).
The work on the St Erth Formation resumed in Autumn 2003
when a further two resistivity lines were run in the same area
as the lines run in 1999 (Figures 2, 3).  The purpose was
the same as before; to locate suitable places to core in the
hope of intersecting the clay succession and collecting in-situ
microfossils.

The equipment used (as was the case in 1999) was an ABEM
Terrameter and Lund Imaging System, with an inter-electrode
spacing of 5 m (“Wenner Array”) along a 200 m long multicore
cabling system, coupled to a portable PC for control and
interpretation.  Examples of processed and interpreted
resistivity profile from the site are shown in Figure 4.  Resistivity
line 2 of the previous study (figure 5 in Roe et al., 1999;
presented here as Figure 4(a)) was interpreted as showing an
essentially 2-layer system such that a low resistivity (< 40-50 Ωm)
wedge in the upper part of the section represents the basin fill
clays overlying a higher resistivity (> 100 Ωm) ‘basement’
representing the underlying Devonian metasedimentary rocks.
Given the local geology we would suggest that the clays are
underlain by sands, but the geophysical data only indicate that
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beneath the clays are likely to be sediments of intermediate
resistivities which could be either sands or weathered bedrock;
in either case the greater porosity suggests a greater fluid
content than the underlying basement.  Line RES02 (Figure
4(b)) is located some 20-30 m to the north and east of Line 2
(see Figure 2) and mimics the original data very closely.  Both
these lines suggest the presence of a higher resistivity layer
overlying the clays and we suspect that this represents the barren
sands that were recovered during coring.  The cross-profile, line
RES01 (Figure 4(c)) was conducted at a high angle to the
previous two lines (Figure 2) and shows the basin apparently
thinning to the southwest. Interpretation of this line is, however,
quite difficult as the geophysical information is limited and we
have no core data to confirm the subsurface geology.

The gap at the top of each section is a function of the
electrode separation used to conduct the surveys and in future
we would hope to use a smaller inter-electrode spacing so as
to gain maximum information of the internal stratigraphy of the
basin fill.  Equally we would hope to improve the depth of
penetration of cores along the geophysical lines to provide
better ground-truthing of the depths indicated by the resistivity
surveys.

It is clear that a considerable thickness of the Pliocene
succession lies below the field to the northwest of the known
pits/quarries; this would be well outside the defined boundary
of the SSSI. 

DRILLING INVESTIGATIONS

With the known in-situ clay/sand succession being thickest
along the hedge boundary that lies between the 1999 and the
RES02 traverses (see Figure 2) it was decided to drill four holes
using a COBRA 249 Hammer Drill (Figure 3).  It was appreciated
that this type of drill might compact the sediments, as well as
distorting any sedimentary structures that may be present.
Almost all of the sediments recovered were well-sorted,
well-rounded coarse-grained marine sands with a high water
content. At the site of ERTDRILL 04 the sands were much
finer grained and much more like those required for the
mould-making work for which the sands were initially exploited.
The outline logs for the four holes are shown in Figure 5. 

RESULTS OF INVESTIGATION OF AUGER CORE

VICDRILL 01

This core recovered laminated clay/sand sediments that
would appear to be in-situ. Primary sedimentological features
were seen, including yellow, brown to grey plastic clay with

95

Figure 3. GPS map of the 2003 investigations, including the RES01
and RES02 resistivity profiles, the drill sites (ERTDRILL 01–04)
and the auger hole (VICDRILL 01) adjacent to the Mitchell section.
The position of survey lines RES01 and RES02 locate this map
on Figure 2. 

very fine red/brown sand and silt laminae containing organic
material.  Some of the sediment was bioturbated, with this
dying out towards the upper part of the core.  Structures
within the silts and sands show small ripple cross-lamination
indicative of a low energy, relatively shallow water
environment.  Samples of blue silty clay were washed over a
63 µm sieve and the residue was found to contain several
species of foraminifera and ostracods, all of which are indicative
of marine conditions.

The foraminifera of the St Erth Formation have been
described by Millett (1886a, b, 1895, 1897, 1898, 1902) in a
series of papers published by The Royal Geological Society of
Cornwall.  In these he documented 138 species, all of which are
mounted on slides in the collections of The Natural History
Museum.  Curated with the slides are the washed residues,
some of which are stored in glass jars with Millett’s labels still
attached.  In his 1890 Memoir, Reid included the complete list
of all the foraminifera described by Millett (Reid, 1890, table
XIII, pp. 284-288).  In our present work no planktonic
foraminifera have been found and this confirms their rarity
(Jenkins, 1982).  Margarel in Mitchell et al. (1973) studied the
benthonic foraminifera and compared the St Erth fauna with
that found in a number of small Redonian basins in western
France.  He suggested that the water depth at the time of
deposition of the St Erth Formation as <100 m.  Jenkins (1982)
and Jenkins et al. (1986, 1988, 1989), on the basis of the
planktonic foraminifera, indicated a water depth of 60-100 m
and a probable palaeotemperature of 10°C-18°C (Roe et al.,
1999).

An abundant element of the ‘fauna’ appears to be small,
spinose calcareous microfossils.  These are also present in the
samples collected by Millett when the St Erth quarries were in
operation, although they do not appear to have been described
in any of the literature.  This diverse and abundant fauna of
‘bolboformid-like’ microfossils is found in the <250 µm size
fractions and all appear to be quite well preserved.
Bolboformids, however, have only been described from open
marine sediments of mid-Eocene to mid-Pliocene age (Murray,
1984, 1986; King, 1983; Spiegler and Von Daniels, 1991;
Mackensen and Spiegler, 1992; Spezzaferri and Rögl, 2004;
Crundwell et al., 2005; Spiegler and Spezzaferri, 2005).
If these are not bolboformids then there is a problem in the
identification of these ‘taxa’.  Those illustrated in Figure 6
include forms of unknown affinity.  Alternatively they might be
the calcareous cysts of dinoflagellates or parts of some other
unidentified fossil group.  Figure 6(d) is superficially like the
apical area of a charophyte oogonium but the whole specimen
is discoidal (not ovate) and, in any case, the ornament is
concentric rather than spiral.  Figure 6(a) is very similar to a
Cretaceous pithonellid, though similar forms have been
described from the Danian and Miocene (Spezzaferri, pers
comm., 2004).  Figure 6(b,c,e,f) may be the calcareous cysts of
dinoflagellates (Family Calciodinelloidea Deflandre), having
some similarity to the Cretaceous genus Alasphaera (Keupp,
1979a, b; Spezzaferri and Rögl, 2004, p. 148, pl. 2; Kohring
et al., 2005, figures 3-6).

Keupp (1979b, abb.2-7) illustrates Alasphaera caudata in
both external view and cross section (Keupp, 1979b, abb.1)
and it is the wall structure that is critical in the determination of
both the genus and the group in general (see, for example,
Kohring et al., 2005, figure 1).  The hollow cavity is encased in
a multi-layer, calcite wall that is ornamented by distinctive
irregular prolongations with rough ends. In our material we
have observed a slightly complex calcite wall but specimens
frequently shatter during sectioning.  We have, therefore, been
unsuccessful in confirming the presence of an Alasphaera-like
wall structure.
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Figure 4. The three resistivity profiles: (a) Line 2 from the 1999 survey and published in Roe et al. (1999); (b) RES02 on Figure 2;
(c) RES01 on Figure 3. The lines of white dots in each of the profiles marks the possible base of the sedimentary cover.
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Figure 5. Borehole logs for the four drill sites described in the text. 

Figure 6. Examples of the unusual microfossils that have been compared with the bolboformids and the calcareous cysts of dinoflagellates.
(a) form similar to a Cretaceous pithonellid; (b,c,e,f) unknown taxa that may be the calcareous cysts of dinoflagellates related to
Alasphaera spp.; (d) unknown taxon with concentric ornament. All scale bars are 20 µm except (e) which is 10 µm.
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SUMMARY

The “St Erth Sand Pits” Site of Special Scientific Interest has
been investigated using a combination of geophysical surveys,
drilling and laboratory work on the microfauna.  While the old
pits are now a valuable local nature reserve, it is clear that
the remaining geological interest lies outside the present
boundaries of the designated site.  Further work would be
required to delineate the precise extent of the Pliocene
sediments.  Samples of the marine clays continue to yield
exceptionally diverse and well-preserved assemblages of
foraminifera and ostracods.  The clays also contain an abundant
and diverse assemblage of unusual microfossils that bear an
external similarity to bolboformids, but which may be better
classified as members of the Family Calciodinelloidea
Deflandre (1948). 
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