











LOCKEIA, PELECYPODICHNUS, ESCAPE STRUCTURES
AND A TRACE FOSSIL ‘COVER UP’

By Stephen K. Donovan

Trace fossils are a great fascination for geologists of all persuasions and have
considerable value in studies of, for example, palaeoecology, but their
classification can cause some confusion. Consider, for example, the cover of
The North West Geologist no. 13 (Rankilor, 2006). It was delightful to see
such a fine group of escape structures in laminated sandstone, but things
went awry in the caption. ‘Pelecypod ichnus’ should have been one word and
italicised, being an ichnogeneric name erected by Seilacher (1953). To be
more accurate, Pelecypodichnus isp. would indicate that it is an ichnospecies
of Pelecypodichnus left in open nomenclature (following Bromley, 1996, page
162).

But even that fine tuning could be improved upon, for Pelecypodichnus
(Seilacher 1953) is, in fact, a junior synonym of Lockeia (James1879) (see
Hantzschel, 1975, page W79 and Pickerill, 1994, page 20). In particular,
Maples & West (1989) discussed this synonymy in great detail and firmly
demonstrated that, whatever the beauty of the name Pelecypodichnus for
trace fossils that we commonly consider to be formed by infaunal bivalve
molluscs, known as pelecypods, is the wrong one to use.

Yet it is even questionable on morphological grounds whether Lockeia is the
correct name for the structures figured on the cover of The North West
Geologist. Hantzschel (1975, page W79) diagnosed this ichnogenus as
follows:

"Small almond-shaped oblong hodies preserved in convex hyporelief [‘on
the under surface of psammitic beds;" page W20]; tapering io sharp and
obtuse points at both  ends; surface commonly smooth; mostly
symmetrical; length varying from 2 to 12 mm” (also see Seilacher, 1953,
page 105).

The specimens illustrated by Rankifor (2006) appear to be escape structures
seen in section, with a morphology typical of those known to be formed by
infaunal bivalves and, perhaps, certain other invertebrates, but Lockeia refers
only to “Almond-shaped, convex hyporeliefs” (Maples & West, 1989, page
695). It is defined as a structure seen on bedding planes. Similar traces may
be related to the vertical burrow Monacraterion (Torreli1870) (see Crimes et
al., 1977, figure 7) or may even have an inorganic origin such as water
escape structures outlined by R.K. Pickerill (in written communication, July
2007). Therefore, the structures figured so beautifully by Rankilor (20086)
should more correctly be referred to as ‘Probable escape structures, possibly
produced by bivalve molluscs, seen in section perpendicular to bedding.’












The following month, a lecture on the footprints was given to the Liverpocl
Mechanics institute by Robert Grant, Professor of Zoology at University
College, London. Storeton Quarry was also visited by William Bu  and who
was en route to the British Asscciation for the Advancement of Science
meeting in Newcastle on Tyne, where he reported the find. He persuaded
Cunningham to write a paper on the prints which Buckland read to the
Geological Society of London in December 1838.

Meanwhile the Liverpoal Natural History Society had produced a set of four
lithographs of the Storeton finds, together with two plaster casts, one showing
the trackway then in the Royal Institution Museum and the other a selection of
the small footprints from the lower bed. Thirty sets of these casts and
lithographs were presented to museums and scientific societies.

The Liverpool Naturai History Society rightly claimed credit for so astutely
publicising the Storeton finds. However, contemporary accounts and
correspondence make it clear that the Storeton workforce, along with the site
foreman and quarry owners, also played a significant role in determining
which specimens survived and which did not.

Cunningham, in his 1858 letter to Richard Owen gave no hint of this although
he would later admit that:

“The Storeton footprints had been exposed to the gaze of the
quarrymen for 15 or 20 years before he gave publicity to them.”

Francis Archer, the President of the Liverpool Natura! History Society,
confirmed this in his own account of the discovery:

[Mr Cunningham]"being in the neighbourhood of Storeton happened to
hear that there had been blocks of stone turned up in the quarry with
the impressions of men’s hands upon them; these had been ascribed
in the simplicity of the workmen, to some antediluvian members of our
race who, attempting tc escape from the influx of the waters, had thus
left their track upon the rock, the smaller marks being ascribed to the
hands of children. Mr Cunningham immediately visited the spot... and
gave such directions as secured the specimens from mutilation. Had it
not been for his activity, the probability is, that these slabs would have
shared the fate of many others which had been previously raised, and
which were afterwards found built up in the stone fences of the

neighbourhood.”

However, the most crucial evidence came from Robert Grant in his lecture of
August 1838:

“In Storeton Quarry there are two distinct strata of these footmarks,
about 2 feet [c. 0.6 metres] from each other, and the workmen believe
that there is a third stratum of the same impressions a very little lower
in the rock; but | have been able to examine only the two upper strata
of these remarkable impressions.”
























THE STORY OF LIVERPQOL SPA —iTS HISTORY AND HYDROGEOLOGY
By John D. Mather

Towards the southern end of Hope Street, in Liverpool, wonderful views of the
Anglican Cathedral open up to the west. Between the street and cathedral lies
the long disused St. James' Cemetery which occupies the site of an old and
extensive freestone quarry (Wedd et al, 1823). In the eighteenth century this
belonged to Liverpool Corporation and supplied the stone for many of the
city's public buildings and elegant houses as well as material for the
construction and repair of the docks.

Waste from the quarry formed a spoil heap to the west which was known as
Quarry Hill or Mount Sion. In 1767 a terrace was formed using this waste

“....when the poor people, in a season of great scarcity and a severe
winter, were employed in making it" (Brooke, 1853 p145).

By 1773 this terrace was described as

“A noble and extensive gravel walk, interspersed with clumps of trees”
commanding “a most delightful prospect of the town and its harbour”
{Worthington, 1773 p8).

The walk was known as St. James' Walk (Enfield, 1773) and Quarry Hill as St.
James’ Mount, perhaps because of an association with the construction of St.
James' Church, opened in 1775 on Upper Parliament Street to the south.
Much of St. James' Mount is now occupied by the Anglican Cathedral of
Christ in Liverpoal, the foundation stone for which was laid in 1904.

By the early nineteenth century the usable stone in the quarry was exhausted
and the Corporation decided to use the quarry as a cemetery. The long
eastern face was remodelled into a series of benches, lined with catacombs
cut into the rock face and the floor was laid out with trees and winding paths.
The cemetery was in use for some 100 years with the last burials in the
1930s. Over the following years it fell into disrepair, and became overgrown,
until in 1968 most of the gravestones were moved and the grounds were laid
out as a garden. St. James' Cemetery Gardens were opened in their present
form in 1972 and are now a valuable green space near the city centre. Entry
at the northern end is via a tunnel, close to the¢ orth end of the Cathedral,
which was probably excavated originally to access this end of the quarry in
the eighteenth century.

In the eastern wall of the old quarry, below Hope Street and close to the
Huskisson Mausoleum standing towards the centre of the Gardens, a small
stream of water issues from the rock face. This was once known as the
Liverpool Spa and achieved brief fame in the 1770s for its “chalybeate”
waters, containing iron salts. The area around the spring has been renovated
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Hydrogeoiogy

The mineral spring emerges from sandstones which underfie thinly-bedded
shales. According to Wedd et al (1923), in the old quarry there is a sharp line
of demarcation between these two units but at the spring site the contact has
been covered by brickwork and is not exposed (Figure 1). The sandstones
are well sorted, coarsely-bedded and unfossiliferous. There are large cross-
bedded units which have been interpreted as indicating deposition as
sandbars within a seasonal river system in a semi-arid setting (Howard et al,
2007). These rocks were known formerly as the Keuper Basement Beds but
modern mapping assigns them to the Helsby Sandstone Formation at the top
of the Triassic Sherwood Sandstone Group (Howard et al, 2007).

The overlying shales consist of red, grey and yellow interbedded mudstones,
siltstones and fine-grained sandstones (Figure 3). They are highly micaceous
and their old name, Keuper Waterstones, originated because of the shiny
white mica which gave bedding planes a watery sheen. They are now
assigned to the lowermost beds of the Mercia Mudstone Group. Designated
as the Tarporley Siltstone Formation they were formed in an estuarine or
lacustrine setting subject to periodic desiccation and sheet floods (Howard et
al, 2007). The rocks in the quarry dip towards the east at an angle of 10° and
over much of the old quarry the Tarporley Siltstones would have been
stripped off to expose the underlying sandstones. It would have been this
waste material which formed the bulk of the original Quarry Hill in the 18"
century.

Figure 3. The Tarporley Siltstones exposed above the spr |
(Photograph by Jane MacDougall).

A cross section {Figure 4) from the Cathedral in the west to Hope Street in
the east, based on the recently published British Geological Survey Map
Sheet 96, shows that the Tarporley Siltstones crop out on the western
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methodology employed is outlined by Lloyd and Heathcote (1985). The
analyses are very similar, particularly considering techniques available to
analysts at that time. The hydrochemistry is characterised by rather high
concentrations of nitrate (NOQ3), chloride (CI) and sulphate (SO4), suggesting
pollution, and significant bicarbonate (HCO3;) concentrations, suggesting the
dissolution of carbonate cement within the sandstones. A major study of the
hydrochemistry of the Permo-Triassic Sandstone aquifer system in the Lower
Mersey Basin, to the east of Liverpool, has been reported by Tellam (1994),
Although sulphate concentrations are somewhat higher, the Liverpool Spa
analyses lie within Tellam's water type 1B. This includes waters which have
been recharged recently enough to be affected by urban pollutants, such as
de-icing salts, sewage and industrial chemicals but which have been in
contact with the sandstone for a period of time sufficient to achieve partial
saturation with respect to calcite.

The samples were taken in the period during which the quarry was used as a
cemetery and the old quarry faces were lined with catacombs cut into the rock
face. The breakdown of cadavers within these underground galleries could
also have contributed to the pollutant load as chlorides and sulphate
concentrations up to several 100 mg/l have been reported from groundwater
in close proximity to graves (Young et al, 1999). However, it is interesting that
both Tate (1889) and Jones (1924) comment on the satisfactory organic purity
of the spring and Tate (1889 p64) notes

“....but perhaps the most noticeable feature is the very small amount of
impurity from organic sources, notwithstanding that the spring is in a
closely inhabited region”.

Unfortunately the available water analyses are likely to be totally
unrepresentative of the 18™ century spa which was in use before the area
became urbanised and groundwater affected by the pollution characteristic of
later centuries. Contemporary descriptions of the spa water talk about its
“irony taste” and the deposition of ochre when it was exposed to air (Houlston,
1773). Evaporation to dryness of a weak water, collected after heavy rain
yielded 28 grains of solids in a gallon of the water, which is equivalent to a
total dissolved solids concentration of around 400 mg/l of which eight grains
(about 110mg/l) were ochre. There seems no doubt that the water was
strongly impregnated with iron which could be observed

“.on the surface of the rock down which the water trickles from its
source” (Worthington, 1773 p15).

In contrast the deposition of ochre close to the modern source 'ig not
mentioned by either Tate (1889) or Jones (1924) and there is no depasition of
ochre at the spring today.

It is suggested that the original composition of the spa water was close in
composition to water type 4 as designated by Tellam (1994). These are
waters which are still largely confined beneath areas of glacial till, a situation
comparable to that in the old quarry where groundwater in the sandstone was
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village of Ajuy; it can be reached by walking south along the Barranco de
Aulagar as far as a large earth dam and then by following the southern branch
of the barranco for a further 500 metres,

The most northerly exposure of the migmatites is situated at Location 1
(Figure 1), where the veining is cut by a later, unveined basaltic dyke (Figure
2) which has clear chilled margins against the veined host and contains a
fragment of the veined host.

The migmatites are best displayed at Location 2 in a continuous exposure
around 20 metres long in the west bank of the barranco. Figure 3 shows a
somewhat irregular development of veining: this is relatively unusual — in most
places the veins tend to be thin, sub-paraliel and restricted to quite distinct
areas of the host rock (Figures 4 and 5). In some places the parallelism of
the veining is so well developed that it produces a foliation. Where measured
(Figure 1) this foliation dipped steeply to the east and had a strike running
approximately NNE. Hobson et af (1998) suggest that the orientation of the
sub-paralle! veins is controlled by shearing along the margins of the intrusion
at the time of emplacement.

The most southerly migmatite location is at Location 3, where a pervasively
veined area is in sharp contact with an area that contains a network of fewer
but thicker veins (Figure 6).

Petrography

Figure 7 is a photograph it ane polarised light, of part of a thin section .
produced from a typical hand specimen of the veined rock. The leucocratic
veins are typically 1mm wide and taper towards their ends.

Between crossed polars at higher magnification, the leucocratic vejns can be
seen to comprise tabular grains of plagioclase feldspar that are onen}gted at
right angles or slightly oblique to the vein margins (Figure 8). lq addlt:op, the
veins contain smaller grains of clinopyroxene, a brown pleochrmq amphibole
and an opaque mineral. The darker inter-vein materia  fine grained and
comprises clinopyroxene, brown amphibole and opaque minerals. In some
piaces, polygonal grains with triple point contacts are well developed.
Occasional larger clinopyroxene grains, probably originating as phe_nocrysts,
show exsolution laminae of an opaque mineral. A single high birefrmgepqe
grain, possibly originally an olivine phenocryst, displays a corona of radiating
elongate opaque grains in a matrix of clinopyroxene.

Figures 7 and 8 were produced from digital photograpljs c?f the thin gect_ion.
using the techniques described in Peter Rankilor's inspirational contribution to

the North West Geologist (Rankilor 2006).
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