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GEOBROWSER

Geology at Flanders and Normandy
This year sees both the centennial of the outbreak of 
World War I and the 70th anniversary of D-Day, but 
what role, if any, did geology play in those conflicts? 
In modern warfare, geology and terrain analysis are 
essential considerations when planning a military 
campaign (see Mercian 2000, 65-66), but this was 
not always the case. During the 40-day lead-up to 
World War I there was hardly any time to consider 
geology, but that did not seem to matter when a good 
summer ensured almost perfect battlefield conditions 
in Flanders. By early October, however, heavy rainfalls 
greatly hindered the movement of supplies and artillery 
on poorly drained land and an appreciation of ground 
conditions then became important. Unfortunately, 
whereas basic geology had been on the syllabus of 
British military academies during the 19th century, 
it had been withdrawn from mainstream teaching by 
the time that war broke out. The British army did not 
have a professional geologist in place until 1915, and 
by the end of the war there were just three full-time 
officer-geologists (Geol. Soc. Special Publication 362, 
2012). By contrast, the Germans had some 250–300 
geologists, and although these were of relatively low 
rank, they had the additional advantage of geological 
information obtained from the libraries and offices of 
the Belgian towns and cities that they had occupied. 

Geological factors began to loom large when the 
appalling casualties suffered during trench warfare 
prompted the advent of offensive (and defensive) 
tunnelling. Tunnelling techniques in association with 
siege warfare would have been well known, from 
examples documented in ancient China between 
481 and 221 BC, and later in medieval Britain and 
France, where battlements were typically undermined 
from tunnels with entrances concealed within trench 
systems. Although the Germans were the first to tunnel 
offensively, in 1914, by mid-1916 the British army 
had about 25,000 trained tunnellers, and whereas 
most accounts emphasize recruitment from mining 
communities, the expertise of sewer workers from the 
Manchester and London areas was also utilised for 
excavating through heavy clay substrates. 

The work of the ‘professional’ geologists in the 
British army was mainly concerned with assessment 
of groundwater supplies and the siting of mine, trench 
and dugout systems. Some of the world’s first detailed 
geotechnical maps and reports originated during the 
Passchendaele Offensive of autumn 1917, when an 
intense artillery bombardment pulverised terrain on 
poor-draining Tertiary (Palaeogene) clays. In order to 
predict infantry progress during the anticipated German 
counter-attack, one report investigated the behaviour of 
Ypresian clay following shelling to depths up to 5 m, 
classifying shell holes according to whether they would 

fill with water from underlying aquifers, be waterlogged 
by rain, or would be naturally drained by subcropping 
sands. A further example of best practice was provided 
by the German positions at Beaumont Hamel (Hawthorne 
Ridge), where the incorporation of naturally strong chalk 
outcrops allowed for deep, dry trench systems that were 
virtually impregnable. On the other hand, the chalk 
bedrock facilitated excellent undermining conditions 
for the British, which resulted in a charge of nearly 20 
tonnes of ammonal (ammonium nitrate and aluminium 
powder) being placed beneath the German lines, causing 
a crater 20 m deep and 55 m wide. 

Learning from the lessons of World War I, geological 
preparations for the D-Day landings on the Normandy 
beaches were thorough, and here a strong Midlands 
connection was provided by the work of Quaternary 
geology expert, Prof. Fred Shotton of Birmingham 
University. An archive of top secret materials recently 
rediscovered at the university’s Lapworth Museum 
reveals that preliminary geotechnical investigations 
were carried out on a Norfolk beach with a geology 
similar to that of many Normandy beaches. Geological 
maps of the Normandy coastline were prepared, 
showing geographical features including rivers and 
gradients, with numerous notes in red ink (www.
culture24.org.uk). First-hand information was gained 
when Shotton flew over northern France in a Mosquito 
aircraft modified with a glass observation panel in 
the base of the fuselage, while under his direction 
clandestine visits were also made to sample Normandy 
beach sands and other deposits for their geotechnical 
properties. On one such visit, an auger was accidentally 
left behind, and so to cover up this potential give-away 
it was planned to drop augers on every beach between 
Norway and Biscay; however, it was soon realised 
that there were not enough augers available to do this. 
Shotton’s involvement continued after the landings, with 
investigations into water supplies needed for camps in 
Northern France, the location of new airfields and the 
likely problems in crossing the Meuse and the Rhine.

Earthquakes illuminated 
Remarkable luminous phenomena known as Earthquake 
lights (EQL’s) have been observed before or during 
earthquakes, and rarely afterwards. They can take the 
form of spheres or globes of light floating through 
the air, or flame-like emanations from the ground 
either seconds or several days before an earthquake. 
Notable examples were seen in the town of L’Aquila 
in Italy, seconds before the 2009 earthquake; along 
the St Lawrence Seaway in Quebec, 11 days before 
the powerful 1988 earthquake; and about 100 km 
northwest of San Francisco just before the disastrous 
1906 earthquake. 

A recent review noted that 85% of EQL’s were 
observed in continental rift environments, either on 
or near to sub-vertical rift faults or related transform 
faults (Seismological Society of America, 2 January 
2014). Although associated with a range of earthquake 
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magnitudes between M 3.6 and 9.2, some 80% occurred 
in conjunction with magnitudes greater than 5.0. The 
authors suggested that EQL’s are related to a rapid 
build-up of stress prior to fault rupture, and to rapid 
local stress changes during seismic wave propagation. 
These changes are believed to activate mobile electronic 
charge carriers, termed ‘positive holes’, which flow 
swiftly along the stress gradients until, when reaching 
the surface, they ionize air molecules producing the 
observed luminosities. Support for this mechanism 
comes from eyewitness accounts and security cameras 
that captured a large number of light flashes during the 
magnitude 8.0 earthquake at Pisco, Peru, in 2007. Those 
measurements gave rare information on the origin of 
EQL flashes, since they coincided with the passage of 
seismic waves recorded at a nearby university campus.

There are anecdotal stories that animals can sense 
changes to their environment during the approach of an 
earthquake, so can we now speculate that ionized air, 
which cannot be detected by humans if non-luminous, 
may play a part in this? The United States Geological 
Survey says a reproducible connection between a 
specific animal behaviour and the lead-up to a quake 
has never been made. However, this may simply 
reflect the obvious difficulties inherent in recognising 
anomalous animal behaviour, and then linking this to a 
correlation between detectable ground emanations and 
seismic wave propagation.

Could it be that EQL’s are the explanation behind 
the biblical story of Moses and the burning bush? For 
example, Exodus Chapter 3 relates that on Mt. Horeb 
(sometimes referred to as Mt. Sinai): “…the angel of 
the Lord appeared to him in flames of fire from within 
a bush. Moses saw that though the bush was on fire it 
did not burn up. So Moses thought, ‘I will go over and 
see this strange sight—why the bush does not burn up.” 
We know that during their flight from Egypt Moses and 
the Israelites must have crossed two intense earthquake 
zones, the Red Sea Rift and, farther east, the Dead Sea 
Transform fault system (see Mercian for 2004, 48-50). 
Although the precise location of Mt. Horeb is currently 
disputed (and the site of the burning bush is claimed 
by St Catherine’s Monastery in central Sinai), many 
scholars place both it and the region of Midian, where 
the burning bush encounter is now thought to have taken 
place, on the eastern side of the Gulf of Aqaba (Red Sea 
crossing: accordingtotheScriptures.org). That seaway 

coincides with the southern sector of the Dead Sea 
Transform, perhaps suggesting that Moses may have 
either observed an EQL, or somehow utilised local 
folklore about them. Other biblical stories may have 
been inspired by seismic phenomena: for example, 
the partial destruction of Jericho (Joshua, Ch. 6), is 
commonly attributed to a severe earthquake farther 
along the fault, rather than simply to loud trumpeting.

Comets and pharaohs 
A link between ancient religious beliefs and cosmology 
is evoked by the large specimen of polished yellow-
brown glass in the striking scarab centrepiece to 
Tutankhamun’s brooch. The glass could only have 
come from a strewnfield in the Libyan Desert, where 
a large area of silica-rich sand was fused by the impact 
of a comet that entered the Earth’s atmosphere 28.5 
million years ago. An unusual black pebble recently 
found at the strewnfield provides further evidence 
for an extra-terrestrial origin: it has a carbonaceous 
composition, with microscopic diamonds, and carbon 
isotopes that are consistent with values obtained for 
interplanetary dust (Earth and Planetary Science 
Letters 2013, v 382, 21-31). The investigators 
concluded that the pebble is a fragment of a cometary 
nucleus, and as such it constitutes the first ever ground-
based evidence provided by a comet exploding in the 
atmosphere. Further confirmation of this may arrive 
later this year, if the Rosetta mission is successful in 
analysing the surface of an actual comet. The black 
pebble was named “Hypatia” in honour of the Greek 
female mathematician, astronomer and philosopher, 
Hypatia of Alexandria, a controversial figure who was 
murdered by a Christian mob in AD415. 

Tutankhamun’s brooch shows that the glass debris 
of the strewnfield clearly attracted human attention, 
and was possibly symbolic in the religious sense. If so, 
the ancients may unwittingly have chosen a material 
compatible with their theology based on sky-worship. 
This included a belief in the sun-disc, known as Aten, 
which was deified by Tutankhamun’s father (although 
not by Tutankhamun himself). Another cosmological 
manifestation lies in the internal construction of the 
great pyramids, which have corridors linking the 
burial chamber to the sky so that the deceased pharaoh 
and entourage could spend the rest of their after-life 
traversing the heavens. 

(left) Earthquake lights from 
Tagish Lake, southern Yukon, 
Canada, around the 1st of July, 
probably 1972 or 1973 (exact 
date unknown). Estimated to be a 
metre in diameter, the closest orbs 
slowly drifted up the mountain to 
join the more distant ones (white 
arrows) (photo:  Jim Conacher).

(right) Tutankhamun’s scarab 
brooch (photo: April Holloway).
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FROM THE ARCHIVES

C B Wedd – the spy who never was
Charles Bertie Wedd (1868–1945) joined the Geological 
Survey in 1898 as an Assistant Geologist and was 
promoted to Geologist in 1901 and Senior Geologist in 
1922. He retired in 1929.

On 19 September 1914, W H Spaull, a magistrate 
in Oswestry, Shropshire, wrote a letter which ended 
up on the desk of the Survey’s Director, Aubrey 
Strahan (BGS Archives: GSM/DR/St/A/4). In the 
letter Spaull alleged that Wedd, who was engaged in 
fieldwork nearby, “has twice been taken as a German 
spy” and that “The last time he was found in a tree 
at the rear of a camp of about 5000 men” and “the 
soldiers were with difficulty prevented from lynching 
him”. In his reply Strahan said that he was “aware 
that Mr Wedd was arrested a few weeks ago by the 
Military Authorities, but I understood that they were 
satisfied that he was a Government Official”. In a 

Local newspaper report of the arrest of C B Wedd, which 
evidently occurred in the last week of August 1914. The 
country at this time was on a heightened state of alert 
following Britain’s declaration of war on Germany on 4 
August. Note that the Geological Survey was confused with 
the Ordnance Survey (BGS Archives: GSM/DR/St/A/4).

Extract from published six-inch geological map of the area 
north of the town of Oswestry, Shropshire, surveyed by C B 
Wedd in 1914. The Territorial camp was established during 
August of that year just to the north of the railway sidings. 
Wedd was evidently surveying the gravel deposit (coloured 
pink) in the coppice on the north side of the camp, indicated 
by Llwyn Cottage, when he was arrested.

letter to Strahan, Wedd declared that what Mr Spaull 
alleged “is, of course, wholly untrue in every respect” 
and suggested that an article “from some local paper, 
may account for this gossip”. 

This appears not to have been an isolated occurrence 
as correspondence in 1916 shows that field geologists 
continued to be “seriously delayed in their work 
through the action of village constables and special 
constables and from irresponsible busy-bodies”. This 
was in spite of them carrying documentation showing 
that they were authorised to carry out work on behalf 
of the Geological Survey. Such incidents, as well as 
showing some of the difficulties a field geologist may 
face, also demonstrate the fear from within the general 
population about German spies. Such fears and dangers 
were not unfounded, as on 6 November 1914, less than 
two months after Spaull had written his letter, Carl 
Hans Lody, a real German spy, was executed by firing 
squad at the Tower of London.

Andrew L Morrison
Archivist, British Geological Survey
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THE RECORD
Our individual membership in this anniversary year 
now stands at 202 together with 48 joint members and 
29 institutional members and we welcome the new 
members who have joined the Society during the year. 

Indoor Meetings 
Following the Annual General Meeting in March 2013, 
Andrew Naylor uncovered for us The Hidden Histories 
of Mineral Oil Exploration in the East Midlands.
It the April meeting, a solution to The Problems of 
Chirotherium and the Triassic Environment was 
presented by Geoff Tresise.
The programme of winter lectures began in October 
with The Geology and Palaeontology of the Black 
Country in the late Silurian Period, reviewed by 
Graham Worton.
In November the spectacular scenery of the Arctic was 
on display during The Geology of Svalbard and Jan 
Mayen, presented by James Creswell.
The December meeting on the very topical subject of 
Landslides in 2012-2013, presented by Helen Reeves, 
was followed by the traditional Christmas Buffet.
In January 2014, Nick Riley offered a geologist’s 
view of the controversial subject of shale gas and its 
extraction by hydraulic fracturing (“fracking” in oil-
drillers’ slang) of the reservoir rock.
The inaugural meeting of the Society took place on 
1st February 1964. So the celebration of the Society’s 
fiftieth anniversary began with this year’s Foundation 
Lecture and Anniversary Dinner. The speaker for this 
special occasion was Professor Iain Stewart and his 
subject Between a Rock and a Hard Place addressed the 
challenge of communicating geoscience to the general 
public, a subject close to the hearts of the 55 people 
who attended that first meeting of the Society. 

Field Excursions
Deltaic sand formation and sequences in the Coal 
Measures formed the focus of Albert Benghiat’s visit 
to The Roaches in May.
On a June evening, David Bate took us through 
three billion years of time to view the specimens and 
stonework along the route of the new Geology Walk 
constructed at BGS Keyworth.
In July the local geology in the Ticknall area, with 
its resulting industrial heritage of quarries, mines, 
limekilns and tramways, was viewed in a visit led by 
Keith Ambrose. 
Also in July, Albert Horton continued his tours of the 
geology apparent in building stones in local churches, 
this time from Wilford to Willoughby on the Wolds.
A visit to Monsal Dale in August, led by Peter 
Gutteridge, gave the opportunity to inspect exposures 
now visible due to the recent refurbishment of tunnels 
along the Monsal Trail.

The river valleys of the Lincolnshire Wolds were the 
destination of an excursion in September.
A weekend in Weardale and Teesdale at the end of 
August led by Ian Sutton focused on the Carboniferous 
succession and the area’s extensive mining history. 

Council
Council met on six occasions during the year to discuss 
matters for the Society’s benefit and where possible to 
contribute to wider geological issues.
As a result of the bequest received from the late Beryl 
Whittaker a bursary of £250 has been awarded to a 
student from Derby University.
Two grants have been made this year to organisations 
who share the Society’s objectives. One of £500 was 
given to the Nottingham Historical and Archaeological 
Society to support their excavations of the sandstone 
caves of Nottingham, in particular for materials with 
which they constructed a timber bridge to maintain 
access to the Willoughby House caves. The second 
grant, also of £500, was to Geoconservation Staffs 
towards their reprint of the Hamps and Manifold Valley 
Geotrail leaflet.
After last year’s success, the Mercian Geologist was 
again available for collection at the first indoor meeting. 
Due to the continuing efforts of David Bate, we hope to 
have the majority of back issues of Mercian Geologist 
on the site by the end of this anniversary year.
The Society logo has been updated to provide a clearer 
image in both colour and monochrome black. A press 
release that reviews the history of the Society has 
been prepared and distributed, and further copies are 
available for anybody who can publicise this landmark 
year in the Society’s calender.
In conclusion I would like to thank all those who have 
given freely of their time, expertise and energy during 
the past fifty years, thereby enabling the Society to 
flourish to the present and hopefully to continue into 
the future. Our thanks go to Richard Hamblin and all 
his speakers for the Indoor Programme, to Ian Sutton 
and all his excursion leaders for the Field Programme, 
to Sue Miles for editing the Circular (which now goes 
to most members via email), and to Rob Townsend for 
managing the Society’s website.
We also thank Gerry Slavin for his many years of 
valuable contributions in his role on the Editorial Board 
of the Mercian Geologist. He has now had to retire 
from that position, and we welcome Duncan Short as 
the new Board member to replace him.

Janet Slatter, Secretary
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THE RECORD 1964
The following is a copy of the minutes of the first 
meeting of the Society, fifty years ago.
Record of the Inaugural Meeting of the East 
Midlands Geological Society, February 1st 1964.
1. Following the meeting on January 4th, 1964, at 
the University of Nottingham, which was chaired 
by Dr Taylor, and supported by various individuals 
representing a number of Associations, who are 
named by Dr Taylor in his Report on The Proceedings 
of that afternoon, who were, or might be, interested in 
the furtherance of the study of Geology, the meeting 
convened by common consent for February 1st at 
3pm duly took place, at the University of Nottingham 
Extra-Mural Department Adult Education Centre, 
Shakespeare Street, Nottingham. 
2. Dr Taylor presided, and was supported by Dr 
Sarjeant, Miss Brindley acting as Meeting Secretary. 
In his opening remarks, he presented to the gathering 
the aims and objects of a proposed Geological Society, 
then for the benefit of those in the audience, who 
were not present at the informal meeting mentioned 
above, Dr Sarjeant read Dr Taylor’s report on those 
proceedings, to a number of fifty-five people who 
were present of the approximate one hundred who 
had been in contact with the sponsors. 
3. At this point, the Chairman opened the meeting for 
general discussion, and from then on, questions and 
answers ensued which made it apparent that there was 
indeed a nucleus of keen interest in the area, which 
most likely could be maintained and expanded. 
4. Items coming under discussion, were: affiliation 
to the Geologists’ Association, which was rejected; 
affiliation to existing local organizations, which was 
also deemed not to be beneficial; excursions, lectures, 
and other events of an educational value; librarial 
facilities; functional representation with other societies 
of a like nature, in work connected with the preservation 
of geological exposures in situ in conjunction with the 
nature reserves and National Trust, commercial and  
industrial enterprises and individuals, etc, etc. 
Lively discussion was carried on, until it was apparent 
to the Platform that there was just cause for putting 
to the Audience that a Society could be supported 
by the Area, and a request was made for the events 
to be carried to a normal conclusion and Dr Taylor 
then proposed ‘As from that time a Society should 
be formed.’ This resolution was seconded by Mr 
Morrell, and all present assented in the usual manner, 
by a show of hands, to be in favour of this motion.
5. Dr Taylor then declared that a Society had been formed.
6. He then went on to define the geographical area 
known as the East Midlands, and a unanimous 
decision was carried in favour of the Society being 
named ‘The East Midlands Geological Society’.

7. These proceedings were followed by a request from 
Dr Taylor for the formation of a Council or Committee 
of Members to conduct the affairs of the Society. Dr 
Sarjeant proposed the formation of a Committee, and 
he was seconded by Mr Stevenson. Then followed the 
Election of a Committee of Members, who were voted 
for, the results being checked by volunteer scrutineers 
from those present. Accordingly the Committee was 
declared elected (Mr P.C. Stevenson, Mr E. Taylor, Mr 
R.W. Morrell, Miss F.I. Brindley, Mr P.H. Hanford, 
Mr P.H. Speed, Dr T.D. Ford, Mr R.E. Elliot, Dr F.M. 
Taylor, Mr R.J.A. Travis, Mr D.J. Salt, Dr W.A.S. 
Sarjeant)
8. Discussion followed on the question of Membership 
Fee, which was proposed by Dr Sarjeant at £1.1.0d. 
and carried; an amendment that it should be £1.10.0d. 
being rejected. A further amendment of 10/- was 
rejected. A humorous interjection came from the 
audience, in the form of a request that annual fee paying 
should not be in January, and to the appreciation of all 
concerned, it was arranged for February 1st of each 
succeeding year.
9. Subsequently Mr Taylor was elected as Treasurer. 
Miss Brindley was proposed as Secretary, this office 
she declined to accept, as being one of the movers 
in wishing the creation of a Society and was of the 
opinion a more democratic method would be to have 
a volunteer, eventually Mr Morrel1 was proposed and 
seconded. 
10. Fee taking then followed, and a number of 28 
people joined by paying the announced sum of 
£1.1.0d. Application Forms were also completed for 
the joining of the Society. A proposal for a Society 
journal was accepted. 
11.Arrangements were then made for the adjournment, 
at the conclusion of the meeting, for a meeting by 
the Committee Members, in order that they might 
select a date when they could meet to formulate the 
Constitution of the Society, and February 20th, at 
8.00pm at the Technical College was arranged. 
12. March 7th at 7.30pm. was selected for the First 
Ordinary Meeting of the Geological Society, and with 
closing remarks from Dr Taylor, to the effect that the 
affairs of the day has been satisfactorily concluded, 
the meeting came to an end. 
The record was signed by P C Stevenson, President, 
on 6/2/64.
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Ice-wedge growth and casting in a Late Pleistocene, 
periglacial, fluvial succession at Baston, Lincolnshire

Peter Worsley
Abstract: A range of relict, periglacial, ice-wedge cast structures exposed in the working faces of 
an aggregate quarry are interpreted by reference to analogues in the continuous permafrost of the 
western Canadian Arctic. Since the host sediments are stable, non-frost-susceptible sandy gravels, 
cast morphology displays little modification from the original ground ice geometry. Many of the 
casts are epigenetic and appear to result from the normal single growth and decay cycle, but the 
remainder are the products of two or more cycles involving rejuvenated ice-wedge growth in 
previously casted ice wedges. Sedimentological relationships within the latter reveal a complex 
history of development that is probably a response to both local and regional scale rapid climatic 
changes. Casts occur at three main horizons, but not exclusively so. The most severe periglacial 
phase is dated to the Last Glacial Maximum stadial c.18-25 ka BP and the youngest to the Loch 
Lomond Stadial c.12 ka BP.

Geological reconstructions of former periglacial 
environments in the Quaternary, i.e. those that sustained 
perennially frozen ground or permafrost (Fig. 1), are 
an important aspect of unravelling the climatic history 
of the past (Worsley, 2003). The key to this endeavour 
is the diagnosis of sedimentary structures genetically 
related to permafrost, and the most ubiquitous of these 
are ice-wedge casts; they are therefore pseudomorphs. 
Such casts form when ground ice thaws and is replaced 
by sediment. Broad estimates of mean annual air 
temperatures, by reference to the distribution of actively 
growing ice wedges in contemporary permafrost, yield 
a maximum of –6˚ C, but this value is influenced by 
local environmental factors. Observations in Russia 
indicate that ice-wedge growth in gravels requires a 
more severe climate than that needed in finer-grained 
sediments (Romanovskii, 1985). 

A persistent problem is the confusion of real ice-
wedge casts with forms that are not genetically related 
to permafrost, mainly because in cross section all are 
characterised by a host sediment containing a discordant 
infill with a tapering elongate shape. Johnsson (1959) 
was the first to discuss true and false ice-wedge casts, 
and Burbidge et al (1987) focussed on the confusion 
with water-escape structures. In north Norfolk, where 
ice-wedge casts have been reported in a marine facies, 
clastic dykes can be demonstrated (Worsley, 1996), 
although at a nearby site, Fish et al (1998) have claimed 
a ‘composite-wedge cast’ in a similar ‘preglacial’ facies, 
yet a colour photograph of it is indistinguishable from 
a water-escape feature (Murton 2013, Fig.9). Seismic 
events can also simulate forms reminiscent of ice-
wedge casts (Thorsen et al , 1986). Although ice-wedge 
casts have been identified in Britain for over 150 years, 
it was many years before comparative studies with ice 
wedges were made (Worsley, 1999). A pioneering study 
by Paterson (1940) compared casts near Cambridge 
with modern ice wedges in Baffin Island. Yet, this direct 
comparative approach utilising modern analogues has 
been rarely repeated, and is hindered by the remote 
locations of modern ice wedges.

The Baston site
Baston Manor Pit [TF126143], an aggregate quarry 
formerly owned by F.J. Gibbons and Son, lies 
immediately east of the village of Baston in southwest 
Lincolnshire (Fig. 2). Reports of splendid ice-wedge 
cast exposures led to a reconnaissance visit by the writer 
in March 1980, and numerous monitoring visits were 
made during the following two decades. As a member of 
the writer’s periglacial group, Mary Seddon worked at 
Baston in 1981-83, as part of her thesis studies (Seddon, 
1984). In 1990, the Baston casts were demonstrated 
to a global audience during a field excursion for the 
International Association of Sedimentologists congress, 
then being held in Nottingham, 

The surface geology of the western Fenland margin 
shows a fringe of Last Glacial Stage (Devensian/
Weichselian) low-angle fans and terraces underlain 

Figure 1. An actively eroding coastal cliff, 6 m high, on 
Banks Island, Canada, formed of permafrost bonding 
unlithified silts, sands and gravels. During rare storms, 
wave action rapidly removes the slumped thaw sediments 
(which normally form a low-angle slope down to the beach) 
and produces a thermally eroded niche that extends some 
metres beneath the cliff. Toppling failure causes blocks of the 
permafrost to rotate through 90°. Note the extent of ground 
ice (mainly ice wedges) exposed in the blocks.
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A thin sandy silt, which occurs immediately below the 
ground surface.  
A variable, near-horizontal bed of sandy gravels, over a 
significant para-unconformity above a variously preserved 
Arctic Structure Soil.
Trough-cross-bedded, clast-rich sands, characterised by 
planar horizontal and low-angle bedding, with isolated 
shallow channels infilled by organic rich silts and 
reworked organic clasts.

by sandy gravels with a cover of silt, over Jurassic 
bedrock. These total 4-5 m thick, and when traced 
eastwards towards the Wash, descend beneath a cover 
of Holocene alluvium. In his classic memoir ‘Geology 
of Fenland’, Sydney Skertchly (1877, p186) aptly 
described the lithology as - It is the usual fen character, 
consisting chiefly of oolitic limestone, ironstone, flint, 
with occasional pebbles of older rooks …..  In places 
it is cemented into compact beds by oxide of iron. He 
later commented that the ‘iron gravel’ occurred as an 
intensely hard conglomerate needing gunpowder to 
break it up. Essentially the Baston sequence above 
bedrock is divisible into three facies units (Table 1). 
Apart from the upper silt, the facies sequences are 
characteristic of shifting braided shallow river channels 
reworking within-channel bars.

The gravels have subsequently been referred to as 
either Fen-edge Gravels (Horton, 1981) or First Terrace 
sediments (Booth, 1983; Horton, 1989). They normally 
lie on a nearly flat unconformity eroded across the 
underlying Middle Jurassic Oxford Clay Formation 
(Ancholme Group), which consists of grey blocky 
mudstones with calcareous concretions (Fig. 3). In the 
context of the local geomorphology and hydrology, 
Baston is part of the catchment of the River Glen and it 
is to that river basin that the sediment source is ascribed. 
During the Last Glacial Maximum (LGM), Baston was 
outside the limit of maximum glaciation, which lay at 
least 25 km to the northeast, close to Boston. So the 
Baston area was a true periglacial environment. Most 
of the Fenland area has not been glaciated since before 
the Last (Ipswichian/Eemian) Interglacial.

Figure 2. Part of the Manor Pit 
at Baston within the context of 
the Fenland landscape (April 
1995). The gravels are being 
excavated on two levels. An ice-
wedge cast is exposed on the 
far left, descending through the 
two working levels and into the 
bedrock clay forming the quarry 
floor. Behind the two figures, an 
ice-wedge cast in oblique section 
is visible in the lower face.

Figure 3. The Baston Pleistocene succession, 4 m thick, above 
a planar unconformity on the Jurassic Oxford Clay. An ice-
wedge cast crosses the unconformity in the shadowed hollow.

Booth (1983) provided the first published outline of 
the Baston stratigraphy, and he identified two distinct 
horizons of ice-wedge casts. Details of the facies 
exposed at Baston have been described by Seddon 
(1984) and Briant et al (2004b). Photographs of Baston 
ice-wedge casts, taken by the writer in the 1980s, are 
featured in the literature (Worsley, 1987; Ballantyne 
& Harris, 1994; Harris, 1990; Waugh, 1995). Pits 
excavated in the sandy gravels associated with the Fen 
margins commonly reveal ice-wedge cast structures 
(Bell, 1970; Bryant, 1983; Horton, 1989; Davey et 
al, 1991; Straw, 1991; West, 1993a; Keen et al, 1999; 
Briant et al, 2004a, 2005). During the growth of the 
original ice wedges, the alluvial surface must have been 
stable for at least a millennium, when it is likely that 
the zone of river activity either shifted to others area on 
the fan surface or the run-off was severely reduced with 
most of the fan becoming inactive. An interdisciplinary 
investigation of the Baston stratigraphy (Briant et 
al, 2004b) had the principle objective of testing 
the hypothesis that a regional phase of aridity and Table 1. The Quaternary sequence at Baston.
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attendant low fluvial runoff characterised the LGM in 
Fenland. That focus overlooked the full, permafrost-
related, stratigraphic testimony at Baston due to its 
concentration on the main horizon of ice-wedge casts 
rather than on the total record present. Accordingly, 
the current rationale is to identify the full palaeo-
permafrost stratigraphy by documenting the kinds of 
ice-wedge casts and then seeking an understanding 
of the processes that led to their development. This 
is aided by recourse to comparisons with the modern 
environment of continuous permafrost on Banks Island, 
NWT, Canada (at 72˚N, 125˚W, with a mean annual 
temperature of -14°C).  

Ice wedges
An ice wedge may be defined as a massive, generally 
wedge-shaped body with its apex pointing downward, 
composed of foliated or vertically banded, commonly 
white, ice (Harris, 1988). Wedges are a form of ground 
ice within permafrost, and are typically 1-3 m wide and 
2-6 m deep (Fig. 4). Their growth is due to recurrent 
thermal contraction cracking within the permafrost 
(beneath the active layer) during rapid cooling events 

and these usually occur as the winter season sets in. 
Cracks, up to several millimetres wide, extend upwards 
to the surface where they are subject to infilling by the 
combined action of snow, hoar frost and meltwater. 
Most can be classified as epigenetic, i.e. they have 
grown incrementally beneath a stable land surface, but 
the converse occurs where net sedimentation leads to 
aggradation of the land surface causing the ice wedges 
to progressively grow upwards in unison with the rise 
of the permafrost table – these are termed syngenetic 
ice wedges (Worsley, 1994). Normally, ice wedges do 
not crop out at the surface because they lie beneath the 
active layer, the zone of annual freezing and thawing 
above the permafrost table. However, they do give rise 
to surface morphological expression as either oriented 
or random polygons 15–60 m in diameter, commonly 
with parallel, twin, raised rims where uplift of the host 
sediment has occurred on either side of the underlying 
ice wedge during growth (Figs. 4 - 7).

In certain circumstances, generally in more arid 
locations, the open thermal contraction cracks contain 
sand as a primary infill, and these grow into so-called 
sand wedges (Murton et al., 2000). Cyclic repetition 
of cracking and sand infilling produces a vertically 
orientated internal lamination to the upper part of the 
wedge structure, although at depth the individual infills 
commonly become a series of criss-crossing dykelets. 
Sand wedges, by their essentially ice-free nature, are 
not transformed by casting when their host permafrost 
thaws. Examples have not been identified at Baston.

Figure 4. An ice wedge on Banks Island, exposed by rapid 
coastal erosion following a storm. Note the trough above the 
top of the ice wedge, and also the base of the contemporary 
active layer about 25 cm below ground level. The trowel is 
about 35 cm long.

Figure 5. Air view of ice-wedge polygons in winter on 
Richards Island in the Mackenzie Delta, Canada. Blowing 
snow filters down into the open thermal contraction cracks in 
the ice wedges, thereby incrementally adding to the volume 
of wedge ice on an annual basis. The polygons are mostly 
around 30 metres across; snow has drifted from left to right.
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Figure 6. Not all rivers 
flowing over continuous 
permafrost are braided. 
In the centre of Banks 
Island, the Thomson 
River meanders around 
classic point bars and 
an oxbow lake on the 
left. Right of the active 
river channel in the 
foreground, rectilinear 
ice wedges within the 
floodplain sediments are 
revealed by fresh snow 
that has drifted into 
the troughs above the 
wedges. 

Processes of ice-wedge casting
The sedimentology of ice-wedge casts yields valuable 
insights into the casting processes, although their 
interpretation needs to be guided by knowledge of 
modern analogue situations. Nevertheless, it is essential 
to recall that current Arctic environments have yet to 
experience significant, widespread permafrost decay on 
the scale that occurred in Britain at glacial/interglacial 
and stadial/interstadial transitions (though this is an 
inevitable consequence of future global warming). 
Current casting processes in permafrost environments 
are largely determined by local scale factors.

A key factor in determining whether evidence 
of former permafrost degradation survives in the 
geological record is the nature of the host materials, 
and allied to this is the amount of segregation ice that 
may have developed. A striking feature of ice-wedge 
cast distribution in Britain is that their greatest numbers 
occur in coarse sediments, particularly sandy gravels. 
These are termed non-frost-susceptible since there is 
little capillary action sucking unfrozen water to the 
freezing zone to form segregation ice, hence they are 
largely stable during thaw. In contrast, silts and clays 
are frost-susceptible, and during cooling events this 
range of particle size facilitates the development of 
segregation ice by the process of cryosuction. When 
segregation ice melts it gives rise to increased pore 
water pressures, leading to sediment instability, with 
gravitational slumping and thaw transformation of 
the ice making the identification of former ice wedges 
problematical (Harry & Gozdzik, 1988). Therefore the 
relative rarity of ice-wedge casts in frost-susceptible 

Figure 7. A net of vegetated low-centre ice-wedge polygons 
with a typical diameter of c.30 m, on Banks Island. The dish 
geometry of each polygon encourages the creation of tundra 
ponds, which are defined by the raised rims adjacent to the 
bounding ice wedges in the sub-surface. Over time these 
ponds tend to amalgamate, as at the top right, and flood the 
sites of the ice wedges. Some ice-wedge troughs have been 
transgressed by the lakes on the right. As the water warms in 
the summer months the sub-lake ice wedges within the upper 
part of the permafrost melt and are casted.

Figure 8. A small stream on Banks Island is thermally eroding 
an ice wedge, and the active layer of the overlying tundra 
mat is in the process of slumping into the deepening cavity, 
thereby creating a sediment cast of the ice wedge. The surface 
sediments are inter-bedded, organic-rich silts and sands.
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Beneath rivers and lakes there is commonly an unfrozen zone 
or talik within the permafrost. Changes in channel location 
or lake extension can cause the talik to shift its position, 
such that any ice wedges that become incorporated within a 
migrating talik will inevitably decay and cast (Fig. 5). This 
casting mechanism was first invoked by Bryant (1983).
Tundra ponds within ice-wedge polygons act as heat sinks 
in the summer with the relatively warm water causing 
the underlying permafrost table to deepen. Where pond 
shorelines transgress, adjacent ponds can amalgamate and 
extend across the ice wedges that had previously defined 
the pond boundaries, causing at least the upper parts of the 
ice wedges to degrade (Fig. 7). 
The troughs above the ice wedges can be adopted by 
meltwater drainage systems during the summer, and when 
this occurs the water can rapidly incise by thermal erosion 
into the wedge ice below. The adjacent surficial thawed 
sediments tend to slump into the cavities so created (Fig. 8).
Major climatic amelioration can lead to total permafrost 
decay and the creation of regional thermokarst.

materials is explained by preservation potential rather 
than by the former absence of ice wedges. Thermal 
erosion and thaw influence at least four mechanisms 
that contribute to the casting process, with the first 
three operating primarily at a local scale (Table 2).

A major change in perspective when assessing 
variations in permafrost extent in Britain arose from 
1992 onwards when the results from investigations of 
the GISP and GRIP ice cores from central Greenland 
became available. These gave new insights into both 
the rapidity and frequency of climatic change during 
the 100 ka of the Last Glacial, the so-called ‘flickering 
switch’ mechanism showing that climates had been 
very unstable even within the stadial periods (when 
had previously been assumed to have been essentially 
stable). Inevitably, these climatic variations would 
have first impacted on the thickness of the active layer. 
A stratigraphically well-constrained example occurs 
in Banks Island, Canada, where an early Holocene 
warm phase caused an active layer to thicken by about 

Table 2. The four mechanisms that contribute to the normal 
process of ice-wedge casting.

Figure 9. A coastal cliff 
exposure of permafrost on 
Banks Island. An older, 
dormant ice wedge on 
the left, has a flat top just 
over a metre below the 
land surface (the depth of 
the active layer when the 
climate was less severe 
in the early Holocene). 
In contrast, on the right 
a younger ice wedge 
extends to within 25 cm 
of the land surface; it is 
in equilibrium with the 
harsher, contemporary, 
climatic regime, which 
has a thinner active layer.

a metre. This truncated the tops of the ice-wedges 
producing a thaw unconformity. Subsequently, under 
a deteriorating climate in the mid and late Holocene, 
the permafrost table and attendant ice wedges have 
extended upwards to be in equilibrium with a shallower 
active layer depth of c.0.3 m (Fig. 9; Worsley, 2000, 
2014). In northern Québec, the Little Ice Age (Late 
Neoglacial) event witnessed widespread reactivation of 
ice wedges followed by deactivation and dormancy that 
has persisted to the present (Kasper & Allard, 2001).

The Baston ice-wedge casts
The casts encountered in the changing quarry exposures 
may be classified into three general groups based on 
their characteristics in cross-section. The quarry faces 
were excavated independently of the casts, so many 
of the cross-section exposures were not normal to the 
wedge axes. A striking feature of the Baston ice-wedge 
casts is the near absence of evidence of fold deformation 
within the host gravels.

Figure 10. A vertical section, c.3 m thick, through part of the 
Arctic Structure Soil at Baston, where it is unconformably 
overlain by a thin sequence of horizontally stratified gravels. 
These involutions are probably related to patterned-ground nets 
on the ground surface adjacent to the growing ice wedges.
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Single-cycle ice-wedge casts
These casts generally show a simple wedge shape, 
tapering in width from the top to their lower termination. 
Normally the tops of the wedge infills lie some 1-2 m 
below the ground surface at a horizon corresponding 
to a slight erosional unconformity which causes minor 
truncation of the original cast structure. Where the 
erosion is minimal, parts of the soil profile lateral to 
the wedge tops survives and this palaeosol displays 
cryogenic disturbance in the form of involutions and 
clasts with their long axes sub-vertical, forming an 
Arctic Structure Soil (Fig. 10). In plan form these 
would have originally been small-scale patterned 
ground. In addition, the palaeosol is locally a zone of 
silt enrichment, suggesting the incorporation of loess 
into the soil profile. Another possible silt source might 
have been from the waters of proglacial Lake Sparks, at 
the local LGM ice maximum, if it extended northwards 
to Baston (West, 1993a, b).   

The exposed casts are typically about a metre wide 
at the top and progressively narrow downwards to 
an average depth of 3-4 m (Figs. 11, 12, 13). But as 
the lower parts of the casts commonly penetrate the 
bedrock surface beneath the gravels, the basal parts are 
rarely seen. Occasionally however, drainage ditches 
excavated into the Oxford Clay bedrock forming the 

Figure 11. Two typical ice-wedge casts of single-cycle type 
descending from the main horizon of development (second 
generation of growth). The left cast appears to be cut by the fill 
of the right cast, which would mean that the latter was later.

Figure 12. Two truncated single-cycle ice-wedge casts 
belonging to the first generation at Baston, lying below the 
major erosional unconformity. The infill on the left is silt, 
whereas that on the right is sandy gravel. The lowest part of 
the left cast could be traced for over 40 m across the quarry 
floor, and is partly shown in Figure 14.

Figure 13. A single-cycle ice-wedge cast exposed in the quarry 
face where the cast axis is almost parallel with the exposure, 
which is 4 metres high. The infill is mainly organic-rich silt.
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quarry floor expose the lower parts of the wedges (Fig. 
14) and the casts can be seen to extend for over a metre 
below the main quarry floor. In some cases it has been 
possible to trace the basal wedge fills where they are 
exposed as linear casts within the Oxford Clay on the 
quarry floor. As these correspond to the axial planes of 
the former ice wedges, they demonstrate a polygonal 
ground pattern but in a plane at some depth below the 
original land surface.

Many cast infills display a systematic sedimentary 
organisation. Typically the interface of the cast with 
the host gravels shows a thin (5-10 cm thick) clast-
rich lining parallel with the cast walls (Fig. 15). The 
long axes of the clasts lie parallel with the walls; this 
suggests that during the initial phase of ice-wedge melt 
the outside of the wedge ice thawed first, and clasts 
released by the thaw from the host sediment were able 
to slide down the cavity. It is likely that the permafrost 
within the ice-poor host sediments, with its lower latent 
heat potential, melted before the ice wedges, as the 
latter’s higher latent heat would take longer to dissipate. 
In contrast, the central part of the cast infill is often a 
massive silt that has clearly been derived by slumping 
from a source horizon above or adjacent to the ice-
wedge cast top. This silt probably accumulated within 
the surface polygons, and during permafrost degradation 
was redistributed by meltwater. However, variations 
in the sediment size within the fills are common, and 
sands and gravels that are not derived directly from 
the host sediment were introduced as the wedge tops 
melted. Commonly, the upper part of the cast fill takes 
the form of a flat-bottomed channel containing well-
sorted, horizontally bedded sandy gravels, suggesting a 
late phase of high flow regime water movement along 
the top of the wedge axis.   Frequently there is evidence 
of a phase of ice-wedge growth reactivation within the 
central cast infill, and normally these smaller infills are 
relatively coarse-grained.

Frost-crack wedges
These are narrow wedge forms without any significant 
infill other than the down-turning of the adjacent host 
stratification (Fig. 16). Conventionally these forms 
probably signify either only short-term surface stability 
or brief very cold periods of insufficient duration 
to permit growth of more mature ice wedges. Other 
factors seen to be operative in permafrost environments, 
include river channel migration (talik encroachment) 
and apparent competition (whereby adjacent ice wedges 
become the dominant sites accommodating thermal 
contraction). A modern (uncasted) example hosted by 
sand is illustrated in Figure 17.

Figure 14. The base of an ice-wedge cast penetrating the 
Jurassic clay exposed in and beyond a drainage ditch cut 
into the quarry floor. At this point the fill is much coarser 
at depth than it is towards the top of the cast exposed in the 
face 40 m away.

Figure 15. The distinctive, vertical clast fabric at the interface 
between the host sediment and the main cast infill. The host 
sediment on either side has a clast-supported fabric. Scale is 
provided by a 50 pence coin, 25 mm in diameter.

Figure 16. A frost crack cast in the lower part of the succession.
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Multi-cycle ice-wedge casts
This class is of compound form, and its genesis is not yet 
fully comprehended, although Kasper & Allard (2001) 
gave some insight into modern ice-wedge growth 
and morphology in response to climate fluctuations. 
This class was first recognised at Baston in 1980, and 
examples have been exposed periodically since then. 
The casts appear to have been either (a) buried by post-
casting sedimentation but then penetrated by later ice 
wedges descending from a higher stratigraphic level, or 
(b) pre-existing casts that have been reactivated as ice 
wedges at the same stratigraphic level. In both cases, 
the location of a second cycle of thermal contraction 
cracking appears to have been influenced structurally 
by the presence of the earlier cast features. These 
presumably acted as vertical sedimentary discontinuities 
that created planes of reduced strength within zones of 
tensile stress imposed by the subsequent cooling. After 
a second phase of ice-wedge growth, a change in the 
thermal regime appears to have promoted thaw, when 
the second-cycle ice wedges decayed and became casts, 
creating a sedimentary structure that is effectively 
diachronous. This evidence favours the notion that the 
initiation of thermal contraction cracking lay within the 
former permafrost, and not within the active layer.

Observations at Baston and other sites were used to 
develop the notion of ‘stratigraphically superimposed 
casts’ and ‘complex superposed casts’ (Seddon, 1982, 
1984; Seddon & Holyoak, 1985). It was postulated that 
they arose solely from talik migration associated with 
shifts in the location of river channels. Here the terms 
‘two-cycle or three-cycle ice-wedge casts’ are proposed 
for the same relationships.

Figure 17. An ice wedge arrested at an early stage of growth 
in a coastal exposure on Banks Island. This has the potential 
of producing a frost-crack type of cast if the active layer were 
to deepen following climatic amelioration. Large ice wedges 
occur nearby. Hammer head is at base of the active layer.
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about 3 m high 
in 1995, and 
is  interpreted 
in Table 3.



Aggradation of sands and gravels, probably in a 1. 
shallow, low-sinuosity river system on a low-profile 
alluvial fan. In a stabilised part of the alluvial surface, 
permafrost was established in the alluvium and 
underlying bedrock. Following repeated thermal 
contraction, ice wedges increased in size (first cycle) 
and extended through the full thickness of alluvium 
with the toes penetrating the Jurassic mudstone 
beneath. By chance, the exposure demonstrates in two 
dimensions, the intersection of two linear ice wedges 
forming elements of a polygonal network.
Degradation of the ice wedges by thaw and their 2. 
subsequent casting. The cause is unknown but, in 
the context of a widespread local pattern of casting 
at this horizon, was probably a regional climatic 
amelioration. 
Following casting, lateral erosion by river channel 3. 
migration truncated the upper part of the casted ice-
wedge system and also removed any evidence of 
allied active-layer structures in an associated soil. 
A planar unconformity now represents this event. 
Synchronously, further sandy gravels aggraded and 
buried the surviving lower parts of the ice-wedge 
infills. Permafrost was possibly absent, at least locally, 
at this stage.
A regional climatic deterioration enabled the re-4. 
establishment of permafrost, and second cycle ice-
wedge growth commenced within the sediments 
associated with the new (higher) alluvial surface. The 
new phase of thermal contraction cracking exploited 
vertical discontinuities within the newly developed 

Table 3. A possible sequence of events for the two-cycle ice-wedge cast shown in Figure 18.

Figure 19. The three-cycle casted ice-wedge exposed in 1986; its stages of growth are discussed in the text.

permafrost, with the truncated cast infills in the 
subsurface facilitating development of new contraction 
cracks in the pre-existing zones of structural weakness. 
Hence, at least some of the new ice-wedge growth 
was focused on sites where they were previously 
developed.
The second cycle of ice-wedge growth extended 5. 
downwards into one of the first generation infills as 
well as upwards into the upper aggradation unit. These 
new ice wedges were also sufficiently deep to penetrate 
the underlying bedrock.  
At and just below the land surface adjacent to the 6. 
second-cycle ice wedges, the associated active-layer 
processes produced involutions with a reorganised 
clast fabric having most of the clasts’ long axes 
vertical. However, it is possible that the involutions 
relate to the subsequent casting event.
A second phase of permafrost thaw led to the casting 7. 
of the second-cycle ice wedges. Again, the regionally 
extensive evidence for this degradation suggests that 
the cause was a major climatic amelioration event.
Renewed fluvial activity swept across the locality 8. 
and eroded less than half a metre of the pre-existing 
surficial succession, hence the infills became slightly 
truncated and the relict active layers were similarly 
affected. In association with this fluvial activity, about 
a metre of sandy gravels aggraded. Finally some 
half-metre of loessic silt with dispersed clasts was 
deposited; this latest unit is probably also affected by 
agricultural activity.
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Figure 20. Laboratory sample numbers and radiocarbon 
age estimates (with error bars of 2σ that indicate 95% 
probability) for plant debris within the main sandy gravels 
at Baston. These help define a period when organic-rich 
sediments were accumulating prior to the LGM.

A relatively simple case example of a two-cycle ice-
wedge cast structure is interpreted to reconstruct the 
sequence of environmental changes (Fig. 18). This site 
was exposed in the mid 1990s close to the processing 
plant and probably survives today buried beneath 
fill banked against the former limit of quarrying. A 
sequence of events may be reconstructed (Table 3).  

A variant on this sequence of cast development is 
shown by a second case example which is on a more 
complex and massive scale (Fig. 19). Importantly, this 
cross section is almost normal to the ice wedge axis, 
hence the widths are not excessively exaggerated. 
Three separate cycles of ice-wedge growth and decay 
appear to have been involved.  

First, after a sediment aggradation phase, the earliest 
cycle of ice-wedge growth ended with the generation 
of a large cast with an outer zone of collapsed gravels 
around a core of massive silt with some dispersed 
clasts (the top of the surviving cast lies 0.5 m above 
the spade handle in Figure 19). There is no evidence, 
such as a palaeosol profile, to enable an assessment of 
the thickness of material removed when the cast was 
truncated by fluvial erosion. Nevertheless, the second 
aggradation phase at this site deposited some 1.5 m of 
sandy gravels when it is likely that some of the first-cycle 
ice wedge in the subsurface had not melted. As with 
the earlier phase, this subsequent cycle of deposition, 
was again truncated by further fluvial erosion, which 
on this occasion did not fully remove the near-surface 
soil profile since parts of it can be identified.  

Second, another ice wedge developed and was then 
casted by an infill of massive silt, with the lower part 
penetrating into the first formed cast. The source of the 
silt is enigmatic. Possibly any residual ice, surviving from 
the first-phase ice wedge, finally melted at this stage.

Third, during another phase of permafrost, a small 
ice wedge grew within the infill sediment of mainly 
sorted gravels of the second-phase cast with its toe 
below the quarry-floor level, probably in bedrock. 
This ice wedge was largely casted prior to the final 
fluvial event across the locality, which produced a 

basal unconformity that sags within the zone of earlier 
casting. This may, in part, be a function of erosion, but 
subsidence shown by the stratification suggests that at 
least an element of the apparent channelling was due 
to further syndepositional subsidence consequent to 
residual ice melt within the now multi-stage cast.  

Dating of the materials
Three principal stratigraphic horizons can be identified, 
each with sedimentary structures indicating significant 
ice-wedge growth and decay, and linked throughout 
the exposures to near-horizontal erosional para-
unconformities. The cast structures may be assigned 
to one of early, middle or late phases of permafrost 
development, each accompanied by sufficient landscape 
stability to permit ice-wedge growth. Biostratigraphical 
and radiometric methods help constrain the casting 
chronology, but cannot determine the durations of ice-
wedge growth or the time lapse prior to decay, since ice 
wedges can become dormant so long as the permafrost 
can be sustained. Four phases of active patterned-
ground formation have been defined with OSL (optically 
stimulated luminescence) data at around 11-12, 20-22, 
31-35 and 55-60 ka in central East Anglia (Bateman et 
al, 2014). The earliest recorded Baston permafrost event 
might correlate with one of the two older phases.

Seddon (1984) obtained three radiocarbon age 
estimates on plant macrofossil material derived from 
organic clasts within the main Baston sandy gravel 
succession. These were established by classic gas 
proportional counting at the Department of Geology, 
University of Birmingham. Briant et al (2004b) 
supplemented these results with those from similar 
material sent for accelerator mass spectrometry (AMS) 
assays to the NERC Radiocarbon Dating Laboratory 
in East Kilbride (in co-operation with the University 
of Arizona). There is consistency in all the nine 
radiocarbon age estimates (Fig. 20), indicating that the 
Baston middle and upper permafrost events occurred 
after c.25 ka BP. The earlier event cannot be constrained 
by these data. The latter workers also undertook OSL 
measurements on quartz grains, which corresponded 
broadly to the chronology established using radiocarbon 
dating, though there were some discrepancies.  

Two age estimates arising from the OSL technique 
that are particularly important are from samples within 
the upper aggradation (facies G1-2), which post-dates 
the main LGM horizon of ice-wedge casts. They relate 
to samples G140 and G182 respectively from logs C 
and S in which the palaeosol horizon with its arctic-
structure soil can be recognised. Both samples are from 
facies Gl-2, above the palaeosol. In Briant et al (2004b) 
these are stated to have yielded age estimates of 11.34 
and 12.85 ka at the Cambridge laboratory. Briant & 
Bateman (2009) focussed on comparing the radiocarbon 
and OSL methods, and sample G182 was again assayed 
for OSL but this time at Sheffield, where an age of 
11.20 ka BP was obtained. A radiocarbon sample G183 
taken adjacent to G182 gave an age estimate of 11.55 
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Figure 21. A third-generation cast of probable Loch Lomond 
Stadial age. The simple, classic-type ice-wedge cast extends 
downwards through the final gravel aggradation phase. 
The organic-rich palaeosol (just above the top of the spade 
handle) may have developed in a short-lived shallow pond 
associated with the LGM depositional hiatus recognisable 
on either side of the cast.

ka BP and when calibrated this becomes c.13.4 cal ka 
BP. Assuming that these dates are meaningful (the two 
independent techniques are in general agreement), they 
signify a Loch Lomond Stadial age for the final phase 
of gravel aggradation at Baston.

Briant et al (2004b) state that disturbance features 
were not seen within facies Gl-2 between 1998 and 
2003, which implies that no cast structures indicative of 
permafrost within this facies were identified. Critically, 
they noted that Seddon (1984) had recorded one frost 
crack extending from the top, i.e. it passed through 
facies Gl-2, but they did not comment further. This 
statement requires amplification since it underplays 
the significance of Seddon’s observation. The frost 
crack concerned is actually a large ice-wedge cast, 
c.2.4 m wide at the top (this is probably exaggerated 
by an oblique cross section) and at least 3.5 m deep 
(it enters the Oxford Clay at the base of the section). 
Reference to Seddon (1984, Fig. 5.13 Section A) shows 
the geometry very clearly, and it is unquestionably 
younger than the main horizon of the preserved 
structure soil. She noted that the upper 0.8 m of the 
wedge infill consisted of gravels, and interpreted these 
as having been slumped and faulted into their position 
following melt of residual ice in the lower part of the 
developing cast structure, with or without infilling of a 
temporary void. In addition, she noted a thin wedge of 
sediment within the main cast infill, extending down 
from the surface to a depth of some 2 m; this feature 
she reasonably suggested was a late-stage, reactivated 
ice wedge that was subsequently casted.

Fortunately, other directly comparable ice-wedge 
casts have been recorded at Baston by the writer in the 
same stratigraphic context and it can be confirmed that 
other ice-wedge casts do extend downwards from the 
top of the uppermost gravel bed (Fig. 21). This evidence 
supports the contention that some ice wedges at Baston 

grew in the Loch Lomond Stadial (Younger Dryas). 
Collaboration of the fact that the youngest generation 
of ice-wedge casts extend through the uppermost 
gravel unit from close to the current ground surface 
comes from in the Maxey Quarry, some 7 km south 
of Baston (Davey et al, 1991, Fig. 55). In the upper 
part of the sequence that is directly comparable to the 
Baston site, a ‘regenerative ice-wedge cast (two phases 
of growth)’ is recorded in their schematic composite 
stratigraphy. They also portray one of their ‘younger 
generation of ice-wedge casts’ extending upwards 
from the main, buried land surface through about a 
metre of horizontally-bedded gravels to the modern 
ground surface. Further afield, in the Gipping Valley of 
Suffolk, Rose (1993) reported a single ice-wedge cast 
in sub-floodplain gravels that both palaeontological 
and radiometric criteria can probably assign to the 
Loch Lomond Stadial, further strengthening the case 
for permafrost at that time.

The permafrost chronology at Baston
The permafrost record at Baston is a complex one and 
is possibly the most detailed yet deciphered from the 
later part of the Last Glacial (Devensian) at a single site 
in Britain. The sedimentological character of the casts 
suggests a fluctuating climatic regime as the cycles of 
ice-wedge growth, cast infilling and fluvial sedimentation 
progressed. This was probably accompanied by variations 
in active-layer thickness, which in turn determined 
the availability and kind of sediment supply into the 
thawing wedges. A particularly striking characteristic 
is the widespread occurrence of channels containing 
well-bedded gravels in the upper parts of the cast infill, 
suggesting that significant flows of meltwater run-off 
were routed along the ice-wedge troughs during the final 
phase of permafrost ground-ice decay.

The balance of probability is that the entire gravel 
sequence lying on the Oxford Clay is of Last Glacial age 
(c.11.5–115 ka BP). At least three major phases of ice-
wedge growth are evident. The two earlier phases appear 
to have produced ice wedges of similar magnitude, 
suggesting stadials with similar climatic severity and 
duration. Finally, the third phase demonstrates that 
the climate of the Loch Lomond Stadial (11.5-12.7 ka 
BP) was exceptionally severe in the Fenland region. 
Superimposed on this main pattern, are shorter phases 
of ice-wedge growth typified by the frost-crack casts 
and by the evidence for a regenerated phase of ice-
wedge growth within the main cast structures. Overall, 
the recurrent phases of permafrost are likely to have 
been orchestrated by a highly variable palaeoclimate of 
the kind deduced from the Greenland ice-core data. 

The possibility that parts of the basal succession 
may pre-date the Last Interglacial cannot be rejected. 
At Maxey, an organic-rich lens of Last Interglacial 
aged occurs within a gravel-dominated sequence where 
the organics were absent, implying a single, cold-stage 
aggradation cycle. Ice-wedge casts both pre-date and 
post-date the interglacial bed (Worsley 1987). 
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Palaeoecology and taphonomy of a fossil sea floor, in the 
Carboniferous Limestone of northern England

Stephen K. Donovan
Abstract: Death assemblages preserved on bedding planes - fossil ‘sea floors’ - are important palaeontological 
sampling points. A fossil sea floor from Salthill Quarry (Mississippian), Clitheroe, Lancashire, preserves 
a mixture of crinoid debris with rarer tabulate corals and has yielded a rich diversity of palaeoecological 
information. Identifiable crinoids include Gilbertsocrinus sp. and a platycrinitid, associated with columnals/
pluricolumnals, brachials/arms and a basal circlet, crinoid-infesting tabulate corals such as Cladochonus sp. 
and Emmonsia parasitica (Phillips), and the spoor of a pit-forming organism. Long pluricolumnals showing 
sub-parallel orientations suggest a current azimuth; one coral is silicified with the mineral beekite.

Biotic interactions between ancient organisms 
include the obvious, the subtle and the problematic 
(Boucot 1990). Obvious associations include the 
direct evidence provided by cephalopod hooks (=prey) 
preserved in the stomachs of predatory ichthyosaurs 
(Pollard, 1968), and intergrowths of Pliocene corals, 
bryozoans and barnacles (Harper, 2012). Subtle 
might include changes in morphology to mammalian 
herbivore teeth in response to changing vegetation 
(Winkler, 2011). The problematic include distinct 
boring or embedment structures preserved in what 
were skeletons of live (Donovan & Jagt, 2002) or 
dead organisms (Donovan, 2014), but whose producer 
remains unknown. All three forms of interactions 
between ancient organisms may be locally common in 
the fossil record, but are only recognisable if we look 
for them; otherwise, they will fail to yield new data or 
pose new questions. Our penchant for collecting solitary 
specimens or bulk samples, both worthy methodologies, 
may mean that we fail to find the true ‘snapshot’ of time 
that is represented by the bedding plane.

Studies of fossil bedding planes and the 
palaeontological associations preserved thereon are not 
currently in vogue in palaeontology, where the database 
is currently more important than the unique specimen; 
it may be that bedding planes are currently more 
important as sources of information to sedimentologists 
and ichnologists. Perhaps palaeontologists should once 
again return to the bedding plane assemblage as a 
unique source of information. 

To give one example of the importance of the bedding 
plane view, Martin & Rindsberg (2011) examined a 
stratigraphic section in the Late Pleistocene Silver 
Bluff Formation of St. Catherines Island, Georgia, 
USA, in exquisite detail. This unit is only about 1.5 
m thick, but they teased out a mass of stratigraphic, 
sedimentological and ichnological detail. Previous 
interpretations have favoured a “… marine still-
stand facies and … marine firm-grounds or terraces 
formed during a Silver Bluff sea level high” (p120). In 
contrast, Martin and Rindsberg recognized a foredune 
facies overlain by backdune, storm-washover fan and 
backdune meadow facies.

In considering the ichnology of the storm-washover 
fans, the authors went in two different directions to 
find support for their observations and interpretations. 
Reviewing the literature, it appeared that the ichnology 
of ancient storm-washover fans has been examined only 
rarely. Previous research suggested storm-washover 
fans to be little bioturbated and to have a low diversity 
of trace-makers. They are typically identified from their 
stratigraphic position and sedimentary structures, yet 
Martin & Rindsberg showed that trace fossils provided 
strong, even distinctive supporting data. Their second 
direction was direct observation of modern storm-
washover fans on St. Catherines Island. These provided 
information supporting their interpretations, but also 
showed what is lost in examining a vertical stratigraphic 
section. Succinctly put, these are the large traces that 
are more apparent in bedding plane view, principally 
produced by terrestrial tetrapods, mainly large birds and 
medium-sized mammals. The evidence may be there, but 
it cannot be seen without an exposed bedding plane.

This description is of a very different example, 
chosen from a rock unit, the Carboniferous Limestone 
(Mississippian), that is widespread in the British 

Figure 1. The disused Salthill Quarry and the Bellman, 
Chatburn and Coplow quarries, northeast of Clitheroe.
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Isles, although there are myriad other possibilities, 
both older and younger (Donovan et al., 2014). 
In all such studies, diverse lines of evidence are 
utilised to demonstrate where the fossil specimens 
represent a life (Littlewood & Donovan, 1988) or 
death assemblage (Donovan, 2012), as defined by 
Ager (1963) and others. A death assemblage can be 
considered to represent a continuum between two end-
members, mixtures of fossils that never lived in the 
same environment during life, such as benthic fossils 
mixed with nektonic and planktonic taxa, and those 
that potentially lived together, but were transported 
and may have been disarticulated/broken before 
final burial. David Lewis (Natural History Museum, 
London) refers to such fossil-rich death assemblages 
on bedding planes as ‘fossil seafloors’ and recognises 
their importance in acting as sampling points for the 
ancient biota at the time and place of deposition.

This account squeezes out palaeoecological 
information regarding one group, the crinoids, from a 
‘fossil seafloor’ specimen collected many years ago. 
The specimen has already been figured and some 
points discussed (Donovan, 1991b), but these and 
other data are considered in more detail herein. The 
specimen is important because of the number and 
variety of crinoids and corals preserved in a limited 
area, and the information it provides on diverse 
aspects of the environment and biotic interactions. As 
in any palaeoecological study, much information is 

lost and irretrievable; however, what is known in this 
example is unusually rich. Terminology of the crinoid 
endoskeleton follows Moore et al. (1978) and Ubaghs 
(1978). The specimen is deposited in the Department of 
Earth Sciences, Natural History Museum, London.
Locality and horizon
The specimen was collected from float at Salthill Quarry, 
Clitheroe, Lancashire, England (Fig. 1), from float at 
or near point 3 of Grayson (1981); locality 4SH+5SH 
of Ausich & Kammer (2006) and locality 4 of Kabrna 
(2011) [SD755425]. It is derived from the Salthill 
Cap Beds (Miller & Grayson, 1972) in the Dinantian 
(Mississippian, Lower Carboniferous), Tournaisian, 
lower Chadian (George et al., 1976; Donovan & 
Sevastopulo, 1985; Ausich & Kammer, 2006).
Descriptions of the fossils
The specimen, BMNH EE5717, is a slab of crinoidal 
biosparitic limestone about 146 mm long, 122 mm 
wide and 38 mm thick. The illustrated surface (Fig. 
2) is rich in bioclastic debris, particularly crinoids, 
mainly columnals and some long pluricolumnals with 
rarer brachials, but also including some tabulate corals. 
There is a great diversity of ossicle morphologies. 
Long pluricolumnals and at least one arm fragment 
show a sub-parallel orientation corresponding to the 
length of the page in Figure 2; other pluricolumnals 
are approximately perpendicular to these. Of the many 
ossicles, the following are of particular note.

Figure 2. Specimen BMNH 
EE5717 is a slab of crinoidal 
biosparitic limestone from 
Salthill Quarry, Clitheroe, 
Lancashire. 
A: Two columnals of probable 
Gilbertsocrinus Phillips.
B: Pluricolumnal encrusted 
by tabulate coral colony, 
Emmonsia parasitica 
(Phillips). 
C: Pluricolumnal with 
multiple borings and showing 
growth reaction. 
D: Two specimens of 
Cladochonus M’Coy. 
E: Probable basal circlet of a 
crinoid cup. 
F: Pluricolumnal of a 
platycrinitid crinoid. 
G: Brachial ossicle. 
H: Fragment of arm. 
J: Indeterminate coral, with 
beekite silicification.
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A: Two circular columnals, each with a small, 
circular, central lumen surrounded by a narrow, raised 
perilumen; a broad, circular, depressed areola; and a 
marginal crenularium with some crenulae extending 
further towards the lumen than others. 
B: A robust pluricolumnal of circular section, 24 mm long, 
heteromorphic with at least three orders of columnals, the 
two higher orders with convex latera, the third with planar 
latera. Articulation is symplectial, that is, by interlocking 
radial ridges and grooves. The pluricolumnal is encrusted 
by a tabulate coral; there is no obvious growth reaction of 
the stereom calcite of the crinoid.
C: A pluricolumnal 12 mm in length that bears multiple 
cup-shaped pits each assigned to the trace fossil 
Oichnus paraboloides Bromley, 1981. The pits are 
rounded, but more oval than circular; two shallow pits 
appear to merge as a figure-of-eight. There has been a 
strong stereom calcite growth reaction by the crinoid; 
at its narrowest the column is 2.5 mm in diameter, but 
it is swollen to a maximum diameter of 6.0 mm. The 
column is probably heteromorphic, but swelling has 
deformed the shape of most columnals.
D: Two specimens of stalked tabulate corals are labelled 
(D):  a preserved length of about 30 mm on the left, but 
broken from any attachment; and a disarticulated cup 
of this taxon is on the right. 
E: A small circlet of five, equal, regularly-disposed plates.
F: This pluricolumnal, unlike others on the slab, 
consists of elliptical columnals. It is four columnals in 
length, each of which is about the same size. Latera are 
slightly convex and unsculptured.
G: A large brachial (=arm plate), poorly preserved.
H: The oral surface of a long, slender, unbranched 
crinoid arm.
J: This poorly preserved, branched coral has a 
mineralised surface of concentric, ring-like structures.
Interpretations of the material
The great diversity of crinoid ossicle morphology is 
indicative of a large diversity of crinoid taxa (Donovan, 
1992; Donovan & Lewis, 2011), possibly accumulated 
over a long period of time; these are supplemented by at 
least three species of coral (B, D, J). The surface shows 
some evidence of current action. Many long fossils, 
mainly pluricolumnals, are orientated either towards 
the top and bottom of the image or side-to-side. The 
former group includes the longer specimens, which are 
interpreted as indicating the azimuth of current flow, 
being oriented parallel to flow on the sea floor. Some 
shorter pluricolumnals may have been rolled and, 
hence, are preserved at 90⁰ to the inferred flow.
A: These columnals are most probably from the 
diplobathrid camerate crinoid Gilbertsocrinus 
Phillips, well known from its thecae in the Clitheroe 
area (Donovan & Lewis, 2011). The features of the 
Gilbertsocrinus columnal were described in detail by 
Riddle et al. (1988) and Donovan (2006).

B: The encrusting epizoozoan (sensu Taylor & Wilson, 
2002) coral is Emmonsia parasitica (Phillips), which is 
presumed to infest the column through 360º. Although 
it is only apparent on the one side of the exposed 
pluricolumnal, the coral does not spread out over the 
adjacent bedding surface, suggesting that it continues 
around the column (cf. Smith & Gullick, 1925, pl. 8, 
fig. 10; Hudson et al., 1966, figs 4, 5). That is, the 
coral almost certainly encrusted the pluricolumnal 
when it was in an erect position, when the crinoid was 
alive; less probably, it could have encrusted a dead 
pluricolumnal on the sea floor which was periodically 
rolled. This is interpreted as an obligate commensal 
relationship between the coral and the living crinoid 
(Donovan 1991b, p251).
C: These prominent pits are not interpreted as predatory 
or parasitic as they do not penetrate the axial canal; 
rather, the producing organisms were each building 
a pit as a domicile. That the crinoid was both alive 
and reacted against this invasion of its skeleton is 
indicated by the swollen stereom calcite reaction. Pits 
in the endoskeleton of Palaeozoic pelmatozoans may 
be difficult to interpret (Donovan 1991b), but, like 
other examples in the literature (Brett, 1978; Meyer 
& Ausich, 1983; Donovan, 1991a), the pit-forming 
organisms gained two advantages: an elevated position 
on the crinoid stem, that would have been advantageous 
in harvesting food from clean water currents, and a 
protective hard substrate surrounding the borer itself. 
Further, although there are multiple pits, it is possible that 
they were formed from a single pit-forming organism 
varying its position (Donovan & Lewis, 2010).
D: These are specimens of the epizoozoan (sensu 
Taylor & Wilson, 2002) tabulate coral Cladochonus 
sp. These are interpreted as obligate commensals of 
crinoid stems (Donovan, 1991b) and in “... Devonian 
examples ... are only found attached to columns on 
which they are commonly positioned around the entire 
circumference” (Meyer & Ausich, 1983, p406, referring 
to McIntosh, 1980). Hudson et al., (1966) and Donovan 
& Lewis (1999) discussed and illustrated Cladochonus 
specimens attached to and intergrown with crinoid 
columns in life.
E: This is a basal or infrabasal circlet of a small crinoid 
cup. It is perhaps seen in basal view, the base of the 
cup being depressed. It is not a pentameric crinoid 
columnal such as Barycrinus Wachsmuth (Donovan & 
Veltkamp, 1990).
F: This is undoubtedly part of the column of a 
platycrinitid, monobathrid, camerate crinoid. These 
are elliptical in section with a synarthrial (‘see-saw’) 
articulation corresponding to the long axis of the 
articular facet (not apparent in this specimen) (cf. 
Donovan & Lewis, 2011, pl. 2, figs B, C). Two genera of 
platycrinitid are common at Salthill Quarry, Platycrinites 
J. S. Miller (three species) and Pleurocrinus Austin & 
Austin (four species) (Ausich & Kammer 2006), based 
on morphology of the crowns.
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G: Crinoid brachials and arms are less often recognised 
by palaeontologists, but they are commonly present 
where there are columnals. This example is unusually 
large, albeit poorly preserved, and shows the adoral 
groove adjacent to the letter G.
H: Unlike G, this specimen is gracile and shows the 
adoral surface of a partial arm, in plan view.
J: This specimen is partially silicified. The surface 
preservation is called beekite, “... a chalcedonic variety 
of silica” (Etheridge, 1893, p75), typically formed on 
invertebrate skeletons with a micro-crystalline structure 
(Carson, 1991).

In conclusion, it is suggested that the study of fossil 
‘sea floors’ (Donovan et al., 2014) has much to offer 
the systematist, palaeoecologist, taphonomist and 
ichnologist,though this one example was admittedly 
chosen with care for the diversity of information that 
it provides. There is a danger of palaeontologists 
becoming two dimensional, by studying sections, but 
not pursuing the bedding plane in the third dimension.
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Further Precambrian (Ediacaran) fossil discoveries
in Charnwood Forest, Leicestershire

Aron Bowers
Abstract: In addition to the two new fossil locations previously described within Charnwood 
Forest, multiple new fossil planes, including new locations, have been discovered over the 
last year. Multiple disc-form fossils abound in these localities. Probable new species are 
described, albeit largely as single specimens. One of the newly discovered localities offers 
the highest concentration of fossil forms to be found within Charnwood Forest to date.

Within the last two and a half years, some of the classic 
Charnwood sites for Precambrian fossil forms have 
been systematically reappraised and similar localities 
have been assessed for new exposures. As a result, 24 
new fossil-bearing bedding planes have been discovered 
within Charnwood Forest; some occur within already-
known fossiliferous sites, but many are from locations 
where no fossils had previously been described.

The outcrops of Precambrian rocks in rural 
Leicestershire represent the core of the Charnwood 
Anticline, in which strata of the Blackbrook Group are 
succeeded by the Maplewell Group (Moseley & Ford, 
1985). The Blackbrook Group includes the rocks of the 
Ives Head Formation, which is famed for a bedding plane 
containing the oldest known Precambrian macrofossils 
in Britain. The forms Ivesheadia lobata, Shepshedia 
palmata and Blackbrookia oaksi were described in 
the 1990s (Boynton and Ford, 1995) and their status 
as definite species has been hotly debated since. The 
theory that they are taphomorphic in origin (i.e., 
decaying biota preserved as indistinct forms, commonly 
in death assemblages) has gained some followers (Liu 
et al., 2010). Within the Maplewell Group, older beds 
of the Beacon Hill Formation have yielded sparse, 
simple fossil discs and microbial matting within 
Bradgate Park. The Beacon Hill beds are succeeded by 
the Sliding Stone Slump Breccia (SSSB), representing a 

series of submarine slumps and general disturbance of 
the sediments, and is further succeeded by strata of the 
Bradgate Formation. It is within the Bradgate Formation, 
particularly close to its interface with the SSSB, that the 
majority of Charnwood fossils are found, including the 
iconic Charnia masoni (Ford, 1958).

One possible reason why the Maplewell Group 
seems to contain the most fossils in the Charnwood 
Forest is that it represents a period of intense volcanic 
activity. The fossil-bearing beds are volcaniclastic in 
origin, being fine layers of ashy material spewed from 
nearby volcanoes in Precambrian times (Carney, 2010). 
The ash, upon landing on the adjacent sea surfaces, 
precipitated out as multitudes of fine layers, each just 
millimetres thick. These engulfed delicate, soft bodied, 
benthic creatures, entombing and preserving them.

The fossils are often termed as biota, in that their 
status as plants or animals is unknown. Since many 
of the fossils are found in strata exhibiting no ripple 
marks, deposition in water deeper than about 50 m 
depth is generally suggested (Carney, 2010), but other 
than this there is no indication of the water depth. If 
little light would have reached potential photosynthetic 
plants, it is likely that the delicate forms are animalian, 
some being akin to extant, deep-water, soft corals, as 
seen in dark, benthic zones of today’s oceans.

The fossils are very delicate forms, and they are 
preserved in negative epirelief, typically with about 2-3 
mm of amplitude. They cast little shadow, and generally 
require oblique lighting, typically at dusk or dawn, to 
allow the morphology to become apparent.

Altar Stones locality 
The Altar Stones, near Markfield, represent a completely 
new fossil locality (Bowers, 2013). The initial 
discoveries involved three discal forms, including one 
with a sinuous attached stem and mop-headed frond. 
Further exploration over an area of 0.85 square metres 
has revealed an additional 19 discoid forms, four of 
which have multiple concentric rings (diameters 10–60 
mm). Additional fossil forms discovered include: a) 
an ivesheadiomorph (52x40mm), b) a Hiemalora aff. 
stellaris (Hofmann et al., 2008) specimen with a raised 
disc diameter of 15mm, and multiple, linear, anchoring 
features with lengths exceeding 100mm, and c) a small 
Charnia masoni form (Fig. 1) with co-attached discoid 
holdfast (disc diameter 20 mm, frond length 60 mm).

Figure 1. Cast of Charnia masoni, with some second-order 
branching visible in parts.
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  A further fossil bedding plane has been discovered, 
in Bradgate Formation strata estimated to be 54 
metres higher in the stratigraphic succession than the 
beds originally recorded (Fig. 2). This bedding plane 
has sparse disc fossils (20–40mm diameter) and an 
area interpreted as indicating microbial growth. The 
latter consists of multiple sinuous bands, indicating 
microbial growth structures within a benthic biofilm. 
Microbial matting structures have also been found in 
the Blackbrook Group (Ives Head Formation). They are 
also reported from the Maplewell Group (Beacon Hill 
Formation of Bradgate Park) (Carney et al., 2000).

New western locality near Markfield 
A large fossil bedding plane has been discovered 
within the western limb of the Charnwood Anticline, 
and is currently undergoing investigations into species 
number, diversity and distribution. It is 15.6 metres long 
with an average width of 2.5 metres, dipping at 41°. It 
lies within the Bradgate Formation, immediately above 
the SSSB. Lichen cover restricts study to only about 
65% of the fossiliferous bedding plane, but 265 discs 
have been recorded to date, and the total number of 
discs present is likely to exceed 400. In terms of fossil 
concentration, this represents one of the richest fossil 

occurrences to have been discovered in Charnwood 
Forest to date. 

 Discs vary from oval to perfectly round forms, with 
diameters of 5–90 mm. Many discs have concentric 
rings, commonly four or seven in number. Additional 
frondose forms are present, but rare. Two small 
frondose forms, without attached discal holdfasts, are 
17 mm in length. A curious frondose form (Fig. 3), 65 
mm long, consists of four parallel structures, sinuously 
curved in the shape of a question mark, with an attached 
holdfast 23 mm in diameter. It resembles no previously 
discovered taxa and is probably a new species. A smaller 
and less distinct, yet similar. form has been discovered 
nearby. A small Charniomorph fossil, 34 mm long and 
with attached holdfast, is present, and several linear 
structures appear to be fragmented rachis forms or 
stipes, the fronds and discs being curiously absent.

Many discal holdfasts seem to overlap, and some 
forms are found whereby a large, faint, discal holdfast 
has seemingly been overlain with numerous smaller 
disc forms (Fig. 4). It is possible that the scarcity of 
large frondose elements within the fossil distribution, 
the presence of juvenile frondose forms, the overlying 
disc structures, and the composition of the bedding 
plane (being somewhat rough and uneven) illustrate 
that this part of the Precambrian sea bed was influenced 
by periods of turbulence. The location of the fossil 
plane is close by presumed Precambrian volcanoes 
(Carney, 2000), suggesting that disturbances caused by 
volcanicity and submarine slope failure may have caused 
the frondose fossil parts to be swept away, leaving only 
the discal holdfasts. Re-colonisation of the sea floor was 

Figure 2. Stratigraphy of the Altar Stones locality.

Figure 3.  Probable 
new species, with 
a wide, banded 
frond attached to a 
discoid holdfast.

Figure 4. Group 
of discoid holdfast 
fossils, one of which 
shows concentric 
banding.
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in a continuous state of flux; small colonies tried to take 
hold, but again were quickly extinguished, as shown 
by the overlying discal holdfasts (Fig. 4). The new 
fossil plane illustrates a death assemblage of preserved 
fossil forms, in complete contrast to the vibrant life 
assemblage of the Memorial Crags, where large and 
juvenile fossil forms co-exist (Bowers, 2013). A cast 
of a small representative area of the fossil plane shows 
26 discs, many of which overlap their neighbours, all 
within an area measuring only 200x250 mm (Fig. 5).

Bradgate Park  
A previous study of the classic Memorial Crags fossil 
plane (Bowers, 2013) revealed the numerical extent of 
its fossils, and more than 250 fossil forms have now 
been catalogued. Two small fossil planes near to the 
classic Memorial Crags locality, and within the late 
SSSB beds, have revealed simple and double-ringed 
disc holdfast fossils. 

An additional fossil bedding plane lies, 4‒5 metres 
stratigraphically below that at Memorial Crags (Bowers, 
2013). It occurs in fine-grained strata of the SSSB, 
where two large disc holdfasts and a Charniodiscus 
frond (Ford, 1958) were discovered. Subsequently 
this bedding plane has been found to hold a further 11 
discal holdfasts (diameters 20‒160 mm), together with 
a small frondose form 35 mm long.

A further small exposure of a bedding plane within 
the SSSB has been discovered near to the War Memorial, 
with a single, double-ringed disc holdfast present. Dale 
Spinney, a walled, wooded area within the park, has 
also been found to contain multiple small, faint, discal 
fossils, within beds of the Bradgate Formation.

Another fossil plane (an area 3 m long by 2.5 m 
high) lies about 25 m below the War Memorial bedding 
plane, within the Beacon Hill Formation. It contains 
numerous simple discs, two large bosses (presumed 
large holdfasts) and a Charnia masoni form that is 132 
mm long with an associated holdfast 22 mm in diameter 
(Fig. 6). The fossil plane is weathered, requiring very 
oblique, dawn  lighting to allow the fossil forms to stand 
out well, as their negative epirelief is only 2 mm.

Warren Hill Woods locality
North of Bradgate Park, the Warren Hill woods mainly 
contain outcrops of the Beacon Hill Formation of the 
Maplewell Group. At the eastern end, the SSSB and 
Bradgate Formation strata are exposed, and this interface 
has a fossiliferous bedding plane, exposed over an area 
only 2 m long by 0.75 m wide. It resembles the classic 
Memorial Crags bedding plane in appearance, and 
occurs at precisely the same stratigraphical level. The 
bedding plane contains 17 discal holdfast impressions 
and a unique concertinaed form, which is probably a 
new species unlike any other known taxa. This consists 
of a small discal holdfast, 13 mm in diameter, with an 
attached lanceolate frond that is very long (estimated 
at 273 mm) relative to its width. The specimen is 
contorted, and could be interpreted as a living form that 
has collapsed and concertinaed upon itself (Fig. 7).

Figure 5. Cast of a small block of loose stone that contains 
26 fossils of discoid holdfasts.

Figure 6. Charnia masoni fossil in low epirelief, from the 
Beacon Hill Formation in Bradgaete Park.
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The Outwoods locality
The previously recognised fossil locality (Boynton, 
1978) has been re-evaluated to reveal 65 fossil forms. 
In addition, five new fossiliferous bedding planes have 
been discovered in The Outwoods. Among the newly 
discovered forms are possible worm traces, identified 
as sinuous wavy markings upon the bedding plane and 
extending for distances of up to 150 mm. Numerous 
discal fossils have also been found, including a 
small specimen 30x26 mm (Fig. 8), with a short co-
attached stem and feathery frond, akin to a juvenile 
Primocandelabrum species (Hofmann et al., 2008).

Besides the new bedding planes, two small fossils 
have been found in loose blocks within the Outwoods. 
Both show Cyclomedusa aff. davidii forms, one with a 
concentric discoid form 13x11 mm (Fig. 9), similar to 
the Ford/King specimen at the University of Leicester’s 
Geology Department (#LEIUG 96879).

Beacon Hill locality
Whereas the Beacon Hill beds have yielded small 
numbers of faint discs within Bradgate Park, historically 
the Beacon Hill locality itself has been found to be 
almost barren of fossils, with just a few discs known 
upon a fossil plane within the parkland (Helen Boynton, 
pers. comm.). Eight fossiliferous bedding planes have 
now been discovered within the Beacon Hill locality. 
Upon each are one or two scattered, simple, disc forms, 
each 8‒150 mm in diameter (Fig. 10).

Figure 7. A species 
that is probably 
new, with a frond 
that has crumpled 
onto itself, above 
its attachment to a 
discal holdfast. 

Figure 8. Discal 
holdfast, wide-based 
stem, attached to 
feathery frond, akin 
to the fossil genus 
Primocandelabrum.

Figure 9. A small specimen of Cyclomedusa davidi found in 
a loose block in The Outwoods.

Figure 10. An ovoid 
disc holdfast fossil 
on a bedding plane 
within the Beacon 
Hill Formation.
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Ives Head locality
Recent re-evaluation of the Ives Head Formation 
classic fossil bedding plane has revealed 49 fossil 
forms, exceeding the estimate of 12‒15 fossil forms 
recorded previously (Boynton & Ford, 1995). One 
Ivesheadiomorph fossil, 45 mm long and 35 mm wide 
(Fig. 11) has been found on a bedding plane about 6 
m below the recognised fossil plane. This makes it the 
oldest Precambrian macrofossil to have been found 
in Britain, and of a similar age to that of c.611 Ma, 
which  is the best estimate for the main fossil plane 
(Noble et al., in press). 

The abundance of Ediacaran fossils
The newly discovered fossil forms raise many points 
of discussion. Firstly the occurrence of such delicate 
fossil forms was once thought to be rare, but the recent 
discoveries of many more fossil bedding planes refute 
this. Charnwood Forest was regarded as the location 
of the first unequivocal Precambrian fossil to be 
described, the iconic Charnia masoni. It was presumed 
that the Charnwood biota was relatively species-poor, 
and certainly poor in fossil numbers, compared to 
the other discoveries of Ediacaran (late Precambrian) 
fossil sites in Australia, Newfoundland, Russia and 
Namibia. However, discoveries of large fossil numbers 
at the quarry site of the Charnia masoni holotype 
(Wilby et al., 2011), and now discoveries of many 
new fossil planes, and the new locations, challenge 
this concept. Intense Precambrian volcanic activity, 
across what is now southern Britain, combined with 
submarine debris flowage and volcanic ash fall-out, 
engulfed and entombed delicate, soft bodied creatures 
living in benthic environments. That the sediment 
has preserved the living forms is interesting enough, 
but that macroscopic life existed in such profusion is 
remarkable.

It is likely that many more new fossil sites will be 
discovered in Leicestershire in the near future. Any 
readers, who should happen to discover in Charnwood 
Forest anything they believe to be Precambrian fossils, 
are invited to contact the author to discuss their finds 
and arrange further investigations of the sites.
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REPORT
Brick-pits of Leicestershire
Trevor D. Ford and Keith Ambrose
Leicester City once had thriving extractive industries 
within its limits, but these have changed over the years as 
workings have developed more within the surrounding 
county. The extractive industries were the quarrying 
of clay for brick-making, gypsum for plaster, sand and 
sandstone for building, as well as limestone quarries 
worked for lime, building stone and the manufacture of 
mortar. Few traces of these are visible today. The brick 
industry is therefore only one of many that worked the 
ground in the city and county. Surveys of Leicester’s 
industries for the British Association meetings of 1907, 
1933 and 1968 (which were held in Leicester) make 
little mention of brick making, but there are records of 
much earlier production (McWhirr, 1997).

An outcrop of Mercia Mudstone Group (formerly 
known as the Keuper Marl, of Middle to Late Triassic 
age) underlies most of the western side of the county 
(Carney et al., 2009). The Group is divided into five 
formations: Tarporley Siltstone, Sidmouth Mudstone, 
Arden Mudstone, Branscombe Mudstone and Blue 
Anchor formations (Howard et al., 2008). Beds dip at 
around one degree to the southeast through the area 
of Leicester city (Horwood, 1913). The western part 
of the Mercia Mudstone Group is largely covered by 
the alluvial terraces and floodplain of the River Soar, 
and elsewhere there is an extensive cover of glacial 
deposits across much of the county. Small outcrops of 
the Branscombe Mudstone Formation occur above the 
terraces west of the River Soar but no brickworks seem 
to have operated there. 

The Mercia Mudstone originated as a desert deposit 
(Bosworth, 1907, 1908, 1912; Jefferson et al., 2002). 
Its red mudstones and siltstones, commonly known as 
marls, were used for the brick-making, but some had 
to be washed to remove dispersed gypsum that was 
liable to form bubbles in the bricks and hence reduce 
resistance to weathering. The overlying Lias Group 
mudstones were not widely used for bricks as they 
contained calcareous fossils that broke down in the 
kilns to create carbon dioxide bubbles with deleterious 
effects.

Brick-pits in Leicester city
Mercia Mudstones underlie the eastern parts of Leicester 
and were quarried from the gently rising hillsides east 
of the Soar Valley. Just inside the present northeastern 
city boundary, the Thurmaston, New Star, Belgrave, 
County, High Mere and Humberstone brick-pits lay 
close together, and a pit at Sileby now lies just north 
of the city boundary. Thurmaston also had a pottery 
works. All these were later filled in, before industrial 
estates were built on top, and little beside New Star 
Road preserves the memory. The Gipsy Lane brick-

pits extended off Ireton Road and Barkby Lane nearby 
(Bosworth, 1912). Pits near Ireton Road were operated 
by the Leicester Brick Co. and by Winterton & Weston. 
Another was worked by Barrow Bros and became 
an ammunition dump during World War II. After the 
war there were scares due to children finding live 
ammunition, so the pit was filled in and an industrial 
unit was built on the site. 

In the Gipsy Lane area the Mercia Mudstone 
contains beds of nodular gypsum, the Newark Gypsum, 
accompanied by fibrous satin spar gypsum, and 
some was used to produce plaster. The immediately 
underlying red beds have greenish reduction spots 
that contain the rare uranium and vanadium minerals, 
coffinite and vesignieite (King & Wilson, 1976; 
Faithfull & Hubbard, 1988; Bevins et al. 2010). These 
minerals also occur in the exposed gypsum beds, so the 
Ireton Road pit has been scheduled as an SSSI. The site 
is much overgrown, but there is still a good rock face 
visible. In the 1950s, a section up to and including the 
Penarth Group was exposed and yielded fragments of 
the Rhaetic Bone Bed. This sequence also included the 
Blue Anchor Formation (formerly the Tea Green Marls), 
which occurs at the top of the Mercia Mudstone Group; 
this consists of up to 8 m of greenish grey mudstones.

Nearer the city centre, Spinney Hill Park was 
developed on the site of large brick-pits that had been 
filled with rubbish and landscaped as a park by 1907. 
Near the city railway station there was a brick-pit at the 
northern end of Prebend Street; it was later filled in, 
and the Collegiate School was built on top, now also 
long defunct. Another pit was by upper Swain Street, 
subsequently filled in and covered by Hillcrest hospital, 
now also defunct. There was a brick-pit described 
(Harrison, 1877) as “near the cemetery”, presumably 
that on Welford Road; the site later held the cattle 
market, and it is now a retail park. Yet another brick-pit 
was on the site of the playing fields of Wyggeston Girls 
School, now Queen Elizabeth College on Regent Road. 
Further south, there were quarries and brick kilns either 
side of the railway, close to its junction, at Knighton 

Mercia Mudstone containing beds of nodular gypsum at the 
horizon of the Newark Gypsum, in the old quarry face at Gipsy 
Lane (photo: Keith Ambrose; BGS, NERC, #P893900).
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Fields (also known as Knighton Junction brickworks); 
they have long been filled in and re-developed. The 
University of Leicester student flats (Nixon Court), 
close to the Homebase store, cover the eastern brick-
pits. South of the railway junction there was another 
brick works on Saffron Lane. 

Just outside the city boundary near the Wigston 
railway junction there was a brickpit at Glen Parva 
(Browne, 1901), and not far from the city boundary 
there were extensive brickpits and kilns at Blaby, west 
of the long-disused County Arms pub. Another pit was 
by the canal east of this pub; many years ago, houses 
were built on the rubbish fill and subsequently had 
problems with methane emissions. All the brickworks 
were defunct by the time of the British Association’s 
survey of the Leicester area in 1907, with only that at 
Knighton Junction being marked on the accompanying 
map (Nuttall, 1907).

Brick-pits in Leicestershire county
West of Leicester city an isolated brick-pit was at 
Glenfield. Known as the Premier Brick & Terra Cotta 
Works, it was west of the village close to the defunct 
railway. Brick-works within the city all worked the 
Branscombe Mudstone Formation in the upper part 
of the Mercia Mudstone Group, but the Glenfield 
site worked  the Gunthorpe Member of the Sidmouth 
Mudstone Formation, in the lower part of the Mercia 

Mudstone Group, and was quarried into the early part 
of the 20th century. Another former brick-works outside 
the city lay in Bradgate Park, on the edge of Charnwood 
Forest. This also worked the Gunthorpe Member and 
is believed to be the source of the bricks for Bradgate 
House. With the building of Bradgate House beginning 
in the 1490s, it would be the oldest surviving brick-pit 
in the county. The freshness of its face suggests it was 
also worked much later.

A high demand for bricks to build terrace housing 
for factory workers arose in the 19th century. After 
the Coalville to Leicester railway was built, large 
brickworks opened up in the county in and around 
the Leicestershire Coalfield and the bricks were 
transported to Leicester by rail. But this source was 
overtaken by the import by rail of mass-produced 
bricks of the London Brick Company from the Oxford 
Clay brickworks of Bedfordshire and Cambridgeshire. 
This led to a partial demise of the local brick industry, 
but since closure of the London Brick Company, the 
Leicestershire brick industry has picked up. There 
are now six brick-works and quarries in the county, 
and four of these are currently working, at Measham, 
Ibstock, Desford and Heather. Those at Shepshed and 
Ellistown are currently mothballed. Five of the works 
are owned by two of Britain’s largest brick companies, 
Ibstock and Hansons. Shepshed is privately owned by 
Charnwood Forest Brick Ltd.

Current extraction of brick-clay from the Mercia Mudstone at the Ibstock quarry (photo: Keith Ambrose; BGS, NERC,  #895027).
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Brick-works that were associated with collieries 
used fireclays from the Coal Measures to make bricks 
in the early days, but these evolved to work the Mercia 
Mudstone Group, along with those not associated with 
coal mines. The presence of iron minerals (mainly 
haematite) in the Mercia Mudstone produces the 
typical red brick. Most of the brickworks now use 
the Tarporley Siltstone, which yields a good mix of 
micaceous mudstones and sandstones for creating 
a wide range of bricks. The quartz grains from the 
sandstone are necessary to prevent excessive shrinking 
during firing, and the presence of mica contributes 
favourably to the process of vitrification that produces 
a glassy bond to give the brick its strength. The mineral 
dolomite, commonly present in the Mercia Mudstone, 
has the effect of producing paler bricks. Blending of 
different clays, and importing other materials such as 
fireclay, anthracite and chalk, produces bricks with 
different properties and colours. Although deemed to 
be a useful ingredient for brick making, mica is not 
routinely added at all brickworks. The Dorket Head 
works in Nottinghamshire works the generally poorly 
micaceous Gunthorpe Member, but they do not add any 
mica to the clays.

Measham brickworks opened in the late 18th 
century. In 2010, Hanson’s new £50 million factory 
was, at the time, the largest and most modern in Europe, 
producing 30,000 bricks per hour. Currently, the quarry 
has six million tonnes of reserves, enough for another 
25 years at the current production level of 100 million 
bricks per year.

The other main producer in the county is Ibstock 
Brick. It originally opened as a coal mine in 1825 but 
by the 1830s, the mine site was also producing clays 
suitable for making bricks. Over the next ten years, a 
primitive brickworks was developed. This sideline grew 
and assumed a greater importance at the beginning of 
the 20th century. In 1928 the coal pit closed and the 
company’s sideline of making bricks, tiles and pipes 
was elevated to centre stage. Ibstock Collieries changed 
its name to the Ibstock Brick & Tile Company in 1935. 
It is now Britain’s largest brick manufacturer, with 
quarries all over the country and an annual capacity 
of more than 900 million bricks. Ibstock Quarry 
works a larger range of the Mercia Mudstone Group 
that includes the Tarporley Siltstone Formation and 
Radcliffe and Gunthorpe members of the Sidmouth 
Mudstone Formation.

The brickworks at Ellistown, Desford and Heather 
grew up from collieries in the late 19th to early 20th 
centuries. Desford has estimated reserves of around 6.5 
million tonnes; extraction levels are around 250,000 
tonnes per annum, giving it a life span of about 26 
years. Extraction of clay at the site is undertaken on 
a campaign basis, usually twice a year for about three 
or four weeks at a time. Excavated clay is loaded into 
dumpers by hydraulic excavators and taken to the clay 
stocking area adjacent to the brickworks via the site 

haul roads. Stockpiles are created using a blend of clay 
resources designed to meet the production requirements 
of the brickworks. About 250,000 tonnes per annum is 
extracted from the quarry, while another 20,000 tonnes 
of other clays are imported for blending. Coal slurry is 
also imported and blended with the clays to control the 
carbon content that aids the firing and also affects the 
colour of the fired brick.

Throughout the county, there is evidence of many 
former small-scale workings in the Mercia Mudstone 
Group, some of which may have been local sources 
of bricks. Brick-works are also known from the 
villages of Earl Shilton, Nailstone and Scalford, and 
the latter worked the Lower Jurassic Whitby Mudstone 
Formation.
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REPORT
Early Pleistocene human footprints
at Happisburgh, Norfolk
The coastal sequence at Happisburgh, Norfolk has long 
been known for the preservation of Early Pleistocene 
sediments. Since 2005 large numbers of humanly made 
flint artefacts have been recorded here and in other such 
sites in North Norfolk. These artefacts have extended 
the record of human occupation of Northern Europe 
back by some 350,000 years. Then in May 2013, the 
first footprints were recorded (Ashton et al., 2014). 
These date back to between 780,000 and 1 million years 
ago, and are thus the oldest known hominin footprints 
outside Africa. 

In Africa, the earliest fossil footprints known 
anywhere are preserved in volcanic ash at Laetoli 
in Tanzania, and these demonstrate bipedalism in 
Australopithecus afarensis dating back to 3.66 Ma. 
Larger footprints known east of Lake Turkana in Kenya, 
formed by Homo erectus or possibly Paranthropus 
boisei, indicate that by 1.5 Ma years ago hominins had 
developed an essentially modern walking gait and had 
reached the stature of modern humans. Footprints are 
however rare since quite remarkable conditions are 
required for the preservation and then re-emergence 
of the print. Preservation requires a combination of 
the correct strength of sediment to preserve the print 
until it can be buried, along with burial in a low-energy 
setting such as slow-flowing water or air fall deposition. 
Several classic sites involve burial by volcanic ash or 
aeolian sand or silt, whereas burial by flowing water, 
such as at Happisburgh, is remarkable since the rate 
of flow must be just right to wash in sediment while 
not destroying the print. Exposing the footprints during 

re-emergence is also a problem, and here Happisburgh 
is an ideal situation since rapid coastal erosion has 
stripped back the overlying strata to reveal a planar 
surface on which the footprints were revealed.

The footprints were in laminated silty sediments, 
part of a sequence of sands, gravels and laminated silts 
laid down within the upper reaches of the estuary of a 
large river. These belong to the Hill House Formation of 
Early Pleistocene age. They underlie the Happisburgh 
Till of Middle Pleistocene age, believed to date from 
Marine Isotope Stage (MIS) 16, the oldest till in the 
considerable Norfolk succession of glacial sediments. 
The palynology of the laminated silts indicates an 
interglacial vegetation succession ascribed to the later 
part of an interglacial period, possibly MIS 21 or 25. The 
footprints were found as hollows on the surface of one 
of the laminated silt horizons over an area of c12 square 
metres. Removal of beach sand exposed the laminated 
sediments to wave erosion, washing out the more sandy 
sediment and exposing the more resistant silts. Most of 
these silt surfaces were flat or gently undulating and 
displayed ripple structures or other bedforms from 
current action during deposition, but one surface was 
clearly different, with a series of hollows ranging from 
circular to elongate in outline. The marked dissimilarity 
of this bed to adjacent areas of rippled laminated silts 
suggested that the features were not the product of 
normal depositional or erosional processes within an 
estuarine environment, and on detailed examination 
the hollows were interpreted as hominin footprints. A 
recent origin for the footprints was discounted since the 
exposed surfaces were compacted and had low moisture 
content. They were too firm to have accepted modern 
footprints after exposure, so the footprints must date 
from a date before the burial of the sediment, before it 
became compacted.

The exposure of bedding 
planes that contained the 
human footprints within 
the Early Pleistocene Hill 
House Formation, inside the 
old sea defences along the 
rapidly eroding foreshore at 
Happisburgh, Norfolk (photo: 
Martin Bates).
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Since the exposed surface was located in the inter-
tidal zone it was clearly subject to rapid destruction 
by wave action, or to re-burial as the beach was re-
established, and so the surface was recorded over a 
period of two weeks by multi-image photogrammetry 
(MIP) and laser-scanning techniques. However, 
the features became less distinct as a result of tidal 
erosion, and had been completely destroyed by the 
end of May 2013. The combination of high tides, 
encroaching beach sand, poor weather conditions and 
time constraints made recording extremely difficult. 
Prior to recordings, water was used to wash away 
beach sand introduced by the previous high tide, but 
complete clearance was impossible due to persistent 
rain. Detailed field measurements were impossible due 
to the time constraints, but MIP proved effective for 
rapid recording. This technique produces a 3D record 
of the surface by processing digital photographs taken 
from multiple positions around and above the subject. 
Laser scanning was less successful due to the steady 
deterioration of the site. 

In all, 152 hollows were studied, and lengths and 
widths were measured from the MIP 3D images. The 
elongate hollows were generally 30-50 mm deep, 140-
260 mm long and 60-110 mm widee, although the 
depths could not be accurately measured where water 
or sand remained in the base of the prints. However 
many of the hollows were seen to be distinctly elongate 
and fell within the range of adult and juvenile hominin 
foot sizes, while none was consistent with the footprints 
of other mammals. In some cases, left or right and front 
or back of the foot was apparent, and in one case toes 
could be deciphered. The orientation of the footprints 
indicated movement in a southward direction on mud-
flats along the river edge. The less elongate impressions 
might also be hominin footprints, with the impression 
simply recording the heel or the front of the foot. The 
depth of the imprints is consistent with a soft to stiff 
muddy substrate; firm mud does not retain footprint 
impressions, while semi-liquid mud has insufficient 
strength to retain a clear, undeformed impression. 

Analysis of the footprints suggests the presence of 
both adults and juveniles. Stature can be estimated from 
foot length; for recent populations, foot-length:stature 
data for adults, juveniles and both sexes produce a 
mean ratio of 0.15. Skeletal evidence from African 
populations suggest that the body proportions of Middle 
Pleistocene hominins was similar to modern humans, 
so this length:stature ratio should be the same. Using 
this figure, the Happisburgh hominins ranged from 0.93 
to 1.73 m in height, which is reasonable for a group of 
adults and children. Body mass estimates can also be 
made from the footprint area, and figures obtained for 
the adult hominins were 48-53 kg based on footprint 
area or 48-52 kg based on footprint length alone. These 
figures must obviously be treated with  caution, but the 
Happisburgh footprints do provide the first indication of 
body size of the earliest hominins in northern Europe.

Comparing these results with the species of early 
humans known in Europe in the Early and Middle 
Pleistocene, the estimated foot size, foot area and stature 
of the Happisburgh hominins correspond best with the 
estimates for Homo antecessor, known from Atapuerca 
in Spain, rather than for Homo heidelbergensis as 
known from Boxgrove or for Homo neanderthalensis 
as known from Swanscombe. Overall it is clear that 
there was a group of at least five adults and juveniles, 
moving in a southward direction across the mudflats 
of a tidally influenced river within the upper reaches 
of its estuary. Palynological analysis of the vegetation 
indicates a mosaic of open coniferous forest of pine 
(Pinus) and spruce (Picea) with some birch (Betula), 
with patches of heath and grassland in the drier areas 
and some alder (Alnus) growing in wetter areas. Thus 
we can derive a good image of a human population that 
lived in Norfolk almost a million years ago. 
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Some of the human footprints set into 
the Early Pleistocene Hill House 
Formation, and exposed on the 
foreshore at Happisburgh, Norfolk, 
during the short interval before they 
were lost to the same wave action that 
had previously exposed them (photo: 
The Guardian).
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REPORT
Landslides in the East Midlands 
Great Britain is not a country renowned for its large 
landslides. It lacks the extreme climatic events and 
the mountainous regions that are associated with 
catastrophic landslides events elsewhere in the world. 
Nevertheless, landslides in Britain do have significant 
societal and economic impacts. Meteorological Office 
statistics have shown that 2012 was the second wettest 
year since collation of national records began in 1910. 
Tragically, this also saw the highest number for many 
years of fatalities due to landslides, including those at 
Burton Bradstock in Dorset and at Looe in Cornwall.  
Even so, these landslides contrast with recent events 
in China, in Afghanistan and in Washington, USA, 
where large and calamitous events claimed many lives. 
However, landslides are common enough in Great 
Britain, and there is currently a heightened awareness 
of these geological hazards, and this was largely due to 
extensive media reports in 2012 and 2013. 

Geologists at the British Geological Survey (BGS) 
have been collecting information on landslides as part 
of regional geological surveys since mapping began 
in 1835. A large proportion of these landslides are 
relicts from major environmental changes at the end of 
the Late Devensian glaciation, and most, but not all, 
currently lie dormant. The degraded nature and subdued 
topography of the landscape means that landslides in 
Great Britain are commonly not viewed as extensive 
or problematic, but all available information is held 
in the BGS National Landslide Database (NLD). By 
developing a database inherited from the Department 
of the Environment, BGS have been consistently 
collecting and updating the landslide data. Landslides 
are recorded as events (or surveys), and these enable 

reactivations to be recorded as they are reported. 
Events have been added and amended from mapping 
surveys, regional reports, scientific papers, university 
theses and unpublished reports. In addition to this, the 
BGS Landslides Team started to monitor the on-line 
news media for reports of landslides in 2006, and have 
incorporated the social media since 2012. The database 
now contains over 16,500 records of landslide events, 
making it the definitive source of information on 
landslides in Great Britain (Foster et al., 2012).
Landslides across Britain 
The rains of 2012 and 2013 cost Britain many millions 
of pounds. In 2012, the country was swept by floods 
from heavy and persistent rain. For long periods, the 
ground was saturated and consequently hundreds 
of landslides occurred in the two years (Fig. 1). The 
news and social media were filled with reports of 
landslides, large and small. First, relatively small-scale 
events frequently made the headlines, as susceptible 
superficial sediments and weaker bedrock materials 
were affected; many of these caused cancellations of 
trains and diversions of road routes. Then, as the water 
percolated deeper into the ground, larger events started 
to occur, with impacts that were felt right across the 
country. Damage occurred to roads (over the Rest and 
Be Thankful Pass west of Loch Lomond, at Rothbury 

Figure 1. Correlation 
between precipitation 
and reported landslides 
(including slope failures 
on manmade slopes) in 
Britain for 2012 and 
2013. Rainfall data 
from the Met Office; 
social media were 
incorporated into the 
data acquisition from 
August 2012 onwards.

Figure 2. The debris 
flow that dumped 
superficial colluvium 
onto the road over the 
Rest and Be Thankful 
Pass in Scotland in 
October 2013 (photo: 
BGS, NERC).
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in Northumbria, and on the A614 at Ollerton), railways 
(at Hatfield Colliery east of Doncaster, and at Barrow 
upon Soar), canals (the Grand Union at Foxton) and 
houses (in Whitby and in Looe). Tragically four lives 
were lost and many more were injured.

Across the country, the number of new landslide 
events in 2012 recorded a fivefold increase over the 
long-term average (Pennington and Harrison, 2013). 
The BGS database currently holds records of 192 
events in 2012, and 162 in 2013, but these numbers 
are not final and new records are still being found 
through archived local news reports and by external 
collaboration. Although landslides occurred throughout 
the country, the most significant numbers were recorded 
in Southwest England, which bore the brunt of most of 
the rainstorms during the period (Fig. 3). 

Landslides in the East Midlands
Within the East Midlands (Nottinghamshire, 
Derbyshire, Leicestershire and Rutland, Lincolnshire 
and Northamptonshire) seven landslides were recorded 
in 2012 and three in 2013 (Fig. 4). All of these were 
classified as ‘Slope Failures’, in that they occurred on 
engineered slopes (either cuttings or embankments) 
rather than on natural slopes. These slope failures are 
mostly small-scale slumps or flows triggered by heavy 
rainfall, and they happen soon after periods of prolonged 
heavy rain. This is not to say that none occurred on 
natural slopes during the time period. All these events 
were reported in the media due to the impact they had 
on people, notably the disruptions of rail travel. Events 
may have occurred on remoter parts of the high ground 
in Derbyshire, but would not have been reported as 
they had little or no impact on society.

Of the seven new landslide events recorded by BGS 
in 2012 (Table 1), five were informed by social media 
and news reports, and the Belper failure was reported 
by using the BGS on-line report-a-landslide form. Four 
of the East Midlands 2012 failures occurred in the 

# event NGR type date impact

18945 Clarborough Tunnel, 
near East Retford

474558E
382641N

Slope Failure (flow off  
bank by west portal) 

27/04 Train was struck by debris, derailed at front,
but coaches stayed upright. Two injuries.

19009 East Coast Railway, 
Allington, Grantham

485000E
338300N Slope Failure 06/07 Railway blocked. 90 minute delays on East 

Coast Mainline near Allington. 

19011 Railway,  Saxilby to 
Stow Park

487000E
378300N

Slope failure
(collapsed bank) 09/07 Train services between Gainsborough and 

Lincoln replaced by buses for one day.

18934 Belper, Parkside 435304E
347461N

Slope Failure (and 
retaining wall failure) 25/12

19784 Eastville, B1184,  
Fodder Dyke Bank

541689E
356883N Slope Failure 01/12 Road closed

19793 Grand Union Canal, 
near Foxton

470588E
289711N Slope Failure 25/12 Canal blocked for week until dredged while 

repairs delayed by water-logged slope.

19804 Barrow upon Soar 457402E
317415N Slope Failure 27/12 Rear 10 wagons of freight train derailed. 

Temporary suspension on fast line.

Figure 3. New landslide events in 2012 (red) and 2013 (blue). 

Figure 4. Landslide 
records 2012 (red 
triangles) and 2013 
(blue circles) in the 
East Midlands.

Table 1. Landslide 
events within the East 
Midlands that were 
recorded in the BGS 
National Landslide 
database in 2012
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# event NGR type date impact

19283 A6097, south of 
Gunthorpe Bridge

468315E
343252N

Rotational Failure in 
embankment 15/08 Road damaged; one 

lane closed.

19423 Halam Hill Road 
cutting, Southwell,

468093E
354295N Slope Failure 01/12

19768 A614, between 
Ollerton and Ranby.

464844E
376016N Slope Failure 18/03 Damage to road and 

traffic delays.

December after a prolonged period of heavy rainfall. On 
April 27th, after a week of heavy rain, landslide #18945 
caught the 11.25am passenger train from Lincoln to 
Sheffield and beyond, though in a non-conventional 
sense of catching a train. The event reached the national 
newspapers, with reports that 17 passengers on the 
two-carriage train were evacuated after it came off 
the tracks near the Clarborough Tunnel, close to East 
Retford, in north Nottinghamshire. Although the front 
of the train was derailed by the landslide debris, the 
carriages remained upright. 

The slope failure on the Grand Union Canal (#19793) 
on January 4th left dislodged material in the canal 
where it could not be removed immediately. Saturated 
land above had the potential to further destabilise the 
bank and cause more slippage into the canal. The canal 
was dredged and reopened after a closure of ten days. 

In 2013 three new landslide events were recorded 
in the East Midlands (Table 2). Once again, all were 
classified as slope failures rather than landslides on 
natural slopes. Landslide #19283 was the failure of 
part of the embankment supporting the A6097 road 
near East Bridgford in Nottinghamshire. The bank on 
the southern side of the road failed over its entire height 
with a width of about 20 metres, and sediment had 
been washed out a few metres into the field below. The 
landslide did not damage the road surface, but was so 
close that traffic was restricted to a single lane past it, 
until the slope was remediated with steel sheet piles.

In the context of the national landslides data for 
2012 and 2013, the East Midlands did not suffer as 
much disruption as did other parts of the country. It is 
clear that the areas that experienced rainfalls that were 
well above average coincided with most of the reported 
landslides, particularly in southwest England. This 
highlights the importance of hydrogeological triggering 
as one of the main drivers of slope instability. However 
the East Midlands record may also be influenced by 
the nature of the reporting. In previous years, a small 
landslide that had partially blocked a minor road would 
be unlikely to register on a trawl of local media; but now 
its mention on social media is just as likely as that of 
a larger landslide, as people have become accustomed 
to communicating travel disruption via micro-blogging 
sites such as Twitter. 

The East Midlands also includes large areas of 
higher ground in the Peak District, where landslide 
events may have gone unreported as they had no impact 
on local infrastructure. Typical of this is the Mam Tor 
landslide. Reactivations of landslides are captured in 
the database only when they are reported in the on-line 
media. Consequently the Mam Tor landslide does not 
feature in this report, though movements were almost 
certainly on a significant scale during these wet years 
(see Mercian Geologist, 2000, v15, p55). At that site 
the only social impact of the landslide was to increase 
the interest for visitors to the permanently closed road. 
Without exception, all the East Midlands events that 
were reported via social media and local news had 
direct impact on day-to-day lives.
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Table 2. East Midlands landslide events 
recorded in the BGS National Landslide 
database in 2013.

Figure 5. The landslide failure, mainly 
of colliery waste, impacting the railway 
from Doncaster at Hatfield Colliery in 
February 2013 (photo: BGS, NERC).

Figure 6. Reactivated landslide in Herefordshire (photo: BGS).
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REPORT
The Derbyshire Mineral Laws
The legal system governing lead-mining in the Peak 
District was formalized by the Derbyshire Mineral 
Customs and Courts Acts of Parliament, 1851 and 
1852, based on Thomas Tapping’s Treatise of 1854. 
However there are still some misconceptions and some 
background information is necessary.

The Derbyshire Peak District or South Pennines 
Mineral Field is some 40 km north-south by 15 km east-
west. It contains over 2000 named mineral deposits; 
most are vertical fissure veins. Units of length along the 
veins are Meers: the square meer mentioned by Tapping 
is only used for the few strata-controlled deposits lying 
roughly parallel to the ground surface. Meers vary in 
length across the mineral field from 27 to 32 yards (ie 
about 25 to 30 metres) in different Liberties. A meer 
is said to be based on the length of vein a miner could 
defend by throwing his pick in either direction, from 
which one can deduce that the 32-yard miners had 
either stronger arms or lighter picks. 

The mineral field is divided into 14 Liberties, most of 
which correspond to a Church Parish, i.e. an area of  4 or 5 
square miles. Liberties may contain as many as a hundred 
mineral veins. Many of the Liberties were long ago grouped 
into the Hundred of the High Peak (the northern part of 
the field) and the Wapentake of Wirksworth (generally 
known as the Low Peak). A Hundred is a division of a 
County said to be based on the land that could support 
a hundred families; a Wapentake is also a division of a 
county, said to be a corruption of Weapon Take). Together 
the High and Low Peak are the King’s Field. For some 
three centuries this was “farmed” (i.e. leased) by the Duke 
of Devonshire from the Duke of Lancaster, i.e. the King or 
Queen of the time (the present Queen Elizabeth II is Duke 
of Lancaster), but the lease has now reverted to the Duchy 
of Lancaster. There are also several private Liberties, some 
held by the Dukes of Devonshire and Rutland. Each of the 
private liberties operates under its own mineral laws and 
some hold their own Barmote Court.

The Duchy of Lancaster’s Barmote Court still meets 
once a year, normally on the third Wednesday in April, 
and I have had the honour of having been a juryman for 
the last 30 years. There is rarely any business except that 
the Barmaster reports the moneys received in lieu of lead 
ore from the mineral operators who still produce fluorspar 
(fluorite), barite and calcite, as they have to separate 
the galena in refining their product. The only private 
Barmote Court that still meets regularly is that held for 
the Duke of Devonshire at Chatsworth House usually in 
October. Apart from the formalities of swearing in a jury, 
the courts are generally social occasions for the Duke’s 
agents, the mineral operators and appropriate guests.

Mineral Laws of 1851 and 1852 apply only to lead 
ore. The veins also contain varying amounts of fluorspar, 
barite and calcite, which come under English Common 
Law, mined either by the landowner or by an operator 
having an agreement with him. So a mineral operator 
working a vein with both galena and fluorspar has to 
operate under two different legal systems with payments 
due to two different mineral rights owners. If limestone 
aggregate is also recovered as a by-product of working 
the vein, then this may belong to yet another mineral 
owner. Hitherto the arrangement has worked amicably.

An added factor today is that much of the mineral 
field is within the Peak District National Park, where 
the Park Authority has planning control. The Authority’s 
current planning policies are very restrictive over most 
types of mineral extraction. However, the working of 
fluorspar deposits contained in veins and replacement 
flats in the limestone is still permitted under certain 
circumstances. In recent years, an undesirable aspect 
has been that mineral veins could only be worked 
economically by bulk mining from surface sites, the 
largest of which lie in sensitive landscape settings. The 
current minerals planning policy in the National Park 
requires a transition from surface to mainly underground 
working for any remaining fluorspar, and it no longer 
makes specific reference to lead ore, barite or calcite. 

Price fluctuations for acid-grade fluorspar caused the 
principal operator (Glebe Mines Ltd., owned by Laporte 
Minerals) to cease mining in 1999 and close Cavendish 
Mill, leaving behind a legacy of unrestored mining sites. 
British Fluorspar Ltd. (owned by the Italian company, 
Fluorsid S.p.A.), has now revived the Glebe Mines’ 
operations and has made a major capital investment in 
modernizing Cavendish Mill. The mill now processes 
ore from Tearsall and Longstone Edge (both surface 
sites, but with limited ore reserves), and from Milldam 
Mine (working a larger mineral resource underground). 
Small quantities of tribute ore are obtained from Hope 
limestone quarry and another site nearby. The modernized 
milling process produces much smaller quantities of 
tailings waste, but there is still an obligation to restore 
both the tailings dam at Blakedon Hollow and the large 
opencast workings along Longstone Edge.
(With thanks to John Hunter for help with up-dates.)

Trevor FordWorked mineral veins on the flank of Cressbrook Dale.
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REPORT
Sedimentology of the Culm Basin: 
the Bude Formation of North Cornwall
Ellis Elliott was awarded the Society’s Beryl Whittaker 
Bursary in 2013 for her undergraduate project studying 
Carboniferous sedimentology in Cornwall. 
For many years there has been speculation as to how the 
sediments of the Bude Formation in Southwest England 
were deposited. The impressive exposures of these 
rocks along the coastal sections around Bude reveal 
a series of intensely folded sequences of interbedded, 
clastic, sedimentary rocks. Fossils are very sparse, but 
sedimentary structures occur in abundance, and reflect 
a unique set of processes that led to their deposition. 
The study area extended for about 3.5 km, containing 
a number of bay and beaches where marine erosion 
has exposed these sequences in well-polished sections 
through the Culm Measures.

The Bude Formation appears to represent a 
monotonous, interbedded sequence of sandstone, 
mudstone and shale. However, detailed logging of these 
coastal sections reveals subtle changes in both lithology 
and bed thickness along the coastline. Changes in bed 
thickness appear to represent fine-grained turbidite 
systems, or more specifically Bouma sequences, that 
form by deposition of sediment in low-density currents 
(Shanmugam, 2012). These sequences commonly have 

beds that are thicker and more massive low down, 
with beds that decrease in thickness and show thin 
laminations towards the tops of the units. However, the 
Bude Formation is unusual, as its sediments at the bases 
of the Bouma sequences are formed of medium-sized 
sand grains (around 0.5 mm in diameter), as opposed to 
typically coarser sand grains (1-2 mm). It is also notable 
that the northern exposures of the Bude Formation 
consist of a shale-rich, interbedded sequence, whereas 
the southern exposures are dominated by interbedded 
sandstone-shale units (Guy, 1995). 

It appears that the sediment lithologies within the 
Bude Formation were influenced by transportation 
and external factors before reaching their destination 
in the Culm Basin. Facies changes along the coastline 
are a reflection of the sedimentary environments that 
surrounded the Culm Basin in the Westphalian stage 
of the late Carboniferous (Reading, 1966). More 
specifically the transition from sandstone-rich facies in 
the south to mudstone-rich facies in the north indicates 
a depositional change from wide, active river channels 
in the north to low-energy floodplains further south. 
This also accounts for the changes in bed thickness, as 
some sandstone beds that make up individual Bouma 
sequences are comparatively thicker in the north, due 
to high sediment input from these active channels. 

There has been some controversy over the sediment 
source of these Culm deposits, and it has been suggested 
that the Pennine Basin may have contributed sediment 
to the Culm Basin (Hallsworth & Chisholm, 2008). 
Sediments in the Pennine Basin were transported from 
south-eastern, eastern and western sources. It is likely 
that these distant sedimentary sources led to prolonged 
transportation, and subsequently formed the mature, 
fine-grained interbedded sequences in the Culm Basin.

The sedimentary sequences in Cornwall were 
intensely deformed during the Variscan orogeny, in the 
late Carboniferous, when compressive stress originated 
from south of the Culm Basin and migrated north to 
produce thrust faults and strike-slip movement within 
the Bude Formation.

Besides being an attractive tourist location, the 
coastline that exposes the Bude Formation is a 
rewarding venue for the geologist, as it reveals a wealth 
of sedimentary features and structural elements that 
challenges geological debate at all levels.
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Culm sequences exposed at Wrangle Point on the north 
side of Crooklets Beach, Bude, are distinctive because they 
show a progressive upwards facies change with shale beds 
becoming thicker while the interbedded sandstones become 
thinner. The angular anticline was subjected to later fault 
movement during extension that followed the main phase of 
compression in the Variscan orogeny.
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EXCURSION
Ticknall Quarries
Leader: Keith Ambrose, British Geological Survey
The village of Ticknall in South Derbyshire is sited in 
an area of varied geology. The former lime quarries 
in the village worked the uppermost beds of the Early 
Carboniferous Peak Limestone Group, formerly known 
as the Carboniferous Limestone. These are now referred 
to as of Mississippian age rather than of Dinantian age. 
The rocks are all of the youngest Brigantian age and, 
although we do not see the junction with the overlying 
Namurian beds, the latter crop out very close by. The 
limited evidence suggests this is an unconformity, with 
strata of Arnsbergian age overlying the Peak Limestone 
with the Pendleian absent. Locally, the Carboniferous 
is overlain unconformably by the Permo-Triassic Moira 
Formation (formerly Moira Breccia) and Triassic 
Chester Formation (formerly Kidderminster Formation, 
Polesworth Formation and Bunter Pebble Beds). The 
former is a predominantly mudstone sequence with 
some sandstone, and was worked for bricks in Ticknall. 
The Chester Formation consists of sandstones, pebbly 
sandstones and conglomerates and forms the basal unit 
of the Sherwood Sandstone Group. The Thringstone 
Fault runs NW-SE through the village and forms the 
known eastern edge of the Leicestershire Coalfield and 
western edge of the Precambrian Charnian rocks. There 
are four other inliers of Peak Limestone in the area 
aligned parallel to the Thringstone Fault; all dip gently 
to the northeast unlike the steep westerly dips seen in 
the Breedon and Cloud Hill inliers 4 km to the east.

Hull (1860) and Fox-Strangways (1905) both gave 
only brief mention of the limestones at Ticknall and in 
adjacent inliers. Parsons (1918) gave the first detailed 
sections from this locality, dividing the exposed 
sequence, then about 15 m thick, into five units. Mitchell 
and Stubblefield (1941) agreed with Parsons’ findings. 
The only recent work has been by Monteleone (1973) 
in an unpublished PhD thesis. He examined all of the 
Carboniferous limestone outcrops in Leicestershire and 
South Derbyshire, including the Ticknall sections, in 
detail and proposed a two-fold subdivision, combining 
Parsons’ units (see Table).

A two-fold subdivision similar to that of Monteleone 
(1973) has been recognised during the recent survey 
(Ambrose and Carney, 1997; Carney et al., 2001, 2002), 
although the member names are not retained. There is 
repetition of the interbedded limestones and mudstones 
lower down in the sequence in the Ticknall borehole. 
The lower part of the sequence originally exposed in 

the caverns are now no longer visible (Parsons’ Sandy 
Stratum and below), but can be broadly recognised in 
the Ticknall borehole.

Past workers have published faunal lists from the 
Ticknall quarries (Hull, 1860; Harrison, 1877; Fox-
Strangways, 1905, 1907; Parsons, 1918). Wilson (1880) 
found 30 species of fish, mainly teeth, in the mudstone 
beds of these quarries, and he lists several other species 
found by other workers at the same locality. In addition, 
Parsons (1918) published specimen lists from the Calke 
Park inlier, and Mitchell and Stubblefield (1941) listed 
specimens collected from the old quarry [SK370226] 
near to Calke Abbey. More recently, Monteleone (1973) 
gave further faunal lists for Ticknall and Calke Park. All 
workers concluded the fauna indicated a D2  (Brigantian) 
age for these beds. The brachiopod Gigantoproductus 
is one of the key fossils found that indicates this age. 
No additional faunal collection was made during the 
recent survey by the British Geological Survey, but 
sampling for foraminifera in the Ticknall Borehole 
confirmed the Brigantian age for the upper part of the 
sequence. Elsewhere, a Brigantian age is indicated for 
the Ticknall Limestone at Grace Dieu (Kent, 1968), 
about 10 km to the south east, and in Cloud Hill quarry, 
where Gigantoproductus has also been found and the 
sequence includes the typical palaeosols seen in the 
Ticknall borehole. 

The Ticknall Limestone has been mineralised 
and was worked for lead nearby to the southeast, at 
Dimminsdale. Some minerals have been noted from 

Parsons (1918) Monteleone (1973)
Grey and yellow dolomite                    3.4m
Thinly bedded limestones                    3.4m

Thinly bedded limestone 
and dolomite member                7m

Sandy stratum                                      0.7m
Foraminiferal limestones and shales   4.1m
Crinoidal limestones                            3.4m

Limestone and shale member    8m

Well-bedded limestones and dolostones at Locality 2.

Comparison of part of the
stratigraphical successions 
recognised by Parsons and 
Monteleone at Ticknall.
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the Ticknall inlier, namely galena, chalcopyrite, baryte 
and aurichalcite (King 1968).

BGS drilled a borehole at Ticknall [359236] as part 
of the Loughborough sheet mapping programme. It 
proved a very interesting sequence, comprising  around 
55 m of Ticknall Limestone, overlying 33 m of Cloud 
Hill Dolostone Formation. The nature of this junction 
is uncertain. It may be a fault or a karstic surface; the 
age of the Cloud Hill Dolostone in the borehole is Early 
Asbian. This, in turn, overlies about 82 m of the Calke 
Abbey Sandstone Formation, comprising dominantly 
sandstones and conglomerates with minor mudstones 
and palaeosols, and a few thin limestones at the top. At 
present the age of these beds is not know but they are 
likely to be Early Chadian. They contain pebbles derived 
from Charnwood Forest, indicating a source from the 
south east for a dominantly fluvial-alluvial fan-debris 
flow association. Cambrian age Stockingford Shale 
Group was encountered at the base of the borehole. 
In the borehole, the Ticknall Limestone and Cloud 
Hill Dolostone are variably limestones or dolostones. 
They vary from shallow water, proximal carbonates 
(grainstones) to more distal interbedded carbonate-
mudstone sequences. The shallow water carbonates 
suggest high energy conditions. Lower in the sequence 
but not seen in the quarries, are common calcretes, 
indicating periods of falling water levels and subaerial 
exposure, and fine grained sabkha-peritidal carbonates. 
The whole sequence is one of predominantly shallow 
water deposition. This differs from the deeper water 
storm deposits and mud mound reefs seen at Breedon 
and Cloud Hill quarries.

The area presents an interesting history for lime 
production, brick making, coal mining used to fire the 
lime kilns and a nearby iron furnace. Going farther back 
in time, there was once a very productive pottery industry 
at Ticknall. Domestic and decorative pottery was made 
here from the late 15th century, although claypits are 
mentioned as far back as the 13th century. By the 
17th century, Ticknall was famous for the production 
of earthenware goods, mainly dairy ware and kitchen 
pots, and was a major producer of ‘Midland Purple’ 
and finely decorated Cistercian ware. However, during 
the 18th century, ceramics from Stoke on Trent started 
to flood the market and Ticknall’s cottage industry 

diminished, until the last pottery closed in 1891. The 
fields around the village still yield many fragments of 
pottery. The precise clays used by the potters are not 
known, with a number of potential sources locally. 
Mudstones occur in the Ticknall limestone but are not 
abundant. They also occur in the nearby Millstone Grit 
and Coal Measures, with the Swadlincote area being 
famous for its fireclay deposits. Mudstones also occur 
in the Moira Formation.

Mines and quarries
Records show that quarrying for lime at Ticknall or 
in the nearby Dimminsdale quarry began as early as 
1393 and continued to 1950. The first known date 
for Ticknall is the 14th October 1462. Limestone in 
the Ticknall area was also worked for building stone, 
mortar and fertiliser for soil. To produce mortar, an 
early cement for building, the limestone was stacked 
in kilns in layers with coal and set alight to produce 
quicklime, which was then mixed with sand and water. 
This may well extend back into Roman times; indeed, 
it is thought that the Romans developed this process. 
Marling the land, or the spreading of lime, dates back to 
medieval times when fields were only used once every 
three years due to lack of fertility. This was only a very 
localised industry, close to outcrops of limestone, as 
transport costs prohibited movement of materials any 
distance. Any unburned limestone was used to build 
houses and walls. The limeyards expanded in the 17th 
century and again in the 18th century, when mines were 
excavated into the rock faces. However, the working 
areas were limited by overburden of Millstone Grit 
to the east, and by the Harpur-Crewe estate at Calke 
Abbey. During this period, there were five allotments, 
or quarries, on the south side of the road and two to 
the north. Boundaries between the allotments were left 
unquarried. They tended to be worked only on a part-
time basis and generally by farmers. The quarries at the 
eastern end were prone to flooding and the water was 
pumped out; today they are filled with water.

The lime was mainly used locally, but transport 
networks developed to export it farther afield. Originally 
it was proposed to build an extension of the Ashby 
Canal to the limeyards but this proved too expensive. A 
tramway was built to the quarries linking the pits to the 
Ashby Canal. New markets were found and the lime-
burning expanded. The required coal was brought from 
local pits at Pistern Hills and Ashby Woulds. The kilns 
burned the finer coal with larger lumps used for the 
domestic market. The bases of the kilns were charged 
with brushwood or other inflammable material, which 
was ignited to burn overlying layers of coal. Kilns 
built around 1804, coinciding with the opening of the 
tramway, provided lime for mortar in the construction 
of Moira Furnace. Soon after, six additional kilns were 
built and a separate limeworks established. By the 
middle of the 19th century, the Harpur-Crewe family 
had a complete monopoly of the limeyards and they 
were leased to a single tenant. In these later years, the 

Interbedded nodular limestones and mudstones at Locality 3.
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limestone was mined in order to extract the best quality 
stone. When abandoned, the mines formed popular 
picnic spots with the local inhabitants, but this practice 
ceased in 1952 with the collapse of one mine. Mine 
entrances can be seen in the extreme southeastern part 
of the former workings and evidence of mine collapse 
is apparent within the main part of the limeyards.

The decline of the Ticknall limeyards was caused by 
the failure to use new technology and by the coming of 
the railways. This made limestone in the Peak District 
much more accessible. By the latter part of the 19th 
century, Ticknall was in decline and only supplied local 
markets. The last firing of the kilns was in 1940.

The Ticknall Tramway was built and opened in 1802, 
20 km long at a gauge of 4 ft 2 ins (1.27 m), linking the 
lime yards and brick works at Ticknall with the Ashby 
canal and Moira Furnace. A tunnel was built to reach 
the quarries by taking the tramway under the access 
road into the Harpur-Crewe estate at Calke Abbey. This 
tunnel is one of the oldest railway tunnels in the world. 
Within the Ticknall complex, the fine arch you can see 
crossing the main road near the entrance to Calke Abbey, 
took a branch of the tramway over to the limeyards and 
brick yards on the north side of the road. In 1830, a 
branch of the tramway was opened to the limeworks 
at Dimminsdale. As well as taking lime away from the 
yards, the tramway was also used to bring in coal to fire 
the kilns. This came from local pits. The tramway was 
last used in May 1913 and finally closed in September 
1915. Although the tramway has now been removed, 
its course is visible as embankments and cuttings to the 
south of Ticknall. The tunnel in the grounds of Calke 
Abbey still remains and is a scheduled monument.

The nearby Moira collieries operated an iron 
furnace (the Moira Furnace, built in 1804 close to the 
Ashby Canal) for smelting iron ores brought in from 
the local mines by canal. Limestone needed for the 
smelting process was brought in by tramway and canal 
from Ticknall.
Excursion route
A walk through the quarries starts at the east end of 
the lime yards [SK363237] and proceeds westwards 
through the main site. The first locality is on the left, 
with a view of the quarries on the right hand side of 
the track and shows all that can now be seen of the 
former mines in the quarries, with the arched roof of 
one of the mines clearly visible. All the exposed rocks 
are dolostone; access is possible but difficult. 

Locality 2 [360237] has several exposures in the 
quarries. A massive, yellowish-stained dolostone can 
be seen in the upper part of all sections, forming the 
uppermost bed in the quarries. It is locally sandy, varying 
to a dolomitic sandstone. This upper bed is the most 
heavily dolomitised part of the sequence, and, because 
of the intense alteration, it is poorly fossiliferous. 

Locality 3 [359236] has the upper, more massive 
dolostone together with the underlying beds. These 
consist of grey, muddy, finely crystalline limestones 
with common interbeds of fissile mudstone up to 0.2 
m thick. The limestones are undulating and nodular 
where thin, due to secondary, diagenetic migration 
of lime. These rocks resemble the Jurassic Blue Lias 
Formation. Fossils are locally common, with some 
shell beds of Gigantoproductus together with crinoids 
and colonial corals. There are two prominent limestone 
beds that can be seen in many of the exposures. These 
beds are locally dolomitised. Only about 6 m of these 
beds are now visible, compared to over 9 m noted by 
Parsons (1918). These beds of interbedded limestone 
and mudstone were the main beds targeted for the 
lime production. Interestingly, some modern cement 
manufacturing also uses interbedded limestones and 
mudstones, such as the Blue Lias of Warwickshire. The 

Opening into one of the old mines at Locality 1.

The western portal of the Ticknall Tramway tunnel.
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bedding is close to horizontal; however, on the left, a 
large block of limestone shows a steep dip to the north 
where it has collapsed over one of the former mines.

At the west end of the quarries irregular mounds 
of spoil cover the floors of the pits, and exposures are 
limited. The tunnel [356237] once took the Ticknall 
Tramway under the road into the Harpur Crewe estate. 
It is still easily walkable, with a torch. At the far end, a 
path to the left returns to ground level.
References
Ambrose, K. & Carney, J.N., 1997. Geology of the Calke Abbey 

area. Brit. Geol. Surv. Tech. Rept., WA/96/17.
Carney, J.N. and 8 others, 2001. Geology of the country between 

Loughborough, Burton and Derby. Sheet Descripton, Brit. Geol. 
Surv., Sheet 141.

Carney, J.N., Ambrose, K. & Brandon, A., 2002. Geology of the 
Loughborough district – a brief explanation of the geological 
map. Brit. Geol. Surv., Sheet 141.

Fox-Strangeways, C., 1905. The geology of the country between 
Derby, Burton-on-Trent, Ashby-de-la-Zouch and Loughborough. 
Mem. Geol. Surv. G.B., Sheet 141.

Fox-Strangeways, C., 1905. The geology of the Leicestershire and 
South Derbyshire Coalfields. Mem. Geol. Surv. G.B..

Harrison, W.J., 1877. A sketch of the geology of Leicestershire and 
Rutland. W White: Sheffield.

Hull. E., 1860. The geology of the Leicestershire Coalfield and the 
country around Ashby de la Zouch. Mem. Geol. Surv. G.B..

Kent, P.E., 1968. The Lower Carboniferous at Grace Dieu. 80-81 in 
Sylvester-Bradley, P.C. & Ford, T.D. (eds.), The Geology of the 
East Midlands. Leicester University Press.

Mitchell, G.H. & Stubblefield, C.J., 1941. Carboniferous Limestone 
of Breedon Cloud, Leicestershire, and the associated inliers. 
Geol. Mag., 78, 201-219

Monteleone, P.H., 1973. The Carboniferous Limestone of 
Leicestershire and South Derbyshire. Unpublished PhD Thesis, 
University of Leicester.

Parsons, L.M., 1918. Carboniferous Limestone bordering the 
Leicestershire Coalfield. Q. J. Geol. Soc., 73, 84-110

Wilson, E., 1880. Fossil fish remains from the Carboniferous 
Limestone of South Derbyshire. Midland Naturalist, 111, 172-174.

The collapsed block of limestone at Locality 3.

VALE
Richard Aldridge, 1945-2014
Richard Aldridge was Emeritus Professor of Geology 
at the University of Leicester. He joined the University 
in 1989 from the University of Nottingham, where he 
was Reader in Palaeontology. He became a Professor at 
Leicester in 1996, served as head of the Department of 
Geology from 1998 to 2004, and held the F.W. Bennett 
Professorship from 2002 until he retired in 2011.

His passing is a great loss to the academic 
community as well as to his family and friends. A 
Londoner by birth, he gained his BSc in Geology and a 
PhD from the University of Southampton. Dick, as he 
was always known, was a palaeontologist specializing 
in the investigation of Lower Palaeozoic fossils. He 
was a world authority on conodonts that he used in 
ground-breaking discoveries that helped elucidate 
the early evolution of vertebrates. Such research was 
highlighted in Simon Knell’s book on The Great Fossil 
Enigma. He investigated ancient, exceptionally well-
preserved fossil deposits, especially in South Africa 
and China, in order to reveal the palaeobiology and 
evolution of extinct animals and thereby gain insight 
into key episodes in the history of life. Using a range 
of microfossils he also established schemes to date, 
correlate and environmentally signature early rock 
sequences both locally and internationally.

His leadership and wisdom was widely sought 
after, and he served many learned societies and 
organisations with distinction. He served as president 
of the International Palaeontological Association 
(2002-6), the Palaeontological Association (2008-
10), the Micropalaeontological Society (1995-8), and 
the Geology Section of the British Association for the 
Advancement of Science (2001-2). He was also on a 
range of NERC, Royal Society and other professional 
committees. His academic merit and contributions were 
widely recognized; he was the recipient of the Lapworth 
Medal of the Palaeontological Association, the Coke 
medal of the Geological Society and the Brady Medal 
of the Micropalaeontological Society.

Dick enjoyed teaching and he excelled at it. In 
addition to his distinguished scientific research and 
publications his enduring legacy will undoubtedly be 
his enthusiasm for learning and for the philosophy and 
curiosity-driven nature of science that was warmly 
appreciated by all the undergraduate students he taught 
over the years and by nearly 30 doctoral research 
students who benefited from his training. Many of those 
he supervised now occupy senior positions in academia 
and other professional bodies. He was a much-loved 
and generous colleague, always willing to help and 
offer advice. Especially when he was in Nottingham, 
he was an active member of the Society, and edited the 
Mercian Geologist from 1992 to 1995.

David Siveter and Mark Purnell
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HOLIDAY GEOLOGY
Ground subsidence in Mexico City
Far away from the tropical beaches of Cancun, Mexico 
City presents a totally different face of this large and 
fascinating nation. Though the city is now one of the 
world’s largest, with a population of around 20 million, 
the urban fabric also provides a geological classic - 
as its ground subsidence is the largest in the world. 
Because Mexico City is built on an old lake bed that 
is largely floored by horribly weak clays. These are 
no ordinary clays, but are mainly composed of highly 
compressible smectite, a group of clay minerals in 
which montmorillonite is the dominant member. This 
is the type of clay mineral that is formed especially 
easily by tropical weathering of volcanic material. And 
Mexico City is surrounded by volcanoes; Popocatepetl 
is often seen smoking on the city’s southern horizon.

The smectite-rich clays are so compressible that 
they have long been known to cause any amount of 
subsidence problems within the city that stands on 
them. Because it was known that a heavy building 
would inevitably sink into them, it has long been 
good practice to build many of the larger structures on 
massive concrete rafts, and just let then sink slowly 
into the ground without suffering significant damage 
(services and pipelines in and out of the buildings were 
installed with flexible joints). This is all very apparent 
with a walk around some of the splendid old churches in 
the city centre (the Centro Historico). Not far southeast 
from the central park (Alameda Central) the Templo 
de San Francisco is a monastic building famed for its 
magnificent wall paintings but is also now more than a 
metre below street level. Northwest of the Alameda, the 
currently more active church of the Templo de Virgen 
del Metro, at the Hidalgo intersection, is now more than 
two metres below street level, so is approached down a 
long flight of steps.

Probably the winner in the subsidence stakes is still 
the Palacio de Bellas Artes, a huge marble edifice that 
is essentially the national museum at the eastern end 
of the Alameda. When its construction started in 1904, 
subsidence was anticipated, so it was placed on a thick 
concrete raft (though this significantly added to the total 
weight of the structure). It has subsided more than three 
metres below street level, and is still going down. The 
current entrance is into what was once the first floor, 
and the original entrance hall is now the basement.

Settlements of individual buildings are only part of 
the story, as the entire city centre has also subsided by 
many metres. This is due to compaction of the clays at 
depth where they have suffered major declines in pore 
water pressure. These highly compressible clays have 
a water content that is typically around 40%, and a 
significant part of the bearing capacity of the saturated 
clay derives from the natural water pressure in the pore 
spaces between the flakes of clay mineral. When this 
water is depleted, clay compaction and regional ground 
subsidence are inevitable.

An old church in Mexico City, intact but abandoned after 
suffering an excess of differential subsidence.

Schematic profile of the ground beneath Mexico City.

The Torre Latinoamericana rising beyond the profile of a 
corner of the Palacio de Bellas Artes.
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The big problem therefore lies at depth, where sands 
interbedded with the clays have long been exploited 
for supplies of fresh water. Pumped abstraction of the 
groundwater has almost no impact on the sand aquifers 
themselves. But water pressures within the alternating 
sands and clays ultimately equalise, as water is 
squeezed out of the clays and into the partially drained 
sands. That loss of support by the pore water pressure 
causes the clays to compress under their own weight, 
independent of any imposed loads from buildings. The 
result is the regional ground subsidence that has caused 
the sinking of cities that stand on alluvial sequences, all 
across the world, famously including parts of Tokyo, 
Shanghai and of course Venice.

But Mexico City has subsided on a grand scale. A 
large part of the city centre has subsided by more than 
nine metres within the last hundred years. In many ways 
this has had little consequence. Unlike Venice, Mexico 
City is far above sea level, so flooding has not been a 
threat, and gradient changes in local drainage patterns 
have been manageable. And the Palacio de Bellas Artes 
is now 12 metres below its original altitude, though this 
is really just a bizarre statistic. 

The ground surface has subsided beneath the 
whole city centre, taking all the roads, buildings, 
infrastructure and services with it. Everything that is, 
except the well casings. These rigid steel tubes have 
not moved, because they are effectively founded in the 
sands around 100 metres down, where they are below 
most of the compacting clays. So the adjacent ground 
has subsided, and has left them protruding from the 
surface. The classic example is a single, old well casing 
that has been left untouched, without its protruding top 
being repeatedly cut off. It stands near the southeastern 
corner of the Plaza de la Republica, the second most 
important square in Mexico City, a short walk west of 

the Alameda. This unique well casing just looks like 
an anonymous street pole, more than seven metres tall, 
and most people pass by without knowing the story 
behind it, as an explanation board is sadly lacking. But 
it is a geological classic, as one of the world’s most 
spectacular demonstrations of ground subsidence. And 
it is still getting taller. Continuing ground movement 
is indicated by the unpainted bit which was below 
ground level when it was last painted. Controls on 
water abstraction have now reduced the city’s rate of 
subsidence, but have not stopped it. 

Many modern buildings within Mexico City have 
been designed to minimise the various impacts of 
the ground subsidence. Concrete rafts alone are not 
adequate, but multiple basements reduce a building’s 
total load by replacing heavy ground with open space,  
a design known as a buoyant or floating foundation. 
Piled foundations are not the simple solution where 
buildings subsequently protrude above the ground due 
to compaction of partially drained clays above the sand 
level that supports the pile tips.

A clever foundation design was employed in building 
the Torre Latinoamericana, a tall office building just 
across the street intersection from the Palacio de Bellas 
Artes. Basements reduce its load, but it also has deep 
piles. These were taken down only to an intermediate 
sand horizon. The intention was that loading 
compaction of the clay beneath the sand would match 
the de-watering compaction of the clay above, thereby 
keeping the building’s entrance at street level. The plan 
has almost succeeded, but not quite, as the adjacent 
pavement is now distorted where it has subsided just 
a little faster than the building. Along with the shear 
cracks where an adjacent building has subsided more 
on its un-piled raft, this buckled pavement makes 
another worthwhile location on a geological walking 
tour of Mexico City’s remarkable ground subsidence.
Mexico City’s subsidence was featured in a lecture, entitled 
Sinking Cities, presented to the Society in March 2014.

Tony Waltham

The protruding well casing in Plaza de la Republica.

The subsided and distorted street pavement alongside the 
relatively stable Torre Latinoamericana.
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REPORT 
British Triassic palaeontology: 
new literature supplement 36
Since the completion of the previous supplement (No. 
35; Mercian Geologist, 18, 144) on British Triassic 
palaeontology the following works on or relating to 
aspects of that subject have been published or have 
come to the compiler’s notice. 
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Ambrose, K., Hough, E., Smith, N.J.P. & Warrington, G., 2014. 
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in Nesbitt, q.v.

Bennett, S.C., 2013. The phylogenetic position of the Pterosauria 
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This is the latest bibliographic supplement in a series 
that was initiated following a review of British Triassic 
palaeontology (Warrington, 1976; Proc. Ussher Soc., 3, 
341-353) and now contains over 700 items that reflect 
continuing interest and activity in the palaeontology of a 
succession that is usually regarded as unfossiliferous.
Previous supplements: 
1–10: 1977–1986, Proc. Ussher Soc., 4(1)–6(3). 
11–33: 1987–2009, Albertiana (the newsletter of 
the IUGS Subcommission on Triassic Stratigraphy, 
available at  http://paleo.cortland.edu/albertiana/). 
34–35: 2012, 2013, Mercian Geologist 18(1), (2).

Geoffrey Warrington, 
Geology Department, Leicester University LE1 7RH

gwarrington@btinternet.com
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