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PROFILE

PROFILE

MRS SUSAN MILES

There has been a tradition in the East Midlands
Geological Society that from time to time it elects as
President a member who is not a professional geologist.
This is very appropriate in a Society which, since its
formation in the 1960s, has been successful in providing
activities of common interest to both professional and
lay geologists. We therefore welcome Sue Miles, an
amateur geologist, as our President with effect from
March 1994.

Sue is a very much an East Midlands person, being
born at Market Harborough in post-war Britain (Second
War!). Her childhood and schooldays were spent in
Leicestershire, firstly at the local school in Kibworth
and then from 1957 at Kibworth Beauchamp Grammar
School. When her father was appointed Head Master
of Humphrey Perkins School at Barrow-on-Soar in
1960, Sue and her family moved to that village, a place
with many geological connections. After a school career
that included an O Level in Geology, she went to Leeds
University where she graduated in Law in 1968. Having
completed her Solicitor’s Finals exams in 1969, she
returned to the East Midlands where she was articled
to the Solicitors firm of Rich and Carr in Leicester and
became a fully qualified Solicitor in 1971.

In 1971 Sue was married and moved to Nottingham
to start work as a Solicitor with L. Bramley Lipman
and Co., whose offices were then in Wheeler Gate. She
became a partner in the firm in 1973, but left in 1975
when the first of her two sons, Richard, was born. Her
younger son, James, was born in 1979.

During the period from 1975 to 1981 Sue’s life had
many facets. She joined forces with a friend to set up
a successful business, making and selling hand-made
patchwork clothes and dolls for young children, trading
under the banner of ‘“Mousetrap’’. While Sue looked
after her two young boys and ran this business she was
frequently called upon by her old firm of solicitors to
cover for absences and vacations. In 1981 she returned
to work part-time for Bramleys, which had moved to
its current location in Oxford Street. As her boys
became more independent she returned to work full-
time, in 1987 becoming a partner once more and in 1990
being appointed as managing partner. Sue has worked
in many areas of legal practice but now specialises in
Court of Protection work, an area which suits her
personality.

Sue’s interest in geology began at school. Her first
field trip with the school geography department to the
Lake District in Easter 1963 really established this
interest, which has progressively developed since then.
Many members of the Society will know that she has
no head for heights, and as that particular field trip
involved climbing Helvellyn via Striding Edge the
impression left behind by the Borrowdale Volcanics
must have been especially memorable. Studying for
geography A Level allowed Sue to enjoy the geologically
related aspects of that subject, and following her Law
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training she once more turned to geology with
enthusiasm, particularly encouraged by two people.
Firstly, Sue’s elder sister Lesley, a geography graduate
and an active member of our Society, passed on her own
enthusiasm for the subject. A little later, in the early
1980s, Sue was inspired like many others by the
teaching of Philip Speed, whose University Extra-Mural
class she attended. Since then Sue has become a serious
student of geology, and with her considerable powers
of observation her greatest enjoyment of the subject is
in the field.

By 1983 Sue had become a very active member of
the Society, was elected to the Council in 1987 and
became Secretary in 1988 following Madge Wright’s
election as President. Sue served the Society as Secretary
for six years in a typically meticulous way and Council
has also greatly benefited from her professional advice
on legal matters.

With such an active life it is surprising that Sue has
much time for leisure pursuits. She combines her
geology with a great love of walking and natural history
in all aspects. Her more basic instincts can be recognized
when she wields a tennis racquet or, in earlier days,
a hockey stick. Today Sue lives in Cropwell Butler
where she finds time to extend her interests to
gardening, particularly favouring alpine plants.

Ian D. Sutton
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News from Leicestershire Museums Service

Arthur Cruickshank and Fohn Martin write: In spite of
Mike Taylor’s move to the National Museum of
Scotland and the freezing of his post as Assistant Keeper
in palaeontology, activity in the Earth Sciences at
Leicester has not markedly diminished, although the
remaining staff are noticeably older and greyer!

After Easter, all the main galleries at the New Walk
Museum were closed for a major refurbishment. In
geology, the 1982 vintage ‘‘Lost Worlds’’ and the 1985
Palaeontology displays were dismantled (including the
mounted skeleton of Cetiosaurus) in preparation for a
complete change, with an emphasis on showing visitors
real specimens. We re-opened, in record time, by the
end of June.

We have aimed to share the rich scientific heritage
of the Leicestershire collections with as many people
as possible. Highlights, in a double gallery of star items,
include stunning minerals, the Barwell meteorite and
the holotypes of Charnia and Charniodiscus (displayed
in a cast of the quarry face from which they came).
Cetiosaurus is back, of course, in a new mount, and is
joined by casts of Plateosaurus in a radical quadrupedal
pose, of an Isle of Wight ‘‘Allosaurus’’ (perhaps
Thecodontosaurus), and of Coelophysis, originally from
New Mexico. Bang up to date are the clutches of
dinosaur eggs, some of possible sauropods from
southern France, and two from the incredible set of
South China specimens that contain segnosaur embryos.
Also on show are the Barrow-upon-Soar pliosaur (the
“Kipper’’) and the best of our icthyosaurs with
preserved soft tissues.

Naturally, the galleries also reflect our current
research. For example, Gill Weightman is working out
the mineralogy and environments of the basal Triassic
unconformity in Leicestershire, and examples of the
vanadium, copper and other metallic minerals she is
finding are on display. A full description of Cetiosaurus
is being undertaken by John Martin with Paul
Upchurch (Cambridge), and work is under way on the
biomechanics of this group of dinosaurs in an attempt
to explain their strange anatomy. Meanwhile, Arthur
Cruickshank’s plesiosauran studies are gradually
unwinding after producing more than a dozen papers
since 1991.

These are not easy times for local authority museums.
Funding is being cut, posts lost, and visitor numbers
are down nationwide. Leicestershire Museum Service
is not immune (and has also faced the threat of
dismemberment by Local Government review), but
we’re delighted that with our new displays we’re still
here, and doing what museums should do.

A New Pliosaur for Peterborough

Alan Dawn writes: Bones of Mesozoic reptiles are
regularly found in the Peterborough Member of the
Oxford Clay, exposed in brick pits in the Peterborough
area. Peterborough City Museum has an increasing
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collection of these ancient crocodiles, plesiosaurs,
pliosaurs and icthyosaurs.

The most recent find was made in April 1994, during
a visit by the North Norfolk Geologists’ Association.
A piece of rib was spotted projecting from the clay in
the side of a drainage channel, and a little excavation
indicated that further material was to be found, but was
unfortunately buried beneath several hundred tons of
spoil. Over the next few days volunteers were
summoned, and an appeal to the work’s manager
resulted in the loan of a bulldozer for a few hours. The
spoil heap soon vanished. Hand digging over the next
two weeks revealed about half of the skeleton, including
the articulated neck and part of the skull, complete with
upper and lower jaws with teeth.

The animal is now being cleaned and re-assembled
in Peterborough Museum. Most of the axial skeleton
is present, with thoracic and gastral ribs. Some of the
limb girdle bones have been recovered, but no paddle
bones. The skull is being examined at Leicester
Museum. A specific indentification is yet to be made,
but the animal belongs to the genus Peloneustes.

A RIGS at Ketton, near Stamford

Alan Dawn also writes: The working face at Castle
Cement’s quarry, near Ketton, is more than a mile long
and is well known to geologists. It exposes strata
spanning the Bajocian, Bathonian and lower Callovian
stages of the middle Jurassic. To the south, nearer to
Ketton village, are a number of old and overgrown
quarries. One of these, last worked in the 1930s, exposes
the oolitic Ketton Freestone and the overlying clays of
the Stamford Member of the Rutland Formation. Above
this is a complete exposure of the Blidworth Limestone.

Two years ago the Stamford Geological Society
embarked on negotiations to clear and develop part of
this site as a Regionally Important Geological Site.
English Nature approved and the management at
Ketton Quarry permitted the development, so in early
1994 work finally commenced. A considerable amount
of clearing has now been done. Trees and scrub have
been cut and burned, and steps are being cut to allow
nose-end access to the higher rock beds. The quarry
management are providing a car park and access road,
and an explanatory notice board and leaflets are being
prepared. Support and funding have been made
available by English Nature, the Geologists’ Association
and the EMGS. Members of the Stamford Geological
Society turn out regularly to acquire aching arms and
a few blisters!

If all goes well the site will be at least partially
operational by the summer of 1995. An invitation will
be extended to EMGS members to visit the site, to see
not only the geology but also the abundant and varied
flora growing on the limestone screes.

Sandstone Caves of Nottingham

Andrew Rigby writes: At the present time Tony Waltham
is revising and updating the Sandstone Caves of
Nottingham.
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Letter to the Editor (‘“T”’) 1862. Footprints in Carboniferous rocks. The
Dear Dick Ge-zlolog.zst, l\;)li ?, p. 4;321 figs. 1;13 1 -

R ustin Delair an would welcome further
Paul Coones’ bibliography of Forest of Dean geology information on these tracks, should any Mercian
was very useful. However, as I know to my cost, no Geologist reader know more about them!

bibiolgraphy ever succeeds in being comprehensive! I

attach a paragraph from J. B. Delair & W. A. S. Dr. W. A. S. Sarjeant
Sarjeant 1985 (**History and Bibliography of the study r anjean
of fossil vertebrate footprints in the British Isles:
supplement 1973-1983"°.- Palaeogeogr., Palaeoclimat.,

Palaeoecol., vol. 49, pp. 123-160):
. Rock legends . . .
Gloucestershire

In his review of ““Tracks, Trails and Surface- ﬁ new hdispléy })oardn at hBrfew}}ous.e Yard, bfel(ilw

e’ ottingham Castle, tells the fascinating story of the
Markings * T. Rupert Jones (1862, p. 134 formation of Castle Rock, the East Midlands’ most
famous geological landmark. The display is designed
to appeal to schoolchildren and stimulate their interest
in Earth Science. It explains how the Rock was carved
by meltwater at the end of the Anglian ice age, and then
takes the reader on a journey back through millions of
years of geological time to the Triassic Period,
referred to them in his classic work Siluria (second describing what the world was like when the sandstone

edition, p. 323). Frustratingly, we have located of the Rock was deposited.

no published description of these footprints, whose The display, produced by the British Geological
present whereabouts also eludes us. Survey and supported by Nottingham City Council, is
also available as a poster, illustrated below (Fig. 1), from
the BGS at Keyworth, Nottingham. It is the first of
JONES, T. Rupert, 1862. Tracks, trails and surface- a series of posters that will be produced for famous
markings. The Geologist, vol. 5, pp. 128-139. geological landmarks in British cities.

CASTLE ROCK~ PAST & PRESENT

A journey back in time to Nottingham’s prehistoric landscapes

University of Saskatchewan

mentioned ‘‘footprints in the Coal-measures of

. the Forest of Deane (sic)’’ but furnished no
details of their morphology or exact provenance.
They were noticed equally vaguely in a footnote
by the editor of The Geologist to the letter by ““T”’
on Magnesian Limestone footprints (1862, p. 432)
where it was noted also that Murchison had

The relevant references are:

bout 500 thowsand years ago, when mur s Castle Rark i the romains of anc of ther. Ihe baling sun beais down kosn  Cloud: e P il
anceston weve mubing (rude hond these 1t 5 imack of 5 . pebbly 100k calicd  Iss sky 1krc and thave. small ees wnggle 1o oy d

A axes bom peces o finl, the Trem he: Shenvoud Sandsiane, survive, and a few smal! reptibes sourry abu Onean was fomed 1.. ol v A C[OSER LOOK
flowed souh o Nothngham s o s 400000 s, Cole Rk o Where s you? To Wil slkyl-—cr e Ao role 1 Earth and o ol o

Under 3 micrascope, you can see thal the
Shorwsod Sandstone i made of myriads
of liny graims of sand, loasely cemented
togcther, Thore arc a bot of spaces, cafled

the Vale of Behuir loveards The W
civmate wmed cold, i
Uhe pent 1000 years, B
eath an s caps perhape o hiimetre thic ik
Greenkurd at the prement fime.

tralian dusenti Nethor—it 15 240 snilion years

a0, and v e stanchng where Castle Rock
will une day be Al this time, called the Trassic
omed M Fanth kookod very diticront from .

s Age praple nd, dorday Theet was JUsk One ChonTIus SUXTCO0-

pores, belween the grains. The pores are

When the ¢limate warmed up agam, the ice hotn was barm nincm. which e !l Pangaea. Thre was no . :
o ::v:nh priegiaie along the e o et e s tonarched Mach of Noturgham i bk on the Shemend ;""‘LE“"“"‘"' water, ";" somctancs
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Flg 1. Castle Rock display, available as a poster from the B.G.S.
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White Watson (1760-1835) and his Geological Tablets
T. D. Ford

Abstract: Available information on White Watson’s unusual geological sections, formed by inlaying
samples of the strata in marble slabs, is updated. The history and whereabouts of 25 out of nearly
100 Tablets known to have been made are summarized.

White Watson was a pioneer Derbyshire geologist and
craftsman, mainly in marble, whose work culminated
in the publication of A Delineation of the Strata of
Derbyshire in 1811 and in his preparation of ““Tablets”’
illustrating the disposition of the strata of Derbyshire
and occasionally of adjacent counties. I compiled a
biography of Watson with a description of his
contribution to geology in 1960 and a condensed version
appeared in 1962. The 1960 version was re-issued with
slight revisions as an introduction to the Moorland
Publishing Co.’s reprint edition of Watson’s Delineation
in 1973. Further details have been added by Stanley
(1973, 1976), Torrens (1975, 1977, 1978), Riley and
Torrens (1980) and Cooper (1984).

The purpose of the present note is to record some
further examples of White Watson's tablets. These show
the disposition of the Carboniferous Limestone,

toadstones, mineral veins, Millstone Grit sandstones and
shales, and the Coal Measures along a series of lines
across the Peak District and adjacent areas. The tablets
were made by inlaying samples of the strata concerned
in the appropriate arrangements of anticlines and
synclines into slabs of Ashford Black Marble. Carrara
marble was used for the sky and the title and place
names were engraved in the black marble. Nearly a
hundred are recorded in Watson’s Cash Book (partly
published by Robinson, 1990) and some of the
purchasers can also be identified amongst the
subscribers to the Delineation book of 1811. Prepared
over a period from 1785 to 1831, the early tablets are
diagrammatic only (e.g. Fig. 1), but from 1807 examples
representing sections across Derbyshire and parts of
adjacent counties were made with lengths to a scale of
either 1 inch to 1 mile or ¥z inch to 1 mile, but with

Son & Maw, London™’. (Photo by Saffron Walden Museum).

MERCIAN GEOLOGIST 1995 13 (4)

Fig. 1. Tablet of ‘A Mountain in Derbyshire’’, no date but probably made between 1794 and 1802, inscribed on the edge ‘‘Brown,
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thicknesses and heights exaggerated (Figs 2-4). Some
of the early tablets have the thicknesses of stratal units
engraved in the margins. Most tablets also have
engraved Roman numerals to tie the strata shown to
the descriptions, either in accompanying explanatory
leaflets or later in his Delineation. In some museums
or libraries these tablets and leaflets have become
separated. The later Delineation tablets tend to follow
main roads instead of straight lines. Some tablets are
provided with brass rings fitted for wall hanging, though
in one letter Watson recommended Professor Buckland
to provide ‘‘a stay underneath’ for extra support.
Tablets varied in price up to 16 guineas.

Watson’s classic section across the whole Peak District
was prepared as a folding printed plate in his
Delineation, and was based on a manuscript section
drawn ‘‘by Mr Farey for White Watson’’ in November
1807 (note in Derby C.B.C. Local Studies Library MS
9626). It was given to the Duke of Devonshire on 20th
February 1808, who rewarded Watson with a gift of
10 guineas, but it can no longer be found at Chatsworth.
Farey and Watson apparently cooperated on this section
as there is a note in Watson’s notebooks ‘‘Nov 25th
1807 Mr. Farey and Watson chaise Bolsover-Langwith-
Buxton tracing measures for a section hire chaise a good
deal of time in Chesterfield stayed overnight at the
Falcon £5-18-6"’. Farey first met Watson when he paid
2s 6d to see the “‘fossils’’ on August 22nd 1797. In the
first decade of the 19th century Farey drew sections
of the strata of various parts of England, but they
remained unpublished (see Ford, 1967; Ford and
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Fig. 2. Tablet of ‘A Section of Masson (Hill), Matlock Bath’’, 1815. In spite of the anuchnal form, Watson seems to regard the
crest as a volcanic crater. (Photo by Sotheby’s, Sussex).
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Torrens, 1989). In 1806 Farey began surveying the
minerals and agriculture of Derbyshire and visited
Watson several times. They doubtless had many fruitful
discussions on geological matters, each stimulating the
other. In turn, information on the disposition of the
strata of Derbyshire was passed on by Farey to his friend
William Smith, who incorporated an outline in his
classic map of the Strata of England and Wales (1815).

In 1973 I recorded the whereabouts of 17 tablets out
of nearly a hundred known to have been made by
Watson (Ford, 1973). Some have changed hands or
locations since then and some additions to the 1973 list
may now be made.

Two tablets were sold by Sotheby’s for A. Longsdon

in October 1992, and are illustrated here by courtesy
of Sotheby’s (Figs 2, 5):
1. A Delineation tablet, on a scale of 1 inch to 1 mile,
382 x 5% inches (96 x 14cm) entitled ““A Section in
the Strata of Derbyshire, forming the surface from east
to west’’ (actually Coombs Moss, north of Buxton to
Bolsover, near Chesterfield). Sold for £3800 (= hammer
price, £4180 with commission etc.) to John Starmer,
antique dealer of Liphook, Hampshire and later to
David Pickup, who in turn sold it to John Bedford of
Dowdeswell, near Cheltenham (Fig. 5).

2. A small tablet entitled ““A Section of Masson, a conic
mountain near Matlock Bath, Derbyshire™, signed ““W.
Watson 1815, It measures 53 x 33 inches (14.5 x
8.5cm) (Fig. 2), and was sold for £2400 to John Starmer,
and later to David Pickup, who in turn sold it to John
Bedford. It is only about the size of a postcard but with

MERCIAN GEOLOGIST 1995 13 (4)



WHITE WATSON AND HIS GEOLOGICAL TABLETS
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W :F“
' i

whe srnIcien

AEAKKLW K,
PASILO VRV

¥
g
=

L v pun

A SECTION aor e STRATA 2 D ERBYSHIR l“x.i'uylul\):;‘ ihe SIUJIVE 1(’/’;.[3-",“ Avrow Laylweard o6 ASHOVER § .“N[l’lhI\'r'_\'l’l\'(’l"lll")‘ Hero h BoxsAt ia 1':-._\'ullll GranaeE-mILt. 3
R Y Compused of Splheimens fony each Srevren, bells dese din WATSON'S Drrrvirios Hhoreof e Cant o Westl WHLTE WALSOIN Fecit cxass

.

Y\

Fig. 4. Tablet of “*A Section of the Strata of Derbyshire . . . from Alton to Grangemill’’, 1822. (Photo by Oxford University Museum).
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WHITE WATSON AND HIS GEOLOGICAL TABLETS

a very wide gilded wooden frame and gives a vertically
exaggerated section of the Masson Hill anticline and
the adjacent Derwent Gorge; the toadstone outcrop on
the summit is referred to as a crater!

James Longsdon of Longstone was among the original
subscribers to the Delineation. He died in 1827 and his
collections passed down through the family. Notice of
an auction sale of the Longsdon collections by L. F.
Bingham in Bakewell on December 17th 1896, includes
two lots, which are tablets matching the Longsdon/
Sotheby’s ones noted above, ie. Lot 94 — a
“Delineation Section’’ and Lot 95 — “‘an Inlaid Tablet
illustrating High Tor, Heights of Abraham and Masson
Hill”’. As no other High Tor-Masson Hill tablet is
known it is almost certain that the latter is the same
as that sold recently at Sotheby’s. A cutting stuck in
the flyleaf of the sale catalogue says that Lot 94 was
thought to be worth £12 but was sold for £4, and other
prices were ridiculously low. The Bingham sale raises
the problem of how the tablets were still at Little
Longstone Hall until the 1990s and one can only assume
that they were bought back by some member of the
family and returned home. Sotheby’s 1992 prices are
somewhat higher! Previously, in 1879, Bingham lent
a substantial collection of White Watson’s material for
an exhibition at Derby Museum but whether this
included tablets is not known, nor is it known how
Bingham came to have the material.

Subsequent to Sotheby’s sale, John Starmer put the
two tablets in to Christie’s Scientific instruments sale
on May 6th 1993 and the Masson Hill section was sold
for £3300 to David Pickup, antique dealer of Burford,

CORAT WO

Fig. 5. Enlargement of part of a Tablet closely similar to Figure 3 above showing detail of the Millstone Grit from Chatsworth to

Oxfordshire. The Delineation section did not reach its
reserve price and was later sold privately to David
Pickup for £5000. The two tablets have since been sold
to John Bedford. By the time this note is published they
may well have been sold again!

3. A double-sided tablet illustrating a ‘‘Section of the
Strata of Derbyshire’’ on one side and on the other a
section of the folded and faulted strata and the copper
ore veins in Ecton Hill, Staffordshire, made by White
Watson about 1800 is at the Hancock Museum,
Newcastle-upon-Tyne (Stanley, 1976). It is signed by
White Watson, F.L.S., measures 63 x 4% inches (17.5
x 11.5¢m) and has a brass ring for hanging.

4. A double-sided tablet is in Saffron Walden Museum,
Essex, and shows the same diagrammatic section
through a double anticline of Carboniferous Limestone
on one side (Fig. 1) and a section through Ecton Hill
on the other. It is almost identical to the Hancock
Museum tablet (No. 3) and is also very similar to tablets
in Derby Museum and in the Natural History Museum.
However, the Saffron Walden Tablet has ““(Bro)wn Son
& Maw, London’’ engraved on the damaged edge (Bro
is missing). It is slightly smaller than the Hancock
Museum tablet and measures 6%2 x 4% inches (16.7
x 11.5¢m). It also has a brass ring inset for hanging
it on a wall. It is not dated but such tablets are known
to have been made between 1794 and 1802, possibly
later. Torrens (1992) has taken the marginal engraving
to indicate that others made tablets besides White
Watson, i.e. Brown’s marble works in Derby, in which
the pioneer Derbyshire mineralogist John Mawe

Chesterfield; no date but probably about 1815. (Photo by Sotheby’s, Sussex).
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Fig. 6. Tablet showing a pseudo-escarpment arrangement of ‘‘Limestone Rocks described in Watson’s Delineation’, 1821.

(Photo by Oxford University Museum).

(sometimes spelled Maw) was a partner. Another
possible explanation is that Watson made the tablet to
order for Brown, Son & Mawe, and they simply added
their mark, a common trade practice today. The
similarity to work known to be Watson’s suggests that
Brown, Son & Mawe copied Watson’s work or that it
really is Watson’s.

5 and 6. In 1973 I noted that two tablets were in the
possession of Dr. Arthur Raistrick. He died in 1991
and his geological collection including the two tablets
is now in the Department of Civil Engineering,
University of Bradford. His tablets include a ‘‘Section
of the Strata in Derbyshire’” made in 1797 and
accompanied by a 26 page explanatory pamphlet, and
a ““‘Section of the Strata in Bewerley Liberty,
Yorkshire” (the Greenhow Hill to Pateley Bridge area)
by White Watson, F.L.S. 1800; made and sold by the
author only, and accompanied by a 12 page explanatory
leaflet, printed by H. Baldwin & Son, New Bridge St.
London. The Raistrick tablets are duplicates of those
in Derby Museum illustrated by Moyes (1990).

7. A small-scale version of the Delineation tablet, 52cm
long, was lent for display at Loosehill Hall, Castleton
in the 1980s, and is now in private hands in Bakewell.
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8. An example of the Delineation section of the strata
of Derbyshire from Coombs Moss (near Chapel-en-le-
Frith) to Bolsover is in Blackburn Museum (see Stanley,
1976). It measures 21 x 6% inches (53 x 16cm).

9. A tablet of a section of Bewerley Liberty, Yorkshire,
is in private hands at Osberton Hall, near Worksop.

10. A small tablet of a “‘Section of Limestone Rocks
Described in Watson’s Delineation’” dated 1821 is now
at Oxford University Museum. Measuring 15 x 11%
inches (37.5 x 29.5cm), this has a sky of white marble
over a valley flanked by two pseudo-escarpments
composed of sequences of limestones and toadstones
dipping outwards; numerals keying the sequences to
the Delineation book are engraved in the margins (Fig.
6). This small tablet was despatched to Oxford together
with the two Delineation style tablets previously recorded
at Oxford. One is the Coombs Moss (Buxton) to
Bolsover section (Fig. 3), and the other is from Grange
Mill to Alton (northeast of Ashover) (Fig. 4); both
measure approximately 41 x 10 inches (104 x 26cm).

11. A double-sided tablet almost identical to that at the
Hancock Museum (No. 3), measuring 4% x 67 inches
(11.5 x 17cm) was sold at Christie’s on September 24th
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1993, and bought by Derby Museum for £3500. Its
history prior to the sale is not known.

12. A variant from the usual geological tablets has
recently been uncovered in Chatsworth House. It is a
spray of native copper mounted on white marble in a
frame of black marble with a fillet of white marble.
Although not signed it is described in Watson’s own
catalogue and is clearly his work.

Some background to the production, sale and
distribution of tablets has emerged from Watson’s
correspondence. A draft of a letter to William Buckland
in the Bateman MSS in Sheffield Museum refers to the
two long tablets being sent in 1822 to Buckland at the
Radcliffe Library in Oxford and, with the ““Limestone
Rocks’” Tablet, they are now in the Oxford University
Museum. They cost 16 guineas each. Watson’s two
letters to Buckland are also preserved in the University
Museum. In his draft letter Watson noted that the crate
was being sent by canal from Cromford and that the
box contained a bonus of a Bewerley Liberty tablet,
though this cannot be found at Oxford today. He also
offered Buckland a tablet composed of Derbyshire
toadstones designed like two pyramids, price £3. No
pyramidal tablet is known today, unless this is a peculiar
description of the “‘Limestone Rocks’” tablet.

u

Amongst White Watson’s many customers for tablets
was William Bateman, antiquary, of Middleton-by-
Youlgreave, Derbyshire. Much of William Bateman’s
material, and his son Thomas’s, found its way to
Sheffield Museum after his death but no Tablets can
be found now. However, the Bateman MSS in Sheffield
Museum include a collection of White Watson letters,
23 from Watson to Bateman, 69 from various
correspondents to Watson and a scatter of rough drafts
of letters from Watson to various people (Riley and
Torrens, 1980). Some of these throw interesting light
on the supply of tablets. In November 1831 Watson
was trying to raise money by disposing of three tablets
by lottery: one was a Delineation tablet, another a section
from Grange Mill through Ashover to Alton, and a third
was simply one composed of specimens of marbles,
spars, ores, etc. Further light on the supply and demand
for tablets is in White Watson’s cash book (Robinson,
1990).

A letter from Watson to William Manning, M.P on
8th July 1830 recorded a recently completed tablet
“‘representing the principal Strata of England from
London, thro’ Leicestershire and Derbyshire into
Nottinghamshire, Price £6’’. No Tablet of such an
extended section has been located today.

Fig. 7. Collection of sawn limestone slabs with cabinet and catalogue of ‘A Collection of Fossils, the Produce of Derbyshire, collected
and arranged by White Watson, F.L.S., Bakewell, 1797°". (Photo by the Booth Museum, Brighton).
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Part of White Watson’s business was the supply of
collections of specimens of rocks, minerals and fossils
to clients’ orders. Some of these were simply small sawn
and polished slabs of various rocks, including marble,
and samples of mineral veins. Few of these Watson
collections are recognizable entities today as the
specimens have been merged with larger collections,
but John Cooper of the Booth Museum in Brighton has
sent me the accompanying photograph of a seven-
drawer cabinet of small slabs compiled in 1796 (Fig.
7). It was bought by Sir Cecil Bishop, F.R.S. in Buxton
in August 1796 (the MS catalogue is dated 1797) and
was presented to Brighton Museum in 1935 by his
descendant, the Baroness Zouche of Haryngsworth
(now Harringworth, near Corby, Northamptonshire).
Cooper gave a short description of it in 1984 and it is
currently on loan to Buxton Museum, Derbyshire.

In 1960 and 1973 I recorded that I had found no trace
of Watson having any children, but research by Edward
R. Meeke has revealed firstly that Watson’s wife was
a widow, Mrs. Barker, with two children, who retained
the name Barker, and secondly that Watson was assisted
by a girl, Sarah, who was not a Barker. Sarah married
James Bradbury and had two sons, James Watson
Bradbury and White Watson Bradbury; these names
suggest that Sarah had a close family connection with
White Watson, though no baptismal or marriage
certificate for Sarah has been found. Sarah may have
been an unrecorded daughter or niece of White
Watson. The great grandson Charles Bradbury was
a Bakewell builder who later kept an antique shop in
Baslow in the 1950s and 1960s.

If any reader knows of any more White Watson
tablets, collections or manuscripts I would be pleased
to know the details.
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Appendix: a list of all 25 tablets now known to exist.
Those marked with an asterisk are additions or
amendments to the 1973 list.

Derby Museum:
1 tablet of the strata of Derbyshire from Buxton to Bolsover as
in the Delineation (1811).
1 tablet of the strata at Ecton Hill, Staffs. (c.1797).
1 tablet of ‘A Mountain in Derbyshire” (¢.1791).
1 tablet of the strata in Bewerley Liberty, Yorks. (c.1797).
2 double-sided tablets (one *) of a section of ‘“A Mountain in
Derbyshire’” with ‘‘Strata of Ecton Hill”’ on the back (1794).
Manchester Museum:
1 tablet of the strata as in the Delineation, inscribed 1822.
Natural History Museum, London:
1 tablet of the strata in Bewerley Liberty (c.1797).
Oxford University Museum:
*1 tablet of limestones (in pseudo-escarpments) dated 1821.
1 tablet of the strata as in the Delineation, inscribed 1822.
1 tablet of the strata of Derbyshire from Alton via Ashover and
Matlock to Grange Mill inscribed 1822.
Leicester Museum:
1 tablet of toadstones, lavas and whinstones (1809).
University of Bradford:
*2 ex-Raistrick collection tablets, one of ‘“The Strata of Derbyshire’’
(1797) and the other of Bewerley Liberty (1800), as noted above.
*The Longsdon tablets,
with John Bedford at the time of writing (June, 1993).
1 Delineation section.
1 of High Tor, Heights of Abraham and Masson Hill, Matlock signed
and dated 1815.
Hancock Museum, Newcastle-upon-Tyne:

*1 double-sided tablet with a ‘‘section of the Strata of Derbyshire”’
on one side and ‘“The Strata and Copper Veins of Ecton Hill”’ on
the other.

Blackburn Museum:

*1 Delineation tablet of the Strata from Coombs Moss to Bolsover,
53 x 16cm.

Saffron Walden Museum:

*1 double-sided tablet almost identical to tablets in the Derby, Hancock
and Natural History Museums engraved ‘‘Brown Son & Maw,
London’ (see discussion above).

Chatsworth House:
2 tablets of Derbyshire ‘‘Fossils’’ (comparative slabs of rocks and
minerals), one dated 1788.
1 tablet of 18 varieties of toadstone.

*1 mounted dendritic display of native copper in an oval slab of black

marble with edging of white marble.
Osberton Hall:

1 tablet of Bewerley Liberty, Yorkshire.
In private hands:

*1 Delineation tablet at %2 inch: 1 mile scale, exhibited at the Old House
Museum in Bakewell in the summer of 1994.
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Ediacaran Fossils from the Precambrian (Charnian
Supergroup) of Charnwood Forest, Leicestershire,
England

H. E. Boynton and T. D. Ford

Abstract: The Ediacaran fauna of Charnwood Forest is reviewed and several new forms are formally
named and described, including a complex colonial form Bradgatia linfordensis and three new
medusoid genera and species, Ivesia lobata, Shepshedia palmata and Blackbrookia oaksi. A new
medusoid species Cyclomedusa cliffi is described. The frondose fossil Charnia grandis is recorded
from Charnwood Forest for the first time. Three trails are also noted.

Introduction

Nearly 200 species comprise the Ediacaran/Vendian
fauna, an assemblage of impressions of soft-bodied
organisms now known from at least 25 localities on five
continents (Runnegar, 1992). The phylogenetic position
and evolutionary significance of this assemblage is still
controversial, but understanding of the stratigraphical
and geographical distribution is becoming better
defined. The assemblage largely, if not entirely, pre-
dates the first appearance of small shelly fossils of early
Cambrian (Tommotian) age. Extinction of most
Ediacaran forms appears to have taken place before the
latter appeared (Fedonkin, 1978). The Ediacaran fauna
has generally been assigned to the Vendian substage of
the late Proterozoic (Sokolov, 1973), though other
broadly equivalent and variously spelt substages have
been proposed, e.g. Ediacaran (Termier and Termier,
1960; Jenkins, 1981), Ediacarian (Cloud and Glaessner,
1982; Glaessner, 1984), and Sinian (Grabau, 1922).
Though all authors agree that the strata concerned are
latest Precambrian, a formal stratigraphical
nomenclature based on type localities is still being
evaluated (Harland, 1989; Cowie and Brasier, 1989;
Cowie, 1992).

Most Ediacaran fossils are preserved either as
impressions on the upper surfaces of fine-grained
sediments, as in Charnwood Forest, or as casts on the
underside of overlying coarser-grained sediments, as at
Ediacara.

Charnwood Forest, Leicestershire

Fossils were first discovered, though not recognized as
such, in the Precambrian rocks of Charnwood Forest
well over a century ago. Ramsay (1858) briefly noted
ring-like markings on slates in the quarry north of
Hanging Rocks near Woodhouse Eaves, and the quarry
became known as the ‘“‘Ring Pit’’. Harrison (1877),
quoting Professor Ramsay, noted that the rings might
or might not be of organic origin, possibly made by
seaweeds swinging round in the tides. However, Hill
and Bonney (1877-1880) dismissed these ‘‘curious
concretionary markings’’ as inorganic. In a photograph
by J. Burton taken on June 2nd 1881, entitled ‘‘Ring
Pit Quarry looking north, Pocketgate, Woodhouse
Eaves, Leicestershire’’ and now in Leicester Museum,
the rocks were described as ‘‘Cambrian slates split along
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bedding planes on which are found numerous concentric
rings ranging from 4 to 12 inches (10-30cm.) in
diameter”’. These rings had apparently first been seen
on one of the upper beds as early as 1840.

Other possible fossils were found in Charnwood
Forest by Professor Lapworth, Mr J. Rhodes and Dr
F. W. Bennett (Watts, 1947) who picked up pieces of
banded slate traversed by what they thought were worm
burrows in Deer Park Spinney in Bradgate Park, in beds
now regarded as part of the Brand Group. The
specimens (all but one are now in the British Geological
Survey collections at Keyworth, specimen nos. 104548
and 01802/1-6; the other is in Leicestershire Museum,
specimen no. 13/1904) were cylindrical tubular
markings filled with coarser material, occasionally
showing some parallelism of the infill to the wall of the
tube. Another alleged worm tube was recorded by
Friedman (1950) but it is a knobbly pyritic structure
of probable inorganic origin (specimen no. 84592 in the
British Geological Survey collection). Poorly preserved,
they have all been hitherto regarded as pseudofossils,
though the recent discovery of trace fossils in the
Swithland Formation by Dr B. Bland (pers. comm.)
may re-open the matter.

Records of the Charnian fauna known today date from
1957 when a schoolboy, Roger Mason, was climbing
with friends in the Charnwood Golf Course North
Quarry (the Ring Pit). He discovered a frond-like
impression on one of the bedding planes; this was
subsequently described and named Charnic masoni by
Ford (1958). Together with Charniodiscus concentricus
and several discoid fossils, this has been further
discussed by Ford (1963, 1968, 1980), Boynton (1978),
Boynton and Ford (1979) and by Sutherland et al.
(1987). Re-interpretations of the detailed structure and
biological nature of the Charnian fossils and their
equivalents in other parts of the world have also been
published by Glaessner (1959, 1966, 1971, 1979, 1984),
by Glaessner and Wade (1966), by Jenkins and Gehling
(1978) and by Runnegar and Fedonkin (1992).

As a result of intensive searches some 80 specimens
have now been recorded by the authors in Charnwood
Forest. Closer examination of the bedding surfaces has
also revealed faint traces of structures not previously
noted. Recent finds include some taxa and localities not
previously recorded.
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Charnian Supergroup: Stratigraphy and Age

Watts outlined a stratigraphical subdivision of the
Charnian rocks in 1910 but a full description was not
published until his posthumous book in 1947. Moseley
(1979) remapped Charnwood Forest and has revised and
formalized Watts’ sequence (in Moseley & Ford, 1985)
as in Table 1.

Previous records of Charnian fossils have mostly been
from the Hallgate Member of the Bradgate Formation,
formerly the Woodhouse Beds of Watts’ 1947 classifi-
cation. Ford (1968) recognized that the fossil
occurrences at the Charnwood Golf Course Quarry, the
Outwoods and the Memorial Crags were in the
Woodhouse Beds (now Hallgate Member) at varying
bed thicknesses above the Slate Agglomerate (now
Sliding Stone Slump Breccia); this variation may be due
to local changes in thickness of the basal part of the
Hallgate Member. Moseley (1979), however, regarded
the fossil occurrences as being at three separate horizons
in the Hallgate Member. Other fossil occurrences are
in the Old John Member of the Beacon Hill Formation
in Bradgate Park, in the Lubcloud Greywacke Member
of the Ives Head Formation, and in Cliffe Hill Quarry
at Markfield, where owing to discontinuity of exposure
and faulting the horizon is uncertain but is probably
within the Hallgate Member. Thus, the majority of the
known fossils occur in the Hallgate Member. Three
occurrences of ‘‘worm’’ trails have also been found in
this Member. As yet unpublished, burrows of
Teichichnus type have recently been found in the
Swithland Formation (B. Bland, pers. comm.). Despite
several searches, no recognizable acritarchs have been
found (C. Peat, pers. comm.).

The field relationships of the Charnian rocks strongly
favour, but do not prove, a Precambrian age. In the
Nuneaton inlier in Warwickshire, Cambrian beds
unconformably overlie rocks closely similar to the

Charnian, and both the Nuneaton and Charnwood
Precambrian sequences appear to terminate in a phase
of dioritic (markfieldite) intrusion. Radiometric dating
indicates a late Precambrian age for some of the
Charnian igneous rocks but still leaves considerable
uncertainty about the date of sedimentation. Meneisy
and Miller (1963) obtained a range of K-Ar dates for
the Charnian volcanic (porphyroid) rocks of Bardon
Hill, yielding a preferred age of 684:29 Ma; these
extrusive igneous rocks were thought to be broadly
contemporaneous with the Maplewell Group. The
younger dates they obtairted may be due to overprinting
by later events, but the determination of 684729 Ma
seems to be too high, perhaps due to inherited argon.
Cribb (1975, revised with a new constant by Pankhurst,
1982) obtained a ‘‘young’’ Rb-Sr date of 547:57 Ma
for the southern group of diorites, including the
intrusion at Markfield. Thorpe (1979, 1982) argued a
case for the Charnian being part of a southern British
calc-alkaline igneous province about 600:50 Ma.
Recently Tucker and Pharaoh (1991) have obtained a
U-Pb date from zircons in the Nuneaton diorite
(markfieldite) at 603*2 Ma and Brasier (1992) has
taken this to indicate the age of the whole Charnian
Supergroup. However, no radiometric date has yet been
obtained for any of the Charnian sediments and the dates
obtained from associated igneous rocks still leave open
doubts as to their relationship to the sediments.
Overseas occurrences of Charnian fossils lie in rocks
generally dated at around 550-570 Ma: such a date
is reasonable for the Charnian fossils but, again, most
overseas records are also in rocks where direct dating
is not possible. In the present state of knowledge it is
perhaps best to regard the Charnian fossils as in the
550-600 Ma age range.

As discussed by Ford (1980) these dates place the
Charnian and its fossils in the Vendian division of the
Late Precambrian as understood in Russia (Sokolov,

CHARNIAN SUPERGROUP

Group Formation Member

BRAND Swithland*

(198-356m) Brand Hills Stable Pit Quartz Arenite
Hanging Rocks Conglomerate

MAPLEWELL Bradgate * Hallgate*

(1702-1608) Sliding Stone Slump Breccia

Beacon Hill Old John*

Sandhills Lodge
Beacon fine-grained tuffs(*?)
Benscliffe

BLACKBROOK Blackbrook Reservoir

(1435-718m) lves Head* South Quarry Slump Breccia
Lubcloud Greywackes*
Morley Lane Tuffs

The first thickness figure is from the southwest limb of the Charnwood anticline and the second from the northeast
limb. Fossiliferous formations or members are shown by asterisks. After Moseley and Ford (1985).

Table 1.
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1972, 1973), which has been correlated with the
Ediacaran of South Australia (Termier and Termier,
1960; Cowie and Brasier, 1989; Cowie, 1992). Similarly,
correlation with some part of the Sinian System of China
(Grabau, 1922) is very probable.

Sedimentary Environment

The Charnian sediments comprise a succession of coarse
vitric tuffs, lithic tuffaceous pelites and slump breccias
in the Blackbrook and Maplewell groups. These are
followed by more mature sediments in the Brand Group,
including quartz arenites, with localized conglomerates
and thick pelites (Swithland Formation) in the upper
part. Extrusive volcanic activity was largely confined
to the Maplewell Group, though thick lavas and tuffs
also occur beneath the lowest exposed beds of the
Blackbrook Group in the Morley Quarry borehole
(Pharaoh and Evans, 1987).

Sedimentation commenced in the Blackbrook Group
with periodic volcanicity yielding silt-sized pyroclastic
debris within a thick pelitic succession. Whereas most
of the Blackbrook Group indicates quiet sedimentation,
there are scattered slumped and contorted beds in a few
localities. Deposition of pyroclastic silts and pelites
continued into the Maplewell Group with episodes of
short-lived explosive volcanic activity. Instability is
represented by slump and pull-apart breccias of the
Benscliffe, Sand Hills Lodge, and Sliding Stone
members. The slump breccias indicate gravity slides
of a mixture of coarse agglomerate with uprooted slabs
of pelite, whilst the pull-apart breccias consist of clasts
of pelite and tuffaceous pelite in matrices of arenite,
greywacke or tuff.

The Brand Group shows a marked change to more
mature sediments with sheets of quartz arenite
containing conglomerate lenses passing up into thick
pelites with scattered thin greywackes. The incoming
of the Brand Group arenites suggests a hiatus with a
considerable period of erosion but no clear contacts are
exposed. Rounded pebbles of porphyroid in some of
the conglomerate lenses demonstrate that some erosion
of the Maplewell Group may have occurred, but no
angular unconformity has been detected and so far no
exotic pebbles have been found within the Brand
Group. ‘

The Charnian sediments appear to have been
deposited in a subsiding basin with a volcanic arc lying
somewhere to the west as shown by the rather coarser
pyroclastic material of Bardon Hill and Whitwick in
the northwest part of the Charnwood anticline (Moseley,
1979; Moseley and Ford, 1989). The orientation of
current bedding and slump structures indicates that
most of the basin infill was derived from the west but
there was also some epiclastic detritus derived from a
landmass to the southwest. The environment of the
main (Hallgate Member) fossil horizon was one of
pyroclastic detritus of variable but chiefly fine grained
character. Both fine lamination and graded bedding
have been noted. Shallow water-depth indicators such
as mud-cracks and ripple-marks are lacking but at least
some of the detritus probably fell from the atmosphere
directly into the sea where it settled either as laminae
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of varying grain size or in agglomeratic beds which
slumped due to seismic shocks.

No clear sedimentary water-depth indicators have
been found. The community of benthic organisms with
hold-fasts, planktonic medusoids and occasional trails
could occur at any depth, though it seems likely that
depths were not great adjacent to active volcanoes,
perhaps little more than wave-base. Indeed, it seems
unlikely that planktonic organisms could sink to great
depths and still be preserved on bedding surfaces.

Palaeontology

The Charnian fossils fall into the following groups: (1)
simple frondose colonies; (2) complex frondose colonies;
(3) discs, with or without concentric rings; (4) circular
to ovoid forms with various patterns of lobes; (5)
possible worm burrows.

Some of the faintest impressions are difficult to see
except in optimum lighting conditions; these are
strongly oblique sunlight, normally only available at
certain times of day, at certain seasons of the year, and
varying between localities. Owing to the resistant nature
of the outcrops and the slaty cleavage, collection of
fossil-bearing slabs is rarely possible, and therefore most
specimens remain in their field localities, where,
regrettably, some vandalism has already taken place.

Preservation. Erosional removal of the overlying beds
is an essential feature to reveal the fossils, and it has
therefore been difficult to study the relationships
between the fossiliferous beds and their cover. Only at
one locality has it been possible to make thin sections
through the fossiliferous bed and its cover. This showed
little difference in lithology, no more than a slight
increase in ash content of the overlying bed. Macro-
scopically at the Old John locality the immediate cover
showed a hint of increased water movement and sorting.
No equivalent of the distinct ash fall tuff beds in
Newfoundland has been seen. The fossiliferous horizons
thus represent brief preservational events in a
continuum of volcaniclastic sedimentation.

The fossils are preserved as casts or external moulds
on the upper surfaces of beds of indurated and cleaved
fine-grained tuffaceous sediment. Weathering has
enhanced the relief on some bedding planes, particularly
if they are not too strongly cleaved. The relative
resistance of the organisms’ bodies to decay after burial
was proposed as a reason for different preservation by
Anderson (1978). External moulds could be formed
where the bodies were compacted into the mud on
which they came to rest. The strength of the relief in
some specimens suggests that the bodies had sufficient
strength in the body tissues to project upwards into
overlying sediments during lithification, but no
preserved upper surface of an organism within an
overlying bed has yet been found, precluding a full
comparison with the fossils at Ediacara, which are
preserved in the undersides of overlying beds (Wade,
1968, 1969).

The Charnian sediments are on the borderline
between high grade diagenesis and low grade
metamorphism, and cleavage is present in most of the
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fine-grained rocks. Evans (1963, 1968, 1979) and
Moseley (1979) have shown that although cleavage and
fold axes are roughly parallel they were separate events,
with cleavage imposed after the main folding event. The
fossils occur on bedding planes where weathering has
etched out morphological detail. Most discs are ovoid,
but occasionally others are circular on the same bedding
plane. The elongation of the ovoid discs is not always
in the same ratio and not obviously related to cleavage.
Three discs on the same bedding plane in The
Outwoods have parallel elongation, but the ratios are
1.03, 1.37 and 1.6. The orientation is near to but not
quite parallel to the cleavage; thus it seems unlikely that
the elongation could be a cleavage effect and the
orientation is more likely to have been due to current
direction at the time of settlement. Thus the elongation
of the ovoid discs is here more likely to be an original
feature in contrast to the probable elongation by cleavage
noted in Norwegian medusoids by Farmer et al. (1992).
No distortion of the frondose fossils by cleavage has
been detected.

Fossil horizons. Fossils have been found at six

localities. Whilst four, and possibly five, of these are

in the same member, they cannot be proved to be at

exactly the same horizon.

1. Old John, Bradgate Park — Hallgate and Old John
members

. Memorial Crags, Bradgate Park — Hallgate Member

. The Outwoods, Nanpantan — Hallgate Member

. Charnwood Golf Club (North) Quarry — Hallgate
Member

. Cliffe Hill Quarry, Markfield — Hallgate Member?

.Ives Head — Lubcloud Greywacke Member,
Blackbrook Group

S wnN
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The Fossils. 1. Simple frondose colonies. The best known
of these are Charnia masoni Ford and Charniodiscus
concentricus Ford. C. masoni consists of a frond
composed of a series of lobes obliquely divergent from
a sinuous median line suggesting that a supporting
structure lay out of the plane of the impression. Each
lobe is constricted at close intervals to give a segmented
appearance. The distal end has lobes of decreasing size.
In the Charnwood specimens of C. masoni the proximal
end appears to have broken off from some form of
attachment, but in both C. conceniricus and some
specimens from Ediacara the proximal end of the rachis
merges with the centre of a disc which may have acted
as a holdfast. In C. concentricus the lobes are less well-
defined, closer together and arise at right angles to the
rachis, with distal upward curvature.

In the original description, Ford (1958) suggested that
the frondose organisms could be algal, but subsequently
Glaessner (1959, 1966, 1984), Glaessner and Wade
(1966), Jenkins and Gehling (1978) and Jenkins (1985)
have argued that the organisms have greater affinity with
cnidarians such as pennatulids. Others, such as Pflug
(1966, 1970, 1973) and Seilacher (1984, 1992), have
proposed that the frondose organisms are a totally
distinct, and extinct, type of organism which requires
a separate classification in a Phylum Vendobionta.
Pflug’s descriptions include diagnoses where it is
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difficult to separate factual observation from imaginary
features. Seilacher suggested that the Vendobionta had
a quilted air mattress body structure a few millimetres
thick and that they were sessile obtaining their
nourishment by absorbtion through the integument. We
regard this interpretation as inapplicable both to the
simple and the complex frondose colonies described
herein which show evidence of being erect on the sea-
floor with a three-dimensional structure. As Seilacher
(1984) has suggested, no direct evidence of cnidarian
polyps has been found. However, we agree with
Glaessner (1966) who postiilated that the segments and
the outer ends of the lobes might have been occupied
by polyps, as seen in modern pennatulids (sea-pens).
In both Charnia and Charniodiscus fronds the outer
terminations of the lobes are poorly defined, so that no
seatings or attachments for polyps are visible. Some of
the medusoids have very faint traces of what may have
been tentacles outside the discs.

These two frondose organisms are thought to have
been benthic, attached to the sea floor by discoid
holdfasts. Modern pennatulids have a bulbous organ
inflated with water at the base of the rachis providing
attachment in soft sediments and this may well have
been the case with Charnia. The preservation of the
fossils is through the fronds falling sideways on to the
sediment surface; obverse or reverse impressions of
different characters would result, some showing the
rachis, others not.

Most Charnia specimens in Charnwood Forest are
about 200 mm long but a single incomplete impression
high on the Memorial Crags is about 600 mm long (Fig.
1), and when complete was possibly as much as a metre
long (Brasier, in Cowie and Brasier, 1989). Comparable
large fronds have been found in Newfoundland, Russia
and Australia. Originally named Rangea grandis by
Glaessner and Wade (1966), this large species was
assigned to Glaessnerina by Germs (1973) though he said
that Charnia and Glaessnerina might well be the same
genus. Glaessner (1979, 1984) retained the generic name
Glaessnerina, but this large form was referred to Charnia
grandis by Runnegar (1992). The Memorial Crags
specimen is here assigned to C. grandis. A cast is in
Leicestershire Museums Geology collection, accession
no. G31/1994 (Fig. 1).

Other frondose organisms found elsewhere broadly
comparable with Charnia and Charniodiscus include
Charniodiscus arboreus and Phyllozoon hanseni from the
Bunyeroo Gorge, South Australia (Jenkins and Gehling,
1978), Charniodiscus oppositus Jenkins & Gehling (1978)
from Ediacara, South Australia, Charnia grandis
(Glaessner and Wade, 1966), Preridinium simplex
Giirich (1930) and Rangea schneiderhéhni Giirich (1930)
from Namibia, Pteridinium cf. simplex Giirich from
North Carolina, U.S.A. (Gibson et al. 1984), and
Rangea longa Glaessner and Wade (1966) from Ediacara.
Several types of fronds, including spindle-shaped forms,
lobate and bush-like forms, all unnamed so far, have
been found in the Conception Group of southeast
Newfoundland and only limited descriptions are
available (Misra, 1969; Anderson, 1972, 1978; Anderson
and Misra, 1968).
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Fig. 1. Charnia grandis (Glaessner and Wade): cast of incomplete specimen about 600 mm long.

Charniodiscus cf. arboreus has been recorded with a
variety of other metazoans in the Wernecke Mountains
of the Yukon by Narbonne and Hofmann (1987). A
wide variety of fronds, medusoids and trails has been
found in the Mackenzie Mountains of northwest Canada
(Narbonne and Aitken, 1990). Charnia masoni and
Preridinium nenoxa have been recorded with a variety
of probable medusoids in north Yakutia, Russia, by
Fedonkin (1990). Membranous, carbonized
compressions in the Dengying Formation of the Sinian
System of the Eastern Yangtze Gorge in China were
originally described as a new species of Chamnia, but
were re-assigned to Paracharnia dengyingensis by Sun
(1986a) on account of their much wider axial stems and
shorter polyp leaves. The presence of a Charnia fauna
in several parts of China, Siberia and northern Iran has
been noted by Brasier (in Cowie and Brasier, 1989).
Distinctions between these various frondose organisms
have been made on the basis of details of the lobes, the
presence and size of a stem and on the size of the colony.
Several of the above species have been assigned and re-
assigned to other genera at different times, and those
given above are those currently in use.

The discovery in Charnwood Forest of a single
miniature Charnia-type frond only 17 mm long with
a very small disc holdfast (Fig. 2) suggests that at least
some of the frondose organisms may have had a budding
mode of reproduction; similar small feather-like fronds
have been found on the margins of some of the complex
frondose colonies of Bradgatia noted below, supporting
the view that budding may have occurred from such
colonies (Figs 4, 6, 8, 10).

The small impression Pseudovendia charnwoodensis
Boynton and Ford (1979) was referred to as a primitive
arthropod, but it may well be a fragment of a frond.

2. Complex frondose colonies. Ten highly complex but
faint impressions have been found at the Memorial
Crags locality and at first glance they resemble ball-like
masses of sea-weed. They represent organisms which
may have been up to 40cm in diameter and they can
be broadly described as radiating bundles of Charnia-
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like fronds. The impressions suggest that the complex
colonies may either have been sessile bush-like
organisms, as shown diagrammatically by Jenkins (1984,
1985), or have represented floating colonies which later
settled on the sea-floor in relatively quiet conditions.
The radiating fronds appear to spring from one or more
central protuberances which may represent either
anchoring mechanisms or floats buoying up the cluster
of fronds. The tissues may have been fairly rigid,
strengthened by chitin or collagen, though no direct
evidence of either of these has been found. Nor has
evidence been found of crushing or wrinkling on

A o

Fig. 2. Small Charnia frond, about 17 mm long.
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settlement. These complex colonies are herein
considered to be a single new monospecific genus with
variations in the form of the impressions caused by the
angle of rest on the sediments, the mode of preservation
and perhaps by decay effects. They are herein named
Bradgatia linfordensis. Bradgatia can be visualized as a
colonial organism consisting of a large number of fronds
emanating from an ill-defined central area (Figs 3-11).

Some of the trailing fronds resemble miniature
Charnia (Figs 4, 6, 8, 10) thus suggesting that the
organism could have been a colony of small Charnia-
like fronds growing from a centre. This raises the
question as to the relationship between the complex
colonies and the solitary large frondose organisms. It
is possible to speculate that they were alternating
generations, but without further evidence the problem
remains unsolved and the forms are treated as separate
taxa.

3. Discs and disc-like impressions. By far the most
common fossils in the Precambrian rocks of Charnwood
Forest are discs. They are generally ovoid in shape,
range up to 162 mm in length and have been found at
five localities. Only a few circular discs have been found.
Hitherto all have been referred to Cyclomedusa davidi
Sprigg in its broader definition by Glaessner (1979)
which incorporates forms with and without fine radial
striations preserved.
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Both ovoid and round forms may or may not have
inner concentric rings of varying strength. Some are
completely devoid of such features whilst others have
numerous closely packed rings, which may be sharp
ridges or more gentle convex ridges in cross-section.
The centres of the discs may or may not have evidence
of a distinct boss or the base of a stem-like projection
which is now flattened. Whether these represent
attachment points of fronds or the central organs of
medusoids will be discussed below. Accordingly, the
interpretation of the discs is either as benthic frond hold-
fasts attached to or embedded in the sea-floor or as
the central organs of planktonic drifting jellyfish.
Whether they are Hydrozoa or Scyphozoa cannot be
determined at present, and nothing to support a
morphological evolution from simple Hydrozoa such
as Cyclomedusa to complex Scyphozoa such as
Mawsonites proposed by Sun (1986b) has been found.

Discoid (medusoid?) impressions are common at most
of the same localities as the frondose organisms and are
known from other late Precambrian sequences which
have not yielded fronds as yet, e.g. South Wales (Cope,
1977). A large medusoid fauna has recently been
described from Finnmark by Farmer ez al. (1992). The
fossils show that there was a substantial variety of both
frondose and discoid organisms round the world in late
Precambrian times. At present no morphological types
can clearly be shown to pre-date others so that no
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phylogenies are known. The evolutionary lineage
proposed by Jenkins (1984, 1985) is as yet unsupported
by a sequential stratigraphical distribution of
progressively more evolved forms.

The different types of disc-like fossil found in
Charnwood Forest are:

a) An ovoid disc with a single raised rim but with no
boss or concentric rings; only occasional small
irregularities occur within the disc. Six specimens have
been found, the largest in Cliffe Hill Quarry, Markfield.
It is ovoid measuring 151 x 65 mm. Another specimen
from the same locality shows two overlapping ovoid
discs. These were noted but not named by Boynton
(1978, pl. 22, fig. 4). They are not named here though
they show some similarities to Beltanella gilest Sprigg
and to Planomedusinites grandis Sokolov.

b) Five large ovoid discs were found (three subsequently
lost in quarrying) in Cliffe Hill Quarry. They consist
of an outer, slightly wavy, convex, irregular rim
separated by a smooth gentle depression from a raised
central convex boss. These were listed as Cyclomedusa
cf. davidi Sprigg by Boynton (1978, pl. 21, figs. 3, 4)
and are broadly comparable with Tirasiona disciformis
Palij (Fedonkin, 1978, pl. 3). They are assigned to a
new species Cyclomedusa cliffi.

¢) Circular to ovoid discs with slightly irregular rims
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Fig. 4. Enlargement of upper right
part of Bradgatia linfordensis showing
the Charnia-like character of the
small frondose branches.

and faint lobes in the central area. Figured but not
named by Boynton (1978), these discs occur on Ives
Head in beds of the Lubcloud Greywacke Member,
some 2000 metres stratigraphically below the
fossiliferous Hallgate Member of the Maplewell Group.
They are poorly preserved in rather coarse volcaniclastic
sediments. The locality has yielded two specimens with
an ill-defined cluster of deformed, possibly coiled, lobes
in the centre, Ivesia lobata gen. et sp. nov. (Figs 12,
13), another showing two (or possibly three) discs
adjoining, herein named Blackbrookia oaksi (Fig. 17),
and a third with a palmate disposition of markings and
a faint suggestion of a stem, herein named Shepshedia
palmata (Fig. 16).

d) Ovoid discs showing many concentric rings. Best
known from the Hallgate Member of the Bradgate
Formation, these occur in The Outwoods. The largest
specimen is still in situ (cast in University of Leicester
Geology Dept. accession nos. 115421/0 and 115422/0).
Itis 220 x 160 mm and has at least 12 concentric rings
which are sharp ridges in cross-section. A small irregular
oval boss (with an axis 2 mm long) occurs at the centre
of one of these specimens and there are very faint traces
of what may have been tentacles on the largest specimen,
some apparently extending beyond the margin of the
disc. Referred to Cyclomedusa cf. davidi by Boynton
(1978) and herein, the many concentric rings indicate
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some similarity to Kullingia concentrica Fgyn and
Glaessner, though the rings are not as regularly spaced.
Kullingia sp. of Narbonne and Aitken (1990) in
northwest Canada and Liaonanella multicyclia Xing and
Lui (in Hong et al. 1989) in China are other comparable
forms. The multi-ringed form from The OQutwoods also
resembles Madigania annulata Sprigg which has been
incorporated within Cyclomedusa by Glaessner (1979).
These assignments have also been discussed by
Narbonne and Hofmann (1987). Comparison may also
be made to Kullingia delicata Narbonne et al. (1991),
though its multitude of delicate rings distinguishes it
from the Charnwood specimens. It has been suggested
that these strongly ringed discs bear some resemblance
to the umbrella structures of chondrophore floats
(Foyn and Glaessner, 1979).

e) Other discs which do not fit into the above categories
include some with variably developed central bosses and
one specimen which has four concentric rings within
a well-defined rim. These four rings are broad and
gently arched in cross-section. Other discs have been
figured by Ford (1963), Boynton (1978) and Jenkins
and Gehling (1978), and comparable forms have been
figured by numerous authors. A discussion of the
comparisons between the various discs appears in
Narbonne and Hofmann (1987). Some differ so little
from the disc-like holdfasts of fronds such as
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Fig. 5. Bradgatia linfordensis Fo
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Charniodiscus concentricus that it may be that most, if
not all, are detached holdfast impressions. It seems
unwise to assign these to new species and no formal
names are proposed. A solitary circular mark on a very
weathered dip slope of the Beacon fine-grained tuffs
of Beacon Hill shows too little detail to be sure whether
it is of organic origin or not.

4. Trace fossils. Three isolated occurrences of trails
have been found, two in the Charnwood Golf Course
Quarry and one on the Memorial Crags in Bradgate
Park. One is a faint, shallow, curving groove 2 mm wide
and 300 mm long and resembles Planolites or possibly
Gordia. Another is in positive relief, about 6-7 mm wide
and 100 mm long, looking rather like a faecal cast (Fig.
18). The third, on the Memorial Crags, is a straight
wide flattened groove, possibly of Planolites type (Fig.
19), about 25 mm long and 3 mm wide. Some caution
must be exercised in accepting these as evidence of
former crawling organisms.

5. Problematica. Problematic fossils also occur at Ives
Head, in Bradgate Park and in Charnwood Golf Club
Quarry. They seem to be impressions of incomplete
lengths of a stem or rachis with one or two branches
each terminating in a rounded swelling which droops
outwards. Examples up to 370 mm long have been
found. With no other detail preserved it is impossible
to assign these to any biological group at present.
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Fig. 7. Bradgatia linfordensis — cast of Form B. 416 mm long.
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Fig. 8. Enlargement of part
of Form B showing small
Charnia-like branches about
50 mm long.
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Fig. 10. Enlargement of part of Form C showing small Charnia-like branches about 50 mm long.

Fig. 11. Bradgatia linfordensis Form D.
50 mm wide.
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Fig. 12. Ivesia lobata — holotype. 150 mm wide.

Fig. 14. Cyclomedusa cliffi — holotype.
150 mm diameter.
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Fig. 15. Cyclomedusa cliffi — topotype.
160 mm diameter.
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Fig. 17. Blackbrookia oaksi — holotype. Each subquadrangular
impression is 160 mm in diameter.

Systematic Palaeontology

Four new monospecific genera are described below:
Bradgatia linfordensis, Ivesia lobata, Shepshedia palmata
and Blackbrookia oaksi; one new species Cyclomedusa
cliffi 1s also proposed. Type specimens are mostly still
in situ in the field. Plaster replicas have been deposited
in either or both of the University of Leicester Geology
Department collections or in Leicestershire Museums
geology collections.

Phylum Petalonamae Pflug, 1972
(Problematical Coelenterata (Glaessner, 1979))
Class Rangeomorpha Pflug 1972

Family Charniidae Glaessner 1979

Genus Bradgatia nov.

Diagnosis: A colonial, soft-bodied but moderately rigid
organism consisting of a complex cluster of Charnia-
like fronds diverging from a central ring or boss-like
structure. The stems have a plaited appearance and may
bifurcate several times (Figs 3, 4).

Bradgatia linfordensis sp. nov.

Diagnosis: as for genus.

Etymology: after Bradgate Park and the nearby village
of Newtown Linford, Leicestershire.

Horizon: Hallgate Member, Bradgate Formation,
Maplewell Group, Charnian Supergroup.
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Type locality: Memorial Crags, Bradgate Park,
Leicestershire, England (SK 524 111); near the base
of the bedding plane on the south face.

Holotype: still in situ. Plastotype replicas in the Geology
Dept. University of Leicester, accession no. 115413/0,
and in Leicestershire Museums Geology Collections
Accession No. G26/1994.

Description: The holotype is an ovoid colony of fronds
measuring 410 x 300 mm (Fig. 3). The fronds appear
to arise from a centre composed of three small raised
protuberances each- 10 mm in diameter; two rings
appear to mark further protinberances which have been
damaged. The outer margin of the colony is a finely
indented rim composed of the small distal ends of
fronds. The number of these is indeterminate owing
to poor preservation but there must be at least one
hundred present. The rest of the colony is a complex
cluster of fronds radiating from the central area by stems
which may bifurcate; they decrease in thickness towards
the margin of the colony. From these stems arise a series
of fronds which occasionally show faint, segmented or
lobate structures as in Charnia, each about 50 mm
long. The fronds show little evidence of wrinkling or
overlap so were probably stiffened by some substance
such as collagen. The stems show a knotted, plaited
or knobbly appearance particularly towards the central
area. The tips of the fronds at the bottom of the
impression show a slight curvature to the left, possibly
due to current action. Several other specimens have been
found on the same bedding plane, and faint traces also
occur in Charnwood Golf Course Quarry and at other
localities in Charnwood Forest. Each is treated as a
separate form.

\
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Fig. 18. Trail; Ch
wide and 100 mm long.
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Form A (Figs 5, 6) is still in sizu (cast in University
of Leicester Geology Dept. accession nos. 115414/0 &
115415/0; another cast in Leicestershire Museums
Geology collection accession no. G27/1994); 310 x
260 mm with an elliptical raised boss 52 x 26 mm in
the centre; the boss shows no detail but may represent
a central float or anchoring mechanism which filled with
sediment when the colony settled. Arising from the boss
are stems up to 10 mm wide which bifurcate and thin
to 1 mm nearer the margin. One stem has an irregularly
knotted appearance. The margin of the colony is finely
indented, consisting of the distal ends of fronds, best
seen on the left-hand side. An ovoid disc is present
within the left-hand side of the colony and faintly
preserved within it are at least three Charnia-like fronds
about 50 mm long (Fig. 6) radiating from a central
point, again suggesting a possible budding mechanism
of reproduction.

Form B (Figs 7, 8; cast in University of Leicester
Geology Dept. accession nos. 115416/0 & 115417/0; and
in Leicestershire Museums Geology collection accession
no. G28/1994) lies towards the top of the Memorial
Crags bedding plane. It is the largest of the known
colonies at 416 x 234 mm. It is less ovoid owing to
its mode of preservation. It has no clear central area,
but the fronds do appear to radiate from the upper
centre of the colony. To the left of the centre the fronds
are less clearly defined making the stems relatively
stronger and giving the pectinate appearance. Two
fronds below the centre are about 50 mm long and show
the Charnia type of segmentation. One of these is
reminiscent of the lobate form described from Mistaken
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Fig. 19. Possible trail about 25 mm long on the Memorial Crags.
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Point by Misra (1969, pl. 8b). The right-hand part of
the colony is better preserved but split by an open joint.
Some of the stems again show an irregularly knotted
appearance. The indented margin of frond tips is well
displayed.

Form C (Figs 9, 10) is still in situ in the lower centre
of the Memorial Crags bedding plane (cast in
Leicestershire Museums Geology collection accession
no. G29/1994). An ovoid colony 200 x 180 mm without
any distinct centre of radiation of fronds (Boynton,
1978; Brasier in Cowie and Brasier, 1989). Some of the
fronds at the upper right give an impression of a water-
lily. This part is again comparable with one of Misra’s
forms (Misra, 1969, pls 2a, 4d, 8b), noted by him as
lobate-dendrite (see also Anderson, 1978, fig. 7;
Anderson and Conway Morris, 1982, pl. 1, no. 3). Some
fronds show faint segmentation, whilst distal portions
of the fronds are small and feathery giving an indented
margin to the colony. At the right-hand margin are two
small Charnia-like fronds, each about 50 mm long
(Fig. 10); they extend beyond the margin and may again
represent budding juveniles.

Form D is much smaller than the other colonies (Fig.
11). It lies in the right centre of the Memorial Crags
bedding plane (cast in Leicestershire Museums Geology
collection accession no. G30/1994). Preservation is poor,
and is made worse by slickensiding. It measures only
50 mm in diameter and appears to have two central disc-
like depressions. Five curved lobes arise on the left,
separated by prominent ridges, and are without
segmentation. The lobes on the right are more pointed
like the distal ends of Charnia. A small Charnia frond
appears to be separating from the colony at the bottom
left.

Two rather more faint impressions, not designated
here as forms, lie to the left of Form C. One is an ovoid
colony 170 x 130 mm. Charnia-like fronds are visible
at the top left, some apparently showing bifurcation.
There is no central area but an approximate focus of
radiation near the top suggests that only half the colony
may be present in the impression. A comparison may
be made with one of the Newfoundland forms (Misra,
1969, pl. 4d). Another impression lies even further to
the left of Form C, and appears at first to be a specimen
of Charniodiscus concentricus but is much more complex;
it consists of an ovoid disc with a central raised area
bordered by two concentric ridges. Arising from these
appear to be two faint branches. A less well-defined stem
emanates from the bottom of the disc with very poorly
defined lobes.

Discussion: As Bradgatia linfordensis is a previously
undescribed type of fossil impression, and as its detail
is faintly preserved, it is difficult to make comparisons
with other organisms, living or fossil. The nearest
possible comparatives are the impressions reported from
the late Precambrian Conception Group of Mistaken
Point, Newfoundland by Anderson and Misra (1968),
Misra (1969) and Anderson (1978). These are unnamed
and no detailed descriptions have yet been published
so that meaningful comparisons cannot be made.
However, Jenkins (1985, fig. 6) provided a sketch of
Bradgatia linfordensis and noted similarities to Rangea
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schneiderhohni. He suggested that the latter had several
fronds arising Charnia-fashion from a single holdfast
(Jenkins, 1985, fig. 5). We visualize Bradgatia as
probably nektonic rather than sessile, so the similarity
may be more in the style of preservation than in the
original biology. Form C may represent a colony
preserved at maturity in the act of reproductive
budding. Within the top left is a small ovoid disc which
may or may not be related to the frondose colony. At
the bottom right of the holotype is a small Charnia frond
about 15 mm long, which may represent a juvenile
either of an isolate frond or newly budded off the colony.

As described above, the fossil impressions give a hint
of a budding mode of reproduction, which may of
course alternate with a sexual mode. The frondose
organisms Charnia and Charniodiscus may be mature
buds from colonies, but without further evidence they
are best left as distinct taxa.

Following Glaessner (1984) and Runnegar and
Fedonkin (1992), Bradgatia linfordensis is regarded as
a member of the Phylum Petalonamae (Pflug, 1972) at
this stage, though future research may require re-
assignment.

Phylum Cnidaria
?Class Cyclozoa Fedonkin 1983
Family Cyclomedusidae Gureev 1987

Genus Jvesia nov.

Diagnosis: a circular disc of medusoid type with the
central area marked by prominent, irregular lobate
structures, perhaps with radial arrangement (Figs 12,
13).

Tvesia lobata sp. nov.

Diagnosis: as for genus.

Etymology: after Ives Head and the lobate structures.

Horizon: Lub Cloud Greywacke Member, Ives Head
Formation, Blackbrook Group, Charnian Supergroup.

Type locality: holotype in situ on Ivea Head, Shepshed,
Charnwood Forest, Leicestershire (SK 477 170). Casts
in Leicester University Geology Dept. Collections
accession no. 115577, and in Leicestershire Museums
Geology Collections accession no. G32/1994.

Description: the holotype is a circular disc 150 mm in
diameter with a slightly wavy margin, which is
preserved as a slightly irregular convex ridge (Fig. 12).
The upper margin is less well-defined and appears to
expand into a lobate protuberance. In the centre of the
disc is a series of irregular lobes with a coiled, possibly
weakly radiate, arrangement; one of the lobes extends
to the left margin. Very faint markings around the disc
may tentatively be interpreted as traces of fronds or
tentacles arising from the central lobes.

Discussion: this fossil was described but not figured
by Boynton (1978). After opinions from various expert
visitors, it is herein considered to be a new form of
medusoid. Preservation in rather coarse-grained
sediment obscures all fine detail. A broad but tentative
comparison may be made with the dubiofossil
Protoniobia (Sprigg, 1949; see also Wade, 1972). A cast
of another specimen at the same locality is in
Leicestershire Museums Geology collection (accession
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no. G33/1994) (Fig. 13). These fossils are at a much
lower stratigraphical horizon than most of the other
Charnian fossils.

Although medusoids were referred to problematical
Coelenterata by Glaessner (1979, 1984), Ivesia lobata
and the other fossils described below are here placed
within the Phylum Cnidaria.

Genus Cyclomedusa Sprigg 1947

Cyclomedusa cliffi sp. nov.

Diagnosis: ovoid medusoid impression characterized by
a raised oval central boss and an irregularly crenulated
margin (Fig. 14).

Etymology: after Cliffe Hill quarry, Markfield,
Leicestershire.

Horizon: Hallgate Member, Bradgate Formation,
Maplewell Group, Charnian.

Locality: Cliffe Hill Quarry, Markfield, Leicestershire.

Holotype: Leicestershire Museums accession no.
G730.1993.

Description: a poorly preserved incomplete ovoid disc
150 x 120 mm (the latter estimated from the broken
block) with a slightly undulating margin. Within this
is a flat area 20 mm in diameter surrounding a slightly
depressed area 20 mm wide. In the centre is a raised
convex boss estimated at 30 x 22 mm.

Discussion: this species differs from other
cyclomedusids in its greater ovality, strong ovoid boss
and irregular margin. It resembles the form Tirasiana
disciformis Palij, named in an abstract by Palij (1976)
and more formally described by Bekker (1985).

Another specimen in a private collection measures 160
x 100 mmy; it has a slightly raised and more crenulate
margin, and two concentric flat areas separated by raised
rings; each flat area is about 30 to 40 mm wide (Fig.
15). In the centre is a slightly raised boss 50 x 30 mm.

Class and Family Uncertain.

Genus Shepshedia nov.

Diagnosis: an ovoid impression with a palmate
arrangement of three broad branches arising from a
short stem (Fig. 16).

Shepshedia palmata sp. nov.

Diagnosis: as for genus.

Etymology: from the nearby town of Shepshed,
Leicestershire, and the palmate style of the impression.

Horizon: Lub Cloud Greywacke Member, Ives Head
Formation, Blackbrook Group, Charnian.

Type locality: holotype i situ on Ives Head, Shepshed,
Charnwood Forest, Leicestershire (SK 477 170) (Fig.
16). Casts in Leicester University Geology Dept.
Collections accession no. 115573, and in Leicestershire
Museums Geology Collection accession no. G34/1994.

Description: the palmate impression measures 120 x
80 mm and consists of three main branches which
dichotomise towards the margin yielding 11
terminations about 1 mm wide. There is a gap at the
margin which suggests the former presence of a stem.

Discussion: the poor preservation in rather coarse-
grained sediment precludes further description of this
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organism, which was originally described as a
dubiofossil (Boynton, 1978). However, five other similar
impressions have been found on the same bedding plane
and no sedimentologist visiting the site has offered an
inorganic explanation for them. Shepshedia palmata has
some superficial similarity to the unnamed bush-like
form noted in Newfoundland by Anderson and Conway
Morris (1982, pl. 1, fig. 4). A cast of another specimen
is in Leicestershire Museums Geology collections
accession no. G35/1994.

Genus Blackbrookia nov.

Diagnosis: approximately square impressions of general
medusoid character, possibly occurring as a pair, each
with a raised rim (Fig. 17).

Blackbrookia oaksi sp. nov.
Diagnosis: as for genus.

Etymology: From the adjacent valley of the Blackbrook
stream and reservoir, and the parish church of Oaks-
in-Charnwood therein.

Horizon: Lub Cloud Greywacke Member, Ives Head
Formation, Blackbrook Group, Charnian.

Type locality: holotype in situ on Ives Head, Shepshed,
Charnwood Forest, Leicestershire (SK 477 170) (Fig.
17). Casts in Leicester University Geology Dept.
Collections accession no. 115576, and in Leicestershire
Museums Geology collection accessions no. G36/1994.

Description: the single impression consists of two
subquadrangular impressions lying side by side with
traces of a third alongside; each of the two measures
160 mm in diameter. The margin of the impression is
an irregularly raised ridge up to 5 mm wide. Within
this are very irregular lobate ridges comparable with
those in Ivesia lobata.

Discussion: whether the two squares are part of the same
organism is not clear in the coarse-grained sediment,
but faint markings suggest that they may be linked, and
there are traces of a stem and branches projecting to
the left. The single impression was figured by Boynton
(1978, pl. 22, fig. 2) as a dubiofossil but it is now
regarded as a new genus probably of medusoid nature.
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Patterned Ground in the Lower Trent Valley
near Brough, between Newark and Lincoln

A. J. Howard

Abstract: Patterned ground is identified from aerial photographs of the terrace surface of the
Balderton Sand and Gravel between Newark and Lincoln. It is interpreted to represent the surface
expression of a network of ice wedge pseudomorphs, which are related to others exposed in quarry
sections of the Balderton Sand and Gravel in the area. The ages of these pseudomorphs are reviewed
and it is concluded that those giving rise to the patterned ground were developed and casted during
the Devensian Stage, probably relating to the late Devensian Dimlington Stadial.

The area between Newark and Lincoln is notable
for a sequence of sand and gravel deposits that
indicate a complex history of drainage evolution
during the Pleistocene (Fig. 1; Table 1). An
assessment of archaeological cropmark features
adjacent to the A46 Fosse Way and around the
Scheduled Ancient Monument of Brough Roman
‘small town’ (SK 836 584), undertaken in response to
Department of Transport plans to upgrade the route
to dual-carriageway, involved inspection of 1:10 000
scale aerial photographs which revealed examples of
patterned ground. Although periglacial features are
frequently mentioned in published work on drift
deposits of the Trent Valley, few examples of the surface
expression of these features have been documented
(e. g. Straw, 1979, fig. 3.8).

STAGE DEPOSIT

Flandrian Alluvium

Devensian Floodplain Sand and Gravel

Ipswichian Scarle Sand and Gravel
Fulbeck Sand and Gravel

Wolstonian Balderton Sand and Gravel

Wolstonian or Anglian | Eagle Moor Sand and Gravel

Table 1. Revised chronology of fluvial and fluvio-glacial sand
and gravel deposits between Newark and Lincoln (after Brandon
and Sumbler, 1988, 1991).

a

Lincoln
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Fig. 1a. Distribution of fluvial deposits betwen Newark and Lincoln (based on BGS 1:50 000 sheets 113, 114, 126, 127, with amendments
by Brandon and Sumbler, 1988, 1991). 1b. Distribution of patterned ground and archaeological cropmark features. Site numbers
are those of Knight and Kinsley (1991). Dashed lines indicate limits of superficial deposits.
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Fig. 2. Aerial view of patterned ground looking south-west along the A46 Fosse Way. Reproduced by kind permission of Cambridge
University Committee for Aerial Photography, CJO 26.
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Description and interpretation

Patterned ground has been found at two localities on
the terrace surface of the Balderton Sand and Gravel,
which crops out in a sinuous tract between Newark and
Lincoln (Fig. 1a). In total, the patterning covers an area
of c.0.6km’ and takes the form of semi-regular
polygonal structures, on average 8-10m in diameter
(Fig. 1b; Fig. 2). At one site, the patterning is truncated
by archaeological cropmark features (Site 4, in Knight
and Kinsley, 1991) dating from the Iron Age to
Romano-British period (700BC-450AD). The patterned
ground is similar to active (e. g. Harry and Godzik,
1988, fig. 7) and relict (e. g. Svensson, 1988, fig. 15)
periglacial features recorded in high latitudes. They are,
therefore, interpreted as the surface expression of a
network of ice wedge pseudomorphs, formed by the
development of perennially frozen ground during a
former cold period (Washburn, 1979).

Quarry exposures of Balderton Sand and Gravel have,
to date, revealed two generations of ice wedge
pseudomorph development (Brandon and Sumbler,
1991; Howard, 1992). The first comprises
syndepositional ice wedge pseudomorphs. These occur
approximately in the middle part of the sand and gravel
sequence and are erosionally truncated by an
intraformational unconformity. Typically, these features
penetrate vertically downward for c¢.2m, are c.1.5m
wide and infilled by sand and gravel. They probably
form polygons 5-10m in diameter. The second
generation is represented by large, epigenetic ice wedge
pseudomorphs, probably forming polygons of 70-100m
diameter. These developed from the base of a former
active layer (i. e. the layer of ground above the perma-
frost which thaws in the summer and refreezes in the
winter) c.0.5-1m thick and penetrated c¢.3-5m through
the sequence of sand and gravel. The casts are 2-3m
wide with infills of geliflucted clay (probably derived
from the surrounding lower Jurassic rocks) and sands
(Howard, 1992). Brandon and Sumbler (1991) stated that
infills also include reddened Whisby Sand, interpreted
as a fluvio-aeolian deposit comprising reworked material
from the upper levels of the Balderton Sand and Gravel.
The red colour or ‘rubification’ is thought to be primary
(Brandon and Sumbler, 1991).

The patterned ground features described from the
aerial photographs have never been recorded in the
quarry sections despite regular inspections of working
quarries in the Balderton Sand and Gravel over the last
eight years (A. Brandon, personal communication,
1994). Their stratigraphic position is similar to the large
epigenetic ice wedge pseudomorphs. It is likely that
the features recorded on the aerial photographs are
coeval with the large ice wedge structures, but represent
locally smaller sized polygons. Alternatively, but less
likely, they could have developed locally during a
different cold phase and, by chance, not have been
exposed to date by quarrying. It is possible that the
features represent the surface expression of the
syndepositional casts exhumed by erosion of the upper
part of the deposit, although this seems unlikely since
no evidence of erosion of the upper sequence has yet
been recorded within the quarried exposures.
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Age

The Balderton Sand and Gravel has recently been
interpreted as a braided river deposit, aggraded during
a post-Hoxnian to pre-Ipswichian cold stage
(‘Wolstonian’), most probably Oxygen Isotope Stage
6 (Brandon and Sumbler, 1991), although an earlier date
within the “Wolstonian’ complex is possible (Howard,
1992). Hence the syndepositional ice wedge
pseudomorphs must have formed during this complex
stage. Analogous structures recorded at Stanton
Harcourt, Oxfordshire (Seddon and Holyoak, 1985; but
see Worsley, 1987, for discussion) and Marsworth,
Buckinghamshire (Green ez al., 1984), within sediments
assigned to a post-Hoxnian to pre-Ipswichian cold
period, indicate the existence of intense permafrost
conditions at this time (Worsley, 1987).

The upper levels of the Balderton Sand and Gravel
include ‘cover deposits’ which, in particular the Whisby
Sand, have probably been affected by pedogenesis
(J. Rose, personal communication, quoted in Brandon
and Sumbler, 1991). This alteration has been ascribed
to the Ipswichian interglacial, primarily on the basis
of red colouration (Brandon and Sumbler, 1991). The
large epigenetic ice wedge pseudomorphs include infills
of Whisby Sand (Brandon and Sumbler, 1991) which,
together with their stratigraphic position, suggests that
they were formed during a post-Ipswichian cold stage,
i. e. the Devensian. Although the size of ice wedges
cannot be directly related to the timescale of
development (Mackay, 1988), the large scale of these
features perhaps suggests a prolonged period of
permafrost development, possibly indicating growth and
casting during the late Devensian Dimlington Stadial,
although an earlier Devensian date cannot be ruled out.
No ice wedge pseudomorphs have been noted in the
Floodplain Sand and Gravel north of Newark, but
probable late Devensian examples have been noted in
equivalent deposits at Hoveringham, east of Nottingham
(A. Brandon, personal communication) and at
Hemington, south-west of Long Eaton (C. Salisbury,
personal communication).

Conclusion

This brief account has re-affirmed earlier accounts of
Brandon and Sumbler (1991) and Howard (1992) that
the periglacial features of the Newark to Lincoln area
have a complex history of formation suggesting several
phases of permafrost development. The patterned
ground described from aerial photographs represents
the surface expression of ice wedge pseudomorphs
which were probably developed during the Devensian
Stage, most likely the Dimlington Stadial. It is to be
hoped that future topsoil stripping of the area where
the patterned ground is developed (e. g. during road
construction) will allow the infills of the pseudomorphs
to be studied.
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Industrial Minerals Unit, Department of
Geology, Leicester University

The Industrial Minerals Unit forms a significant part
of the Applied Geology Group within the Geology
Department of Leicester University. It is devoted to
the study of mainly non-metallic industrial rocks and
minerals, from their geological occurrence through to
their evaluation, processing and industrial performance.
The aim is to utilise the best basic science to increase
wealth generation. The group was first formed in Hull
in 1977 to teach an MSc. course in Industrial
Mineralogy, which moved to Leicester in 1989, along
with the core staff. The MSc. is now renamed
“Industrial Rocks and Minerals’’ and complements
the more metalliferous bias of the long-standing
Mineral Exploration MSc. also offered in the
department.

The MSc. course covers the geology, mineralogy,
industrial applications, assessment techniques and
deposit evaluation of this vital class of commodities and
attracts between seven and 15 UK and overseas
graduates annually. As with many other such courses
there are only limited funds for supporting UK
graduates and selection is competitive. Overseas
students come from as far afield as Pakistan, Malaysia,
Saudi Arabia, Germany, Nigeria, Malawi and Malta,
often bringing a wealth of experience from mature
graduates who have been employed by companies or
national geological surveys for some time. There is an

ongoing link with Lahore University in Pakistan which
will include aid in setting up their own industrial
minerals laboratories. Parts of the course are also
frequently used as research training for a wide range
of petrologically based PhD. projects.

The unit maintains strong links with industry through
its past graduates now in post, by obtaining contracts
for analyses and through consultancy work. The MSc.
student projects also play an important role, usually
being undertaken in conjunction with a company
investigating specific raw material related problems.
Recent projects have been undertaken with Tarmac,
Redlands, CAMAS, and Longcliffe, providing
invaluable experience for the student and worthwhile
data and solutions for the companies.

PhD. Research

The unit also supports a large group of PhD. students,
with on-going research into a wide range of subjects
including perlite, zeolite, aggregates, nepheline syenite,
pillared clays, smectite-illite interlayered clays,
bauxites and gemstones. The unit was particularly
pleased this year to be approached by CAMAS
aggregates with a NERC CASE studentship to study
the controls exercised by the basal Triassic
unconformity south of Leicester on aggregate
availability and performance.

Other research by staff and associates includes fluorite
mineralization, alkali silica reactivity in concrete,
aggregates, building stones, archaeological mineralogy,
clay mineralogy and sedimentary geochemistry.
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Fig 1. Phase transformation during brick manufacture (reproduced by permission of the Yorkshire Geological Society).

MERCIAN GEOLOGIST 1995 13 (4)

187



REPORT

1200
Brick from workshop in Newark

W~3CO0() <®= 1 X

1200

w~3c0() <®- X

Brick to which the ransom demands were attached

)

5 15 25 35
Degrees 2 Theta

45 55
Fig 2. X-ray diffraction traces from
the Sams murder investigation.

Gemstones

A new departure for the group is the development of
teaching and research in coloured gemstones. Our
analytical facilities and research methods complement
those used by gemmologists and we are discussing with
the Gemmological Association in London a route
towards awarding specially prepared part time students
an M.Sc in Industrial Mineralogy (Gemmology). Our
current research in this area centres on the problems
of defining the provenance of rough or cut corundum
gemstones (sapphires and rubies). Rarity value,
especially for top quality gems, is related to locality and
stones are frequently fraudulently passed off as having
specific origins. They may also have been treated to
improve clarity and colour and we may be able to make
the identification of such specimens easier.

Energy efficiency

The unit can also claim its green credentials through
work sponsored by MIRO (the Mineral Industries
Research Organisation), with the collaboration of the
Government Energy Efficiency Office and the brick
industry. Sampling and analysis of all the main raw
materials used in brick manufacture has been
undertaken to document their mineralogical and
chemical compositions. All the materials were then fired
over a series of different temperatures and for different
durations to allow a Time-Temperature-Transformation
(TTT) plot to be constructed. This identified the new
mineral phases formed during the firing process (Fig. 1)
and their stability fields, revealing that in many cases
bricks could be fired to the same mineralogical
compositions and physical properties at a slightly higher
temperature but for a much skorter time than is currently
used. The consequences for fuel economy are of
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considerable interest to both the brick manufacturers
and the energy authorities.

Forensic mineralogy

The unit made local and national press headlines in 1993
with its work on the Julie Dart murder case. During
the kidnap and subsequent murder of Julie Dart the
murderer, Sams, left notes taunting the police, weighed
down by bricks. As a result of the brick project
described above, the unit at Leicester had a database
of UK brick composition and mineralogy with which
these bricks could be compared. It fortunately
transpired that the bricks used by Sams were of a very
rare kind and, through collaboration with the technical
staff at Steetley, it was possible to identify the source
of the raw materials (right down to the individual
quarry!) and provide details of the geographical area
into which they were sold. When Sams was eventually
arrested for the abduction of Stephanie Slater a stock
of the same bricks was found at his workshop and these
linked him to the Julie Dart case (Fig. 2).

Since that time the unit has continued to ‘‘help the
police with their enquiries’’ in connection with other
murders and armed robberies. Mr. A. Smith, for
example, has analysed several mud samples from boots
worn by suspects using XRD methods and, with the
aid of a palynological expert, helped to locate the
remains of two murder victims near Rutland Water last
year.

Kip Jeffrey
Department of Geology
The University
Leicester

LE1 7RH
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EXCURSION

Precambrian and Lower Cambrian rocks of the
Nuneaton Inlier: A Field Excursion to Boon’s
and Hartshill Quarries

Leader: J. N. Carney, British Geological Survey,
Keyworth, Nottinghamshire.

Sunday, 25th October, 1992

The purpose of this field excursion was to examine the
rock sequences exposed within the core of the Nuneaton
Inlier, an elongate structural belt formed by tectonic
uplift along the north-eastern margin of the
Warwickshire Coalfield (Fig. 1). The field party first
visited Boon’s Quarry, to view Precambrian
(‘Neoproterozoic III’) rocks of the Caldecote Volcanic
Formation and the Lower Cambrian Hartshill
Sandstone Formation, and to focus in particular on the
erosional and angular unconformity that separates the
two rock sequences. In the adjacent Hartshill Quarry,
the traverse was continued through an extensive and
unbroken section of strata which shows the evolution
of sedimentation within the Hartshill Sandstone
Formation. The locations of these quarries and their
geological setting within the Nuneaton Inlier are shown
in Figure 1.

Research into the geology of the Inlier was pioneered
by Lapworth (1882, 1898) at a time when new quarry
sections were being opened. Recent investigations,
utilising geochemical comparisons, have confirmed that
the Caldecote Formation is a component of the Charnian
Supergroup (Carney and Pharaoh, 1993), whose type
area is in the Charnwood Forest some 23km farther to
the north-east (Moseley and Ford, 1985). The Charnian
rocks in turn are part of a major crustal basement entity,
termed the ‘Charnwood Terrane’ by Pharaoh et al.
(1987), which is present at depth throughout much of
the English Midlands. The sequence of events within
the Charnwood Terrane, as demonstrated by the
Nuneaton exposures, commenced with the phase of
volcanic activity which formed the Caldecote
Formation. This was then intruded by diorites, dated
at 603 Ma (Tucker and Pharaoh, 1991), and
subsequently folded and mildly metamorphosed. By
latest Precambrian and earliest Cambrian times the
Charnwood Terrane bordered the western margin of
the Gondwana supercontinent, forming part of the
province of Avalonia (McKerrow ez al., 1992). A period
of erosion and weathering of this landmass occurred
prior to inundation by the waters of the advancing
Iapetus Ocean. This marine transgression resulted in
deposition of the Lower Cambrian Hartshill Sandstone
Formation (Brasier ez al., 1978), which is 260m thick.
A continuation of marine conditions is represented by
the overlying mudstones of the Stockingford Shale
Group, of Lower Cambrian to Lower Ordovician
(Tremadoc) age (Taylor and Rushton, 1971).

1. Boon’s Quarry (SP3299 9467)

Formerly called Man-Abell’s Quarry, Boon’s is a
disused roadstone quarry that is partly backfilled by
the waste from nearby opencast coal workings. It is
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currently owned by ARC Central and managed from
their office at Judkins’ Quarry, Nuneaton. The localities
visited, numbered in Figure 2, are part of a Site of
Special Scientific Interest (SSSI) designated by English
Nature.

Locality 1 exposes a well-bedded volcaniclastic
succession, and is the type section for the Caldecote
Volcanic Formation (Bridge et al., in press). This
formation probably accumulated in seas marginal to
active volcanoes (Carney and Pharaoh, 1993), and is a
markedly bimodal volcano-sedimentary association. The
principal component is massive crystal-lapilli tuff, which
represents the proximal deposits of powerful pyroclastic
eruptions. Subordinate interbeds, collectively referred
to as the ‘tuffaceous siltstone facies grouping’, represent
a more distal facies accumulated at some distance from
the vents, or at times of relatively subdued volcanism
(Fig. 3).

At Locality 1, beds of the tuffaceous siltstone facies
grouping form a series of upwards-coarsening cycles (A
to E in Fig. 3) overlain by massive crystal-lapilli tuff
(Bed 11 in Fig. 3). Tuffaceous mudstone forms the basal
bed of most upwards-coarsening cycles. It is apparently
structureless at outcrop, but polished slabs commonly
show an intensely convoluted silty lamination.
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