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Volume 75 1981 

THE CRAFT OF THE GOLDSMITH 

Presidential Address by Ivan Tarratt 

My title is "THE CRAFT OF THE GOLDSMITH" but it•s about 
silver not gold1 This craft is a great National Heritage. For 
centuries the master has taught his apprentice the skills, the 
mysteries and that intangible thing the 'know hov' of hOW' to 
make beautiful things in silver, Today we have a group of 
craftsmen in this country, small admittedly, but unsurpassed, 
In addition, we have a system of marking our silver going back 
continuously over 600 years, unequalled anywhere in the world. 

First, a word about the metal itself - it's not only a 
lovely soft colour but it has some remarkable properties. It•s 
very malleable, with the right tools and skill it can be beaten 
into wonderful shapes and forms, It is so ductile that it can 
be drawn into wire as fine as thread. It readily and easily 
takes on a high polish and finish. Lastly, it•s a clean metal. 
Although in an unfavourable atmosphere it will oxidise or 
tarnish, it does not corrode or rust away or even, if looked 
after, deteriorate with age. 

Because it is too soft in its pure state to make into 
useful and serviceable pieces, a small amount of copper has 
long been added to give the need~d extra toughness and strength, 
The two metals have an affinity, and fairly large amounts of 
copper can be added without altering the lovely grey-white 
colour of the silver, 

We had our first Consumer Protection Laws in 1300 when we 
had our first Hall Marking Laws to prevent too much of the base 
metal being added, They laid down that the atraunt of copper 
must not exceed .075 parts and there must be ,925 parts pure 
silver. The Worshipful Company of Goldsmiths in 1327 was given 
the job of making an Assay - testing in other words - all silver 
articles for their purity and marking them before they could be 
sold. The Assay and Marking was at the beginning done in 
Goldsmiths Hall and still is today - so the mark is known as 
the Hall Mark. Today silver is assayed and marked in Birmingham, 
Sheffield and Edinburgh as well as London, each with a 
distinctive Town Mark. It is worth looking up Hall Marks to 
identify the origin of your silver spoons and teapots to see 
what treasures you possess - it can be quite fun, 

A Sweetmeat Box made in 1651 shows four Punch Marks - from 
left to right - the initials of the maker A.F. - next to a 
Leopard$ Head with a Crown on top, The crown was in fact not 
continued after 1823. This is called the Town Mark and shows 
the Assay was made in London. Next - in Heraldic terms - a 
Lion Passant - denoting the silver is of the legal standard. 
Lastly a single letter of the alphabet, changed annually which 
gives the year the box was marked. 

The making of an article in silver can involve many people 
with different skills according to the complexity of the design. 
First, the Designer - he must have knowledge and training so 
that he knovs how his design can be made and what he can do with 
his material. sometimes he only designs and takes no part in 
the making - otherwise he may make some part. 
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Obviously after the designer we have the craftsman who 
hanmers and raises the shape. Then some decoration is needed. 
There are many ways to do this - again each a separate craft. 
The engraver who cuts the metal away, the saw piercer who cuts 
out pieces of the metal, the chaser who marks out the pattern 
with varying punches by knocking the metal in - the man who 
embosses and raises the pattern. These are but a few. Often 
decoration is applied - patterns·cut out or cast and hard
soldered to the pieces. Vine, acanthus, oak leaves, shells, 
lion masks and mounts in a twisted rib are special favourites. 
Lastly, the great skill of the polisher finishes the article. 

I want to tell you nov something about the things the 
Goldsmith makes and what they look like, 

Styles in architecture have always had a great influence on 
domestic things like silver. At one period, and still today 
sometimes if the architect is lucky enough, he would design both 
the fabric of the building and its contents. Goldsmiths Hall, 
built 1835, designed by Philip Hardwick, is an example of this. 
Hardwick designed the building, the chairs, tables, carpets and 
chandeliers. The effect of a complete entity is beautiful. 

Nov an obvious period for me to take to tell you about 
styles would be to start at the Restoration,1660. It was a 
great period in architectural middle age. With Inigo Jones and 
Christopher Wren, the revival of the Palladium style in 1660 
saw the beginning of a wonderful period in design that was to 
last for 150 years. Great names appear during these years -
Nash, Chippendale, Wedgwood, Adam and a score of other talented 
and great men. 

The Restoration sav the end of the Commonwealth period, 
11 years of great austerity for the Goldsmith. So many of his 
customers had fled with the Court to the Continent, particularly 
France and the NetherlandS. 

In France at Versailles the monarch Louis XIV had his CourtJ 
wealthy and extravagant, he was a great patron of the .Arts. To 
Versailles came artists and craftsmen from all over Europe - it 
became a great centre of culture and that made a most profound 
impression on many of the English temporarily living in the 
country. 

When they began to return home with Charles II they needed 
to repair and restore their great houses and treasures. The 
demand for silver grew rapidly and the scope and range was 
extended because all sorts of exciting things were coming into 
the country. such as spices from the east, tea, coffee and 
later chocolate. 

These great luxuries needed new and costly vessels to hold 
them. The Goldsmiths'custorrers had in many cases, however, 
changed. Many no longer wanted the plain simple English styles, 
but decoration in all sorts of forms, baroque and rococco in 
particular,on their silver. 

Not everybody, however, wanted these new flamboyant French 
patterns but preferred, fortunately I think. the more simple 
and plainer style, and so the two styles - plain and highly 
decorative - prevailed side by side for the next hundred years. 
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I have already told you the orders for Silver were 
tremendous. The King himself had a silver bed made for Nell 
Gwynne, long since melted down. It must have been a big bed 
for such a big lady. 

The Goldsmith began to run out of his raw material and 
resorted to melting down the coin of the realm - same standard 
of purity as domestic silver - to get enough metal. This 
created a shortage of coinage so in 1697 the standard for 
domestic silver was raised to .958 parts pure and the figure 
of Britannia substituted in the Hall Hark for the Lion. This 
higher standard is still on the Statute Book but the lower 
standard was restored for general use in 1720. 

Now during this Restoration Period something else happened -
there began on the Continent a religious persecution against 
the Protestants and they began to come over here to England. 
They were called the Hugenots and among them were many skilled 
Goldsmiths. They didn"t at first, as you would expect, get a 
very good reception but with such a boom in trade they were 
pretty well integrated by the end of the 18th Century - and 
became quickly a great asset to the craft. 

Among them was the Courtauld family from the Netherlands, 
with their illustrious son Augustine. They set up shop in 
Cornhill and later Augustine was commissioned by Queen Anne to 
make a silver table for the Czar of Russia. It weighed about 
a ton and is still to be seen in the Hermitage Gallery in 
Leningrad. It was a long time ago that I saw it but it was 
then on the first floor on the left going up the great stair
case. Courtaulds later became silk mercers. 

A Hugenot, however, I nrust mention particularly is Paul 
de LarnerieJ he arrived here as a boy with his parents from 
Holland in 1685. At the age of 15 he was apprenticed to another 
Hugenot, Pierre Pallett from Lille, and trained in his workShop 
in Pall Mall. His parents on either side came from French 
Aristocratic families. Young de Lamerie came out of his 
apprenticeship in 7 years. He registered his mark L.A. with 
a crown on top at Goldsmiths Hall and started on his own account 
in 1712 in Windmill Street. He was to become the greatest ever 
English Goldsmith. 

Much of his work was very decorative - flamboyant beyond 
measure. As a craftsman, however, he was unbelievable. Knowing 
Windmill Street today - a tatty grubby lane full of dirty 
bookshops and cinemas, it seems unbelievable that here 250 years 
ago were produced some of the greatest treasures we have. 

He died in 1751 - he had been a Warden of the Goldsmiths 
Company for three years and, had he lived another fev months, 
would have become Prime Warden. 

Abouth 1760 a young man, Rol)ert Adam, trained as an 
architect by hie father in Edinburgh, came on the scene. He had 
done the Grand Tour of Europe and spent most of his time, four 
years in fact, in Rome. He brought a new Neo-Classical style to 
architecture, interior decorating, furniture and silver. You 
are all familiar with the simple oval shapes decorated with 
laurel wreaths, urns, helmets and festoons, etc. This new and 
beautiful style quickly swept London. 
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At the t>eginning of this thirty-year Adam Period a Gold
smith named John Bateman died in 1760. He had a family business 
with his sons and son-in-law in Bunhill Row. He had always made 
only for the Trade vho usually sold what they bought as their 
own make. The business passed to his widow - Hester. She was 
illiterate and there is rruch doubt as to whether she had any 
ability as a craftsman. However,.she was a strong determined 
woman with wonderful taste. She registered the business in her 
ovn name using as her mark H.B. in cyphers. She started selling 
direct to the public and cashed in at once on the Adam style. 
oval shapes were her favourite and decoration added usually by 
engraving using a tool that cut and burnished, leaving a bright 
mark and known as bright cut. She made large numbers of sinaller 
articles, spoons, dishes, small trays and teapots. For this 
reason Hester Bateman silver has become attractive and popular 
with collectors. She used a light gauge of silver to help keep 
down the price. Her success was remarkable. When she retired 
in 1790 the family continued the business. 

I would be failing badly if I didn't refer to one great 
period that came at the end ot this momentous century - the 
Regency Period. In some respects like Louis XIV and one 
hundred years before in France, the Prince Regent had a 
tremendous devotion to the Arts and vas unbelievably extravagant. 
We have him to thank for the finding of one of our very great 
Goldsmiths, Paul Storr. He worked vith the Crown Goldsmiths 
Bridge & Rundell who had very big orders from the Prince Regent. 
It was another age of classical revival following the demise 
of the Adam Period in 1790. The demand for more florid 
embossed silver was so great that regrettably many beautiful 
plain pieces made earlier in the century had embossing added, 
which, of course, completely ruined the piece,whatever it vas. 

Paul Storr, registered initials P.S,, ia popular with 
collectors. Much he made I personally like very much but bis 
more elaborate designs I don't like. He remains a great and 
important Goldsmith whO eventually opened his own shop in 
Old Bond Street with a new partner called Mortimer. 

The Victorian period I am leaving tonight as there is no 
time for a very complicated 70 years of design. 

It was for the Goldsmith a machine age. Much of what was 
made was bad using light gauges of silver - filling with pitch 
and weighting by loading with lead. Much of Victorian 
architecture is not my taste but at least it was well constructed. 

Now for some example~ of.the silversmith's art. 

The Bowes cup of 1554 is a typical example of what could be 
called Ceremonial Silver (Plate 1). It is a Tudor Standing Salt 
made in the reign of Henry VIII. Salt was very scarce and a 
great luxury and a small amount :>f salt would be put in the cup. 
The salt would be on the High Table at a banquet - in front ot and 
to the right of whoever was presiding. 

Those sitting at the High Table, chosen for their rank and 
importance, would be said to be sitting above the salt. Those 

of lesser importance sitting at the adjoining table sprigs were 
below the salt. 
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Plate 1 The Bowes salt cup of 1554 
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Plate 2 A vine-cooler made for Lord Curzon by 
Ralph Leake in 1698 

(Photographs copyright of the Worshipful Company of Goldsmiths) 

.. ... 



Plate 3 A dish made by Paul de Lamerie in 1741 
with the Arms of the Goldsmiths Company in the 
centre 
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A ceremonial cup and cover made to commemorate 
the Coronation of Queen Elizabeth II in 1953, 
designed by Professor R, Y, Goodden and made by 
Wakely and Wheeler Ltd, Engraved by T, c. F, Wise •. 
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Notice how this piece is partly gilded - parcel gilt we call 
it, to contrast and add a decorative effect with the plain silver. 
Notice, too, hov the knop as it is called - the waist - obviously 
was taken from a Tudor architectural design. 

A huge Wine Cooler made for Lord curzon in 1698 very clearly 
shows hov the French and DQtch influence in design had arrived 
(Plate 2). The wide girdle has two patterns of leaf ornanent 
applied vertically. These would be cast from models and applied 
to the bowl with solder. The Lion Masks either end with rings 
remain even today handsome and decorative. The Cooler would be 
filled with ice and the bottles of white wine placed on the ice 
before being served. 

A huge dish made in 1741 is claimed to be one of de Lamerie•s 
masterpieces (Plate 3). Again made in Silver Gilt, the centre, 
the Arms of the Goldsmiths Company, is in high relief. The 
surrounding border shows nearly all the forms of decoration silver 
can take applied, engraved and embossed in rococco style. 

Like many large and fine pieces of early silver it has 
been fire gilt, called very often Gold Plate. This was done 
by making an amalgam of pure gold and mercury, applying this 
to the article and burning off the mercury. The gold that is 
left is almost permanent and will last for hundreds of years. 
It grows paler with age. Today this process is prohibited by 
law as the fumes from the rrercury affect the lungs of the 
craftsman. 

This piece is very elaborate and may not be to everyone• s 
taste, but it should be judged by the unbelievable quality of 
workmanship. De Lamerie did make plainer things, including 
two magnificent chandeliers now in the Kremlin and two in the 
Fishmongers Hall in London. 

A surprising reversion to classical style is in this 
lovely Ceremonial Cup and Cover designed in 1953 for the 
Coronation of our present Queen, and it was in fact used by 
her at a Guildhall Banquet after she was crowned (Plate 4), 

It was designed by Dr. Robert Goodden, then Head of the 
Departtrent of Silver and Metallurgy at the Royal College. 
Wonderful proportions and the ball-shaped fluted cup most 
cleverly and beautifully made. The last important fire-gilded 
article made. 

CONCLUSION 

Our Museum has arranged a collection of Antique Silver. 
One or two pieces I must mention, the oldest being a cup and 
cover called a Steeple CUp, made in 1613 and once part of the 
plate at Braunstone Parish Church. ~t disappeared from there 
many years ago but turned up in a sale at Sotherbys about 1960. 
With the aid of a grant from the Victoria and Albert Museum 
it was bought for Leicester Museum (cover picture). 

There is also a large Cup and Cover made in 1823 - I bought 
this at a Sotheby sale as it has a local connection - being 
engraved "Leicester Races 1823". It is not distinguished, a 
mix-up of styles, but the applied grape and vineleaf and 
acanthus leaf decoration is superb. The quality too of the 
fire-gilding is as good as new after 150 years. 
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In another showcase containing mainly porcelain is a fine 
silver Xettle and stand - ignore the damaged handle - what we 
call a bullet pattern (shape of a cannon ball). Thie is dated 
1756 and clearly shows the plain English Traditional shape 
that persisted. In the same showcase is a small bUt attractive 
Chocolate Pot made in 1702. This is the simple hexagonal 
unadorned pattern, like the Queen Anne Teaset. Inset in the 
lid is another tiny lid through Which an iron rod would be 
put to stir the chocolate which quickly forms a sediment. 

Well now, how do we stand today? The past has produced 
some wonderful patterns that in many ways I don•t think will 
ever be bettered. Since the last war the craft of the 
Goldsmith has had a great revival. We have produced a lot of 
contemporary silver- some very good indeed and sorne not so good. 
The theme generally has been for unadorned simple shapes -
following Scandinavian styles. 

As a relief to the stark sitrtplicity of many textured 
surfaces. contrasting with polished surfaces, have been 
developed with great success by a present day Coldsmith in 
particular, Gerald Benney, erstwhile student at Leicester 
College of Art - now head of the Department of Metallurgy at 
the Royal College. Benney has most probably made as big a 
contribution to the Craft since the war as ariyone. A collection 
of nine pieces of his form an attractive collection at our 
University. For security reasons only on show on special 
ceremonial occasions. 

Because of outside circumstances - political instability 
in some areas of the world - and because two Americans in 
Texas tried to make a corner and a killing in silver - the 
price of the raw material has rocketed, but since come down. 
This instability is not always good for business. All over 
the world the Goldsmith's craft faces great difficulties. 
My great concern is that we can keep our craftsmen employed 
and busy so that they do not drift into other skilled trades. 

In our Town Hall there is a collection of Modem Silver, 
our Civic P1ate, made since the last War. It is an important 
collection and in it are some very fine examples of what our 
Goldsmiths can do. It is my hope that one day it may be 
possible to shov this in sections in our Museum. 

The photos in Plates 1 to 4 are the copyright or the Worahipful 
Company of Goldsmiths and are reproduced with their permission. 
The cover photo la reproduced by Courtesy of Leicestershire Museum:4. 
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Transaction• of the Leicester Literary I Philosophical Society 

Volume 75 1981 

GEOGRAPHICAL DISTRIBUTION OF HOUSE MARTIN 
FLEAS JN LEICESTERSHIRE 

by Frank Clark and D.A.C.McNeil. 

The house martin (Dellchon urblca urblca (Linnaeus)) in Britain 1• a 
widespread breeding member of the Hirundinidae. Their neats are eonatructed 
of mud and, in Leicestershire, are usually aited under the eaves er ether 
suitable overhangs en buildings. Associated vith th••• nests are five 
species of flea, Ceratcph~llu.s hlrundlnls b1rund1n1s (CUrtisl, c. tarrenl 
farrenJ Rothschild, c.rust1cus Wagner, C. gallJnae (Schr.nk) and c. lr1nglllae 
(Walker). The first three ■pecies are mcnoxenous vith the house martin, 
whilst c. galllnae and C. fr1ng11lae have a wider range of passerine hosts 
and are usually introduced into martin nests by intruding house ■parrowa 
(Passer domestlcus LiMaeus) 

The occurrence of fleas associated with nests of house Dartina is vell 
documented (sea George 1975). However, in previous publications on flea■ 
of Leicestershire (Stansfield 1961 and Clark 1978) only c. gallJnae is 
mentioned and there ia no record of fleas from any house martin nest. 

In 1974 we initiated a ■tudy on the factors affecting the abundance 
of the three species of martin fleas. The detailed results of the physical 
factors are to be published elsewhere, thia paper summarizes the diatribution of 
these species in Leicestershire. 

MATERIALS AND ME'fflOOS 

Each nest was collected from its site and immediately sealed in a 
polythene bag. The nesting material was sorted for fleas by removing a 
little at a tima from the bag and gently rolling it between the fingers and 
thumb over a white tray. Fleas dropping from. this material into the tray 
were collected using a pooter. A ■mall vacuum pump was employed with the 
pooter and a face mask was worn to avoid inhalation of dust, feather scales and 
other irritant nest debris. 

The fleas were Jn1t1ally preserved Jn ?01 alcohol and, prior to 
identification, were de-■clerotized in KOR and cleared in clove oil (c.f.Smit 
1957) The nomenclature follows that of kloet and Hincks Cl976). The 
identity of the fleas was checked with Smit'• (op cit) keys and drawings. 

RESULTS. 

The results of the collections are listed in the appendix. 

In 1974 150 nests were collected, of which 13 were outside the county 
boundary and a further 20 contained no fleas, these are excluded from. the 
appendix. In 1975-1976 a further 2S nests were collected, 10 records are 
also listed that Vere recorded before 1974 and were obtained from unpublished 
records in Mr. R.S.George 1s reference: collection. All nests vere collected 
in the autumn except those indicated in the appendix. Figura 1 shows the 
distribution in tetrads of the nests collected, figures 2-6 show the distribution 
of fleas obtained from this collection. Regression analysis was attempted to 
relate the geographical position of the nest to the numbers of each species 
of flea found in it, but no significant correlation could be found. A similar 
analysis with hei9ht above ■ea level also failed to show any correlation. 
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D1SCUSS10N 

The Flea apecies concerned in this paper have• wide geographical 
distribution in this country (GeOrge 1975) being found in almost ■very 
location wh■re martin■ build their ne■ts on man-ma.de atructures. The 
result■ ve obtained conform to the national pattern. 

Neat■ collected from within Lelce■ t■r city boun~ary contained only a 
few c. h1rund1n1s and in one ca■e 1 c. galllnae, which represent■• 
considerably ama.ller and le■■ diver■• population than wa■ found in the 
rest of the county. Thi■ could not be te■tad. for statistical ■ignificanca, 
however, •• the ■ample frcm the city contained too fttW neat■• 

AC<NOWIZDGEMENT 

We would like to thank Mr. R.S .George for making hi■ record cards 
available to u■ and for encouraging u■ to publish thi■ data. 
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THE BENNETT LECTURES 

The lecture ■eriea waa founded in honour of F.W. Bennett 
(1862-1930) a founder and benefactor of the University 
of Leicester and a President of the Leicester Literary I 
Philosophical Society. 

THE GEOTHERMAL BUDGET OF THE ALPS 

Profeaaor E.R. Oxburgh 
(Professor of M1neral.o<Jy and Petrology, llniversity of Cmbridgel -

In a colllaion of continental plate■, auch as that between 
the African and European plates which took place in the 
Tertiary Era resulting in the fonnation of the Alpine Mountain 
range, it is poaaible to piece together the sequence of events 
which took place, and are still taking place, from a study of 
the ages of the rock■ involved, their atructural relationahipa, 
estimated conditiona of metamorphism and measurement■ of the 
amount of heat currently flowing towards the aurface of the 
Earth. 

The collision resulted in the formation of great over
folda and thrUst aheet■ of strata (nappes) which depressed 
underlying aegment■ of the crust to great depths. The 
aaaemblagea of mineral• produced by metamorphiem and the 
distribution of iaotopea between them provide data which 
can be interpreted in the light of high temperature and pressure 
experiment■ to outline constraints upon the depth to which 
■egment■ of the cruat were buried, the temperature they 
experienced at depth, and the time■ at which they cooled through 
various temperature■ whilat being uplifted back to the Earth'• 
surface. 

In short, the aim of ■uch etudie■ 1• to recon■truct the 
temperature-pressure-time path which t~e•e once deeply buried 
rock■ experienced during the Alpine orogeny. It appear■ that 
some 30 million year■ ago at the climax of the orogeny in the 
Miocene, the top of the pre-Alpine baaement rocks was depressed 
to a depth of between 16 and 29 kilometres and experienced a 
temperature of 55o~so0 c and a pressure of 7.5±2 kilobara. 
The uplift process which brought theae rock■ back to the aurface 
1• ■till continuing at a rate of uplift of about l mm per year, 
and this account■ for the present day elevation of marine 
sediments to over 4000 metres above ■ea level and the conaequent 
erosion into the mountain range we aee today. 

The heat flowing upwards through the crust can be measured 
and included in a physical model of the uplift process. 
Unfortunately the interpretation of heat-flow measurement■ 
1■ difficult because corrections must be applied which are 
comparable in magnititude to the meaaurementa themaelvea. Such 
corrections must take into account local topography, the rate 
of erosion, the thermal conductivity of the rocka thfflaelvea 
(often anisotropic) and the rate of uplift. The more reliable 
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measurements made in tunnels in the axial zone of the Eastern 
Alps range from 75 to 90mWm-2(milliwatts per square metre). 
As this axial zone is being uplifted more rapidly than the 
molasse sedimentary basin to the north, the heat-flow in 
this axial zone should be greater but measurements in oil 
wells in the molasse basin su9g~st heat-flow values almost 
certainly in excess of 100 mWm-. 

The only explanation wh1eh can be offered for this 
anomaly is the very slow deep circulation of groundwater. 
Movement of water through joints and fracture systems 
which have a permeability similar to clays, with a velocity. 
of about 1 mm per annum from the axial zone of the Eastern 
Alps northwards towards the molasse basin could account for 
the anomaly, but it will be extremely difficult to prove 
that water does move at such a slow rate through the rocks 
concerned. 

The above BUllll!lary of ProfeHor Oxburgh'a lecture is based on the 
abstract and conclusion ot the paper •neat l'lov and the Metamorphic 
Evolution of the Eastern Alps• by E.R. Oxburgh and. P.c. England, 
publi•hed in Eclogae Geologicae Belvetiae, volume 73, No. 2, pp. 379-398 1 
July 1980, and haa been prepared by the editor vith Profe•sor OXburgh'• 
perm.halon. 
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THE HIDDEN DEPTHS OF LEICESTERSHIRE 
Papers presented at a Geology Section symposium at Vaughan College 

With the increasing interest in concealed mineral resources, 
not leaat the Belvoir coalfield, and the continuing academic 
thirst for knowledge, the Symposium on •The Hidden Depths• 
held at Vaughan College, Leicester, on November 29th 1980, under 
the auspices of the Geology Section of the Leicester Literary and 
Philosophical Society, brought together the experts and allowed 
an exchange of ideas. The papers which follow this introduction 
present the results , some unfortunately in outline only as 
detail ■ remain confidential. 

THE CONCEALED GEOLOGY OF THE LEICESTERSlllRE AREA 

by Trevor o. Ford 

Abstract 

The late L.J.Wills 1 palaeo-geological mapa of' the pn-Permian, 
pre-Carboniferous and pre-Devonian rock■ of England and Wale■ provide 
a baai■ for ■peculation on what may lie concealed beneath the Triassic 
and Jura■■ic ■trata of Leice■ter■hire. A ■eatter of borehole■ have 
revealed igneous or metamorphic rock■ of Precambrian or Palaeozoic age 
1n ■everal place■, but it i• the Plungar oilfield and the Belvoir 
coalfield which indicate the po■albilitie1 for hidden mineral wealth. 
Precambrian and Cambrian rock■, with Caledoni.an intrusion■ underlie 
the vest, ■outhwest and central eastern part■ of the county, but there 
are hint■ of Carboniferou■ rock• in the ■outheaat. 

More than three-quarters of the County of Leicestershire 
has •young• Mesozoic strata, Triassic and Jurassic, outcropping 
at the surface, or masked by a veneer of glacial and alluvial 
deposits. Only in the northwestem sector do older rocks 
appear, the Precambrian of Chamwood Forest, the late Silurian 
Mount Sorrel granodiorite, the carboniferous Limestone inlier■ 
of Breedon Hill, Grace Oieu etc., and of course the Leicestershire 
and South Derbyshire coalfield. To the north lie much more 
extensive outcrops of Carboniferous rocks in Derbyshire, to 
the southwest are the Precambrian and Cambrian rocks of the 
NW1eaton area, which, together with a solitary outcrop of Devonian 
sandstones, lie only just over the County border. To the east 
and south progressively younger Mesozoic strata conceal the 
Precambrian and Palaeozoic rocks. 

The investigation of what lies hidden beneath the Triassic 
and Jurassic cover involves geological and geophysical methods. 
Geological knowledge is partly obtained from deep boreholes and 
partly from inferences projected into the sub-surface from 
observed stratigraphical relationships in exposed areas. 
Boreholes provide factual observations, though some of the older 
ones raise difficulties because of incomplete records taken at the 
time, or even of varying records produced by different experts! 
Ir,ferences can be made on the basi■ that an intrusive rock 
mass such as the Mount Sorrel granodiorite must have been emplaced 
in pre-existing rocks, even though most traces of these have 
subsequently been removed by erosion. Other inferences may be 
based on changes of lithofaciea, such as coarsening sediments 
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toward■ a contemporary coastline, or on changes of thickness, with 
preswned reduction to zero et the limit■ of the sedimentary baain. 
Geophysical techniques make use of ■ uch properties a■ the small 
change■ 1n gravity caused by 'anomalous' rock maaae■, in ,nagnetic 
intensities, and in refractive or reflective propertiea of the 
interface■ between rock masses. Theae can be interpreted in the 
light of knowledge gained el■ewhere, hopefully with confirmation 
provided by borehole■• 

Broadly,.Leicesterahire lies oft the northweat flank of the 
buried London land-mas■ (also known as the Mercian highland■ or 
St. Georges Land) and the cover of Mesozoic strata thin■ snarkedly 
towards the aoutheast, a■ shown by Donovan et al (1979) for the 
Lia■ and Kent (1968) for the Trias. Our concern ia, however, 
not with theae cover rock■, but with what lies below. Swnmarie■ of 
paat investigations have been provided by ~alcon a Kent (1960) and 
in Sylvester-Bradley a Ford (1968). Kent ( 1966,1967, 1968, 1975, 
1980) ha■ provided a nwnber of review■ of a more qeneral nature covering 
much of the northeaat and ea■tern England. Willa (19731 1978) ha■ 
published palaeo-geological maps, maps of how the geology would have 
looked at certain time■ in the past, and the preaent aeries of papers 
move toward■ an updating of Will■' researches. Obviously the further 
one goes back in geological time■ the less information there 1■, but 
as each new borehole ia drilled, or each new geophysical aurvey takes 
place, refineinent of the palaeo-geological map■ can take place. An 
attempt at a pre-Pennian map baaed on Willa (1973) ia included as 
Figure lr it 1■ in fact a pre-Triassic map a• no Parmian ha■ been 
proved south af Nottingham. · 

It 1■ convenient to ■ tart 1n the nort.h of the County where 
information 1 ■ most complete. Lying roughly beneath the Trent Valley 
1■ the Carboniferous Wldmerpool Gulf ( Falcon a Kent 1960), Howitt 1 
Brunstrom 19661 Kent 1966, 1967,1968). Beneath a cover of not more 
than 200-300 inatres of Trias are deltaic ■ands and ■hale■ of the Millstone 
grit re■ting on a thick ■uccesslon of Lower carboniferous turbidites, 
proved in the Duffield borehole north of Derby (Aitkenhead 1977) and 
at Wldmerpool it■elf. A aeries of boreholes at Hathern, Long Clawson, 
Ruddlngton, Langar, Plungar, and Col■ ton Basaett have ■erved to 
contlrm the geophy■ical determination or an eaat-ve■t trodgh with 
thick Carboniferous sediment■, flanked to north and south by much 
thinner sequence■• None of the borehole■ has yet penetrated the whole 
Carboniferous ■ucce■■ion, but it 1■ po■ aible that Old Red Sandatone 
lies beneath the carbonate■ and turbiditea in the bottom of the trough 
which 1• at least 3 km deep. The Gulf la closed to the ea■t and 
partly clo■ed to the we■t by a Derby-Melbourne Causeway with thinner 
Carboniferou■ sediments, proved but not penetrated in boreholes near 
Chellaston. Flanking the Widmerpool Gulf both to north and south 
are ■half carbonates, well expo■ed in the Peak District (with a 
marginal reef complex facing ■outhwards from Wirksworth) these are 
represented in the Carboniferous Limestone inlier■ of Breedon etc. 
with a ■horeline at Grace Dieu where the lime■tone appeared to be banked 
against Charnian (Kent 1968, p.80). In the west of the County the 
Carboniferous Limestone ha■ been proved, but not penetrated, in 
boreholes at Donnlngton Park, Melbourne, A■hby and Rotherwood. North 
of Desford, however, the full thicknesa of limestone was only 9 metres, 
and it seems that an irregular shoreline may trend roughly westwards 
towards Shropshire. 

ot 
at 

East of Charnwood Foreat the Hathern borehole■ proved 150 metres 
Carboniferous Limestone with 120 metres of anhydritlc mudatones 
the base, perhaps repre■enting a local sabkha phase at the initiation 
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of the Carboniferous marine transgression. Little is as yet known 
of the Carboniferous Limestone in the northeast of Leicestershire 
except in the Foston borehole northwest of Grantham 
but it would not be unreasonable to expect developments of reefs 
along both northern and southern margins of the Widmerpool Gulf, and 
these might well contain hydrocarbon accumulations. 

The Carboniferous Limestone was found in boreholes near Northampton 
(Eunson 1884) and George (1958) suggested that these might represent 
a south-trending gulf in the Midland land-mass, poseibly extending 
across it to the southern province. 

Above the Carboniferous Limestone is the Millstone Grits again 
it is known from scattered exposures and borehole■ in the northwest 
of the CoW'lty, aroW'ld the edge of the coalfield, and the beds thin 
markedly southwards in a similar fashion to the Carboniferous Limestone. 
In the Widrnerpool Gulf, however, boreholes and geophysical ■urveys 
have revealed that the Millstone Grit expands from about 100 metres 
thickness over the northern shelf to over 800m in the Gulf. The 
Hoton Hills borehole proved Millstone Grit below the Trias at 198m 
in the Gulf area, in an abortive coal exploration project based on 
Spink & strauss's (1965) hypothesia of a Loughborough coalfield. 
C.M.Jones' recent sedimentological study (1980) suggested that the 
Ashover Grit delta was fed from the east along the gulf rather than 
from the northeaat as previously thought. East Midland oil exploration 
(Falcon I Kent 1960) noted •good•, •variable• and •poor• sand 
conditions for oil accumulation in the upstream part of this delta · 
complex. The Millstone Grit borders the concealed Belvoir coalfield, 
though details are little known. At the Bathem borehole some 50 m 
of Namurian ahales were proved beneath the Trias and at Sproxton about 
80 m of sands and shalea rest on Precambrian tutts and slates. 

The discovery of the concealed coalfield beneath the Vale of 
Belvoir need hardly be recounted here. It ia effectively a aouth
eastward continuation Of the Nottinghamshire coalfield and lies 
astride the eastern section of the Widmerpool Gulf. A graphic 
section was shown on the Geological Survey map of Melton Mowbray_ Sheet 
142, (1975 edition). The limits of the coalfield are now well
known, and it lies in a depression beneath the Trias north of a 
buried granite at Melton Mowbray. P. Jones has outlined other 
investigations for buried coalfields elsewhere in this Transactions. 
Boreholes in south Warwickshireraiaed hopes for the discovery 
of concealed coal resources in the west of the County but they were 
dashed to the ground by boreholes at TWycross, Oadlington and Aston 
~lamville all passing from Trias into Cambrian. However, the 
extreme south of the county could possibly have concealed coal Measures. 
Allsop and Jonea'paper in this Transactions has, noted a gravity 
anomaly northeast of Rugby which has yet to be investigated by 
drilling. The old boreholes near ~ettering and Northampton which 
proved either Carboniferous Limestone (EW'lson 1884) or Precambrian 
beneath the Trias (Evans 1964; Poole et al 1968) do not rule out the 
possibility of buried Upper Carboniferous south of the Melton Mowbray 
granite, though the evidence is not strong. The aituation here 
could be similar to that in the Oxfordshire coalfield described by 
Dunham & Poole (1974). 

Cambrian sediment• are well-known at Nuneaton, resting on a 
Precambrian igneous complex apearently related to the Charnian 
volcanic&. Presumed Cambrian (Stockingford) shales were found 
beneath the Trias in boreholes near Market Bosworth, and again in the 
19th century Evington boreholes sunk in vain for coal on the 
easte~n side of the City of Leiceater where some 200-250 m of Trias 
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rested on fossiliferous Stockingford ■hales of Tremadocian age 
(uppermost Cambrian) (Richardson 1931). More recent borehole■ 
(noted by P. Jones in thi• Transactions) at Dadlington, Aston Flamville 
and Twycrosa, have al■o found Stockingtord shalea beneath the Trias, 
and another borehole at Leicester Forest East haa also found Cambrian 
mud.stones beneath the Trias (I.G.S.1979). Thermally metamorphosed 
slates, which were probably once Cambrian mudstone~ are known from 
the contacts of the diorite mass at Enderby and close to the 
granodiorite at Mount Sorrel. 

on the basis of the above findings it seems clear that a 
pre-Triassic map would have Cambrian outcropping over muc..~ of the 
western part of the county, wrapping round Charnwood Forest and 
extending eastwards beyond Evington. In several cases the 
Cambrian rock■ are known to contain igneous sill• of ndcrodioritic 
composition ■ im1lsr to those exposed at Nuneaton, and probably related 
to the exposed South West Leicestershire intrusions (Le Bas 1968, 
1972). Outcropping at Narborough, Croft,Enderby and Sapcote, 
these probably form a Bingle intrusive mass differentiated into 
diorite, tonalite and microtonalite and extending as far as the 
Countesthorpe borehole and towards oesford. The diorite at 
Warboys near Huntingdon la of similar composition and may represent 
an eastward extension of this Caledonian intrusive belt (see also 
Le Bas• paper in this volume of the Tranaacttona). 

Together with the Mount Sorrel granodiorite and the Melton 
Mowbray granite the South West Leicestershire intrusions must 
have been emplaced in a aedimentary cover at least a kilometre thick, 
most of which has since been eroded away to expose the igneous rocks. 
While thi■ cover could have been a buried continuation of the 
Charnian, it is much more likely to have been a pile of Cambrian 
aediments. Thus all one can say 1a that much, if not the whole 
County once lay beneath the Cambrian ■ea. 

The uplift and erosion of the Cambrian with it• contained 
intrusive masses must have provided a great volwre of elastic 
aediments in Devonian times. Where these were deposited remains 
a mystery I there is one isolated outcrop of Devonian sandstone 
with marine fossils near Atherstone, and it is possible that the 
deepest part• of the Widmerpool Gulf contain the Devonian Old Red 
Sandstone, otherwise it la only possible to surmise that a network 
of river■ took the elastic erosion products far beyond the 
boundaries of Leicestershire. Allsop and Jones elsewhere in this 
Transactions, suggest that there may be a thin spread of Old Red 
Sandstone in the south east of the region, partly covering the 
Lower Palaeozoic and Precambrian rock•. 

The late Precambrian rocks ot2Charnwood Forest, the Charnian, 
outcrop over an area of some 100km. Their equivalents appear 
beneath the Cambrian at Nuneaton though with rather more igneous 
rocks and leas sediment. Boreholes in the Desford area (Le Bas 1968) 
have proved similar rocks which presumably protrude through the 
Cambrian shales. To the east of Charnwood Foreat, however, one 
must mainly yo beyond the county boundaries for evidence. At 
Sproxton (Falcon I Kent 1960), at Wittering (near Stamford), 
near Oundle, at Glinton and Opwood near Peterborough {Horton et al, 
1974), and at Orton and Oxendon (Smith 193S1 Evans 19641 Poole et 
al 1968) volcanic rocks of Charnian aspect, including agglomerates 
and ignimbrites have been found. At Th.orpe-by-Water neta.morphosed 
aedimenta of probably Precambr1an age may represent the sedimentary 
aspect of the Charnian. LOwer Palaeozoic sediment■ of other than 
proven Cambrian age have been proved at Warboys (Ordovician mudstonea) 
and at Spalding (quartzite• of unknown age). These last two discoverie~ 
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together with the Melton Mowbray granite, may require some modification 
of Le Bas's concept (1972) of a continuous Precambrian massif 
beneath East Leicestershire possibly along the lines of Evans' (1979) 
proposed aulacogen. Evans suggested that a long-lived fault-bounded 
trough extending from northwest to aoutheast intersected the 
Caledonian fault belt and was filled with folded Precambrian and 
Lower Palaeozoic sediments and volcanics. The Melton Mowbray granite 
seems to be associated with if not directly continuous with the Mount 
Sorrel granodiorite and it may well be one of the granite masses 
proposed on geophysical evidence by Evans and Maroof (1976). A series 
of Gas Council boreholes GSt2,3 I 10 west of Peterborough,GHlO 
at Oundle and GHl,2,3 1 5 west of Huntingdon, have reached either 
Palaeozoic or Precambrian sediments, mostly with the age undetermined. 
The evidence is limited but further studies of this complex of 
Precambrian, Cambrian and Caledonian intrusives are in progress. 

The southern margin of the eastern massif is very poorly 
defined at present and it may well be that a cover of Upper 
Palaeozoic rocks may include some Old Red Sandstone extending to 
the Carboniferous Limestone occurrences at Northampton or intp 
the possible Coal Measures basin northeast of Rugby. 

Finally, what lies beneath the Charnian? There should be 
earlier Preca.rnbrian rocks but no evidence of these has yet been 
revealed, the nearest comparable rocks are in Shropshire and the 
Malvern Hills and correlation between the■e two 1• fraught with 
problems. All one can say is that no borehole in the Leicestershire 
area has yet revealed pre-Charnian rocks, and no fragments of Pre
Charnian have been found in the volcanic ejectamenta in Charnwood 
Forest. The deep crustal geophysical studies outlined by P. Maguire 
elsewhere in this Transactions have defined the presence of a high 
velocity retractor at a depth ot some 2 km beneath Charnwood. On the 
basis of studies elsewhere in Britain this ahould represent a 
cryatalline basement but ita nature and age remain unknown, and it 
presents aproblem for further investigation. 
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HOW WE LOOK BELOW THE SURFACE 
AND WHAT IT COSTS 

Or. w. A. Read 
Institute of Geological Sciences, 

Keyworth, Notte. 
Perhaps the most striking feature of deep subsurface 

exploration is its expense, cost is therefore a major 
limiting factor. This is particularly true of the two 
techniques, seismic reflection survey and drilling deep 
boreholes. which are most likely to yield reasonably 
accurate results and which are consequently employed by 
the oil industry. Seismic reflection survey, which uses 
a techniqUe analogous to SONAR to reflect artificially 
induced seismic waves from contacts between rock bodies 
with markedly different physical properties, can cost 
anything between £2000 and £10,000 per line kilometre. 
Deep drilling costs, as quoted by European oil companies, 
range from about 1.200 ,000 for a borehole 1000 metres deep 
to £6 million for one 7000 metres deep yet drilling is 
the only vay to obtain really accurate information about 
rocks in the deep subSurf ace • 

Seismic refraction, gravity and aeromagnetic 
techniques are considerably cheaper and can yield useful, 
albeit less precise, results. 

The geological re1ult• emanating from the technique• described by Dr Read 
are contained in the following paper by hi■ colleague• • 

HABIT AT OF HYDROCARBONS IN THE EAST MIDLANDS 

Martin J. Davies 
B.P. Petroleum Development, Eakring, Notts. 

Oil and gas have been found in rocks ranging from Pre
Cambrian to Triassic in age in the East Midlands. The 
only significant production however comes from Upper 
Carboniferous sandstones. These sandstones were laid 
down in river channels or in major delta complexes and 
are very variable in both thickness and quality. The 
oil is of good quality and is thought to have its sources 
in shales of both LOwer and Opper carboniferous age. 
Accumulations are small and scattered, but are economic 
because of lower costs on land. 
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A' PRE•PERMIAN PALAEOGEOLOGICAL 
MAP OF THE EAST MIDLANDS AND EAST ANGLIA 

J.M. Allsop and C.H. Jones 
ABS'l1IAC'I' 

A •~P•nlian palaeoqeoloqical map ha• been prepared for Eaat 
Anglia and adjacent part.a of the Ea■t Mldlands u■itlg borehole, gravity 
and magnetic: data. The origin of ■even ca.jor negative anODWllie■ 1 ■ 
conaidered. Although an iqneoua origin cannot be dl ■counted for 90ID8 
anomali•■ around~ Wa■h, ■ome hav• proven infill• of Carboniferous 
■edi.Dan ta. 

An area including East Anglia and part of the East 
Midlands vas investigated using all available geological 
and geophysical information. Altogether 82 boreholes are 
knovn to have penetrated pre-Permian strata, but their 
distribution is extrewely uneven. Very little seismic data 
is available and therefore the atudy has concentrated on 
the Bouguer Gravity Anomaly maps and Total Force Aeromagnetic 
Anomaly maps published by the Institute of Geological 
Sciences, together vi th an unpublished lGS gravity aurvey 
of the wash. 

Density variations within t.he Mesozoic rocka,including 
changes with depth of bUrial and lithology,have been 
accounted for in the coinputing, but density variations t5om 
boreholes pen5trating the baserrent range from 2.52 g cm-
to 2.es g cm- (Bullerwell, in Stubblefield, 19671 Cook 
and Thirlavay, 19521 Parasnis. 1952). 

A gravity-stripping method involved a study of density 
distribution within the Mesozoic sequence and the selection 
of density units. Using these dat~ and interpolating 
between boreholes, a three-din,ensional polygon program 
provided the gravity contribution of post-Namurian sediJl'lents. 
In some boreholes the westphalian is absent and the base of' 
the Permo-Trias vas taken as the datum. Other shallower 
boreholes that did not penetrate pre-Permian strata were 
also used to indicate a minimum gravity value. When the 
gravity effect of the pc,st-Namurian sediment■ vas removed 
from the Bouguer Anomaly map, the resultant regional field 
vas concluded to be due to deep structure within the sub
Mesoz:oic floor. 

The following account is a correlation of the regional 
gravity field and the magnetic data in an attempt to define 
sub-Mesozoic provinces in the area. The sub-Permian 
palaeogeological map ■hmm in Fig. 1 la the result of' these 
studies. A similar palaeogeological map vas prepared by 
WillS (1973) • 

At th■ sympo ■ i1m1 on the Ridden Depth ■ of Leicestershire ■t'Vaughan College 
Dr Read gave• t■lk on exploration technique• vhich vas partly baaed on the 
information contaiud ln thia papa~. 
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PRE-MESOZOIC GEOLOGY 

The sub-Mesozoic floor of the London Platform comprises 
three major units. In the north-west, boreholes have 
encountered metamorphosed sediments and volcanics which 
have been compared to the Charnian of Leicestershire and are 
asswred to be of Precambrian age (Harris et al, 1975). some 
of the associated igneous rocks are highly magnetic and it 
seems likely that the Precambrian eubcrop corresponds to the 
zone of complex ~agnetic anomalies shown on the !GS 
Aeromagnetic map (sheet 6). The magnetic anomaly pattern 
shows strong north-west to south-east Charnian trends which 
may correspond to major basement fau1ts. 

The Palaeozoic subcrop of the eastern part of the 
London Platform appears to consist largely of Lover Devonian 
and Silurian rockS. The very wide area of the subcrop 
suggests that these rockS are of considerable thickness. 
The Lower Palaeozoic sequence is composed mainly of mudstones 
and greywacke sandstones, but shelf 1imestones of wenlockian 
age (middle Silurian) are known from the Ware Borehole north 
of London (Wills, 1978). The rocks are commonly steeply
dipping, cleaved, and probably have suffered a major 
deformation around mid-Devonian tines in the latest phase 
of the Caledonian orogeny. Little is known of the detailed 
structure of these rockS. It has been suggested that they 
form part ot a northvest-trending Caledonian mobile belt 
(Evans. 1979). Evidence for such a trend is to be found in 
Fig, land in the map of Wills (1973), The southwestem and 
western part of the London Platform is underlain mainly by 
rockS of Tremadocian age. These form a 1n0notonous sequence 
of siltstones and fine sandstones which seismic evidence 
suggests is several thousand ot metres thick. Onconformably 
overlying these rocks ls a sequence of late Devonian 
(Frasnian and Famennian) and Carboniferous rocks1 the 
complete succession is sti11 unproven but the evidence 
suggests it is unlikely to be more than a thousand metres 
thick. The south-eastern part of the London Platform has 
little data and Baker's (1935) suggestion of a passible 
coal field in Essex has not been upheld by more recent 
drilling (Smart et al, 1964), 

MAIN GRAVITY ANOMALIES 

The regional gravity field reveals seven major negative 
anomalies ascribed to the presence of lighter sediments. 
The anomalies bear no relationship to thickness variation 
within the Mesozoic and their possible geological causes are 
considered below. 

North-east Norfolk. This gravity anomaly is the only one 
which has so far been drilled. The Somerton Borehole proved 
low density Upper Carboniferous sediments (Willa, 197B). 
The gravity evidence suggests the presence of a syncline 
plunging north-eastwards with the somerton borehole near 
its centre. This is supported by the presence of Carbonifer
ous Limestone which occurs beneath the Permian on the 
northern margin of the syncline. 

The Wash. There a.re four iniportant negative gravity 
anomalies in the Wash area. Statistical work (such as 
second-derivative and maxinn.im slope estimates) on these 
anomalies is inconclusive but suggests that the anomalies 
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are due to sediment-filled troughs or grabens with inward
sloping sides rather than law density (granitic) intrusions 
which would require outward-sloping sides for a suitable 
interpretation (Chroston and Sola, 19751 Sola and Chroston, 
1978), unless laccoliths are considered possible. There is 
also a complex magnetic anomaly pattern hereabouts suggesting 
that the Precambrian rockS may be fairly shallow and that the 
depths to the top of the magnetic bodies range from 0.4 to 
1.e km. Generally the gravity lows correspond to areas o! 
lower magnetic intensity. Steep gradients at the margins of 
these anomalies suggest faulted boundaries, similar steep 
gradients in the south Nottingham Coalfield have been proved 
to be faults by borehole and seismic evidence (unpublished 
IGS re-port). 

RocltS of probably Precambrian age have been proved in 
boreholes surrounding the Wash at depths of between 233 m 
and 1029 m below o.o., for example at North Creake (Kent, 
1947), South Creake, Hunstanton, Lexham, Sibsey, Glinton 
(Kent, 1962) and Galley Hill. This broadly confirtnS the 
calculated depth to the Precambrian based on geophysical 
evidenca, but none of the boreholes has penetrated the sub
Mesozoic floor near the centres of the negative gravity 
anomalies. 

There are several possible alternative explanations for 
the negative anomalies around the wash. Upper carboniferous 
is known to overstep onto the Precambrian of the Spro.x:ton 
area (Falcon and Kent, 1960). A similar situation could 
exist in the wash area. The presence of an Upper Devonian 
basin is considered less likely as rocks oft.his age are 
known to thin northwards. At Wyboston, a borehole proved 
103 m of Upper Devonian resting on Tremadocian (Upper 
Cambrian) rockB (Wills, 1978). Basins of low density 
Tremadocian rocks may be the cause of these anomalies since 
the density of these sediments can be lover than the surround
ing baserrent rocks. Even Precambrian basins cannot be ruled 
out as a possible cause because SOl!'e of the Chamian sediments 
have lover densities than values conventionally considered 
for the Precambrian. A final possible explanation for these 
negative anomalies is that ther are caused by igneous 
(granitic) bodies. The magnet c anomalies flank the negative 
gravity anomalies. which is often the case in granitic 
provinces, and it could be suggested that, it the anomalies 
are of igneous origin, the a'pparently separate intrusions 
may be connected at depth. 

East of Rugby. This negative gravity anomaly can be 
explained by similar low density rocks to those of the Wash. 
The anomaly has an amplitude of 7 ttGal and can be calculated 
(rrom a three-dimensional program) to be caused by a low 
density sedimentary ba3in 1.2 km in thickness, with a density 
contraat of -0.2 g cm- with the basement, orientated north
vest to south-east (Fig. 2). There is no evidence ~or a 
thickening of Mesozoic strata in this area. A Coal Measures 
basin could be suggested as a source of the anomaly because 
the Northampton Borehole, drilled on the margin, proved 
Vis~an (Lower carboniferous) rocks. Low density Upper 
Devonian sediments overlain by Carboniferous Limestone could 
be present, but the Devonian thins northwards and, in the 
adjacent Warwickshire Coalfield, Tremadocian and earlier 
Cambrian roc:kS (Stockingford Shale) are found directlr 
beneath the Coal Measures. However, the Tremadocian a 
thick in Central England and in the Tovcester Borehole the 
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density is as low as 2,52 g cm-3 (Bullerwell, in Stubblefield, 
1967). 

!:!!!Qn. Insufficient evidence is available to conurent on the 
cause of this anomaly. However, t.he steep northern gradient. 
ot 4 Jr'Gal km-1 suggests a faulted margin. 

This account is a preliminary study of the sub-Mesozoic 
floor of East Anglia and the East Hidlands1 further acquisi
tion of new geological and geophysical data will make it 
possible to adjust the palaeogeological maps. 
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NATIONAL COAL BOARD EXPLORATION IN LEICESTERSIDRE 
p. A. Jones 

A combination of drilling, dovnhol• 9aophy■ic•l logging and 
••i■mic .urveying ha• been used to inv•■tigate tM po■aibiliti•• of 
concealed area11 of coal Measure■ previously unBUapeeted in the 
Laice■ter■hire Area. ReBUlt■ fran the J.oughborough and Weat Leiceater
■hire area■ have been di■couraging but ln Horth East Leiee■ter■hire tha 
inve■t19ation■ have 1ed to the di■~ry of --••in coal reaourc••• 

The South Midlands Area comprises the Leicestershire, 
South Derbyshire, WarvickShire and Rent Coalfields, although 
this paper concentrates on exploration vithin the county of 
Leicestershire. 

Until 1914 e,cploratlon had been confined to the kno,,m 
coalfields, and in the Leicestershire coalfield, bounded by 
the Thringatone Fault to the east and incroJ)/outcrop of the 
coal seams to the vest (Fig. 1), the limited number or bore
holes drilled were to eonfirm the thickness and quality of 
seams already kncnm to exist. with the prospect of escalat
ing oil prices in the early 1970s, however, the National 
Coal Board began a major national exploration programme 
designed to find reserves of coal which would replace the 
output from exhausting coaltields, and then increase the 
annual output to ,neet the e,cpected increased energy demand. 

The methods used, and the areas investigated in 
Leicestershire are briefly described belov1 

EXPLORATION I-IETHODS 

a) Drilling. This traditional exploration method has the 
advantages that samples of the coal seam .and the roof and 
floor measures may be obtained for analysis, and on 
completion of the drilling the hole may be used to test 
potentially water-bearing zones and to record strata 
temperatures, both highly iff!POrtant in underground working. 
The disadvantages are the high cost, and the fact that the 
information may only be valid for a short distance from the 
hole. 

b) povnhole Geophysical Logging. This method has been 
developed from the oil industry, and a number of 
sophisticated tools are now available'specirically for 
coal logging. Information ftlilY be obtained on the seam 
thickness and quality, lithology, porosity, permeability, 
bulk rock strength, direction and a11e1unt of dip and sonic 
velocity, and these logs could replace raising expensive 
cores from boreholes. The inain advantages of down-hole 
logging are its low cost and the information provided in 
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non-cored sections of holes, but it bas the disadvantage 
that the interpretation of some of the logs requires a high 
degree of skill and is to some extent subjective. 

c) Seismic Surveying. This has also been developed from the 
oil Industry, but the methods have been adapted to look for 
nruch smaller geological structures at shallower depths (down 
to 1200 m). Reflection seismic sµrveying is used by the 
N.C.B. and several methods have been employed depending upon 
surface constraints and the depth of investigation. The 
advantages of seismic surveying are that large areas may be 
covered relatively cheaply, and the general structure (i.e, 
dip and major faults) may be quickly obtained. The disadvant
ages are the difficulties of access in built-up or intensely 
farmed areas, poor data from certain areas (usually due to 
the surface geology), and the limit of resolution of faulting 
which will only be seen if the displacement is in excess of 
about 10 m. The normal exploration philosophy is to carry 
out a broad seismic survey in the area of interest which 
allCNs 'boreholes to be sited in the trost favourable positions 
i.e. fault-free, and in areas of the thickest potentially 
coal-bearing strata. If these results are encouraging, 
further seismic surveys and drilling may follow. 

El<PLORATlON AREAS 

Fig. 2 shows the isolated co8lfields of Nottinghamshire, 
Leicestershire/Derbyshire, and Warwickshire, and the exlora
tion programme bas been eoncentrated between these. 

a) Loughborough Prospect. The possibility of a "Loughborough 
Coalfield" vas suggested some time ago and Spink and Strauss 
( 1965) proposed a 'mirror image• of the Leicestershire coal
field associated with a major fault (Fig, 3), ln 1974 a 
seismic survey was carried out and followed by Roton Rills 
borehole. The seismic data was of variable quality, but 
favourable structures seemed to be present below about 800 m 
depth. Hoton Hills borehole,(SK 5622) passed from Triassic 
to Millstone grit (high Namurian) at a depth of 198 m and it 
was concluded that the structures seen were in basinal Lower 
Carboniferous sediments of the Widmerpool Gulf. Small areas 
of Coal Measures may be present elsewhere in the area but no 
further work is planned. 

b) West Leicestershire Prosve;ct. This area lies to the south 
of the Leicestershire coalfield and to the north-east of the 
WarvickShire coalfield (Fig. 4). A number of boreboles were 
drilled about 100 years ago, and generally proved Trias over
lying Cambrian (Stockingford Shales). Sapcote Freeholt 
borehole (drilled 1863-1871) (SP463943) however, has several 
differing accounts (Eastwood et al, 1923, p.961 Sylvester
Bradley and Ford, 1968, p.57) and was reported to have (a) no 
Coal Measures, ( b) 64 m, or ( c) 299 m : To check this 
discrepancy a seismic survey was carried out in 1977-8 
followed by two boreholes. The data quality was very variable 
and Dadlington borehole (SP4098) was drilled on the northern 
side of the prospect partly to assist with the seismic 
interpretation, No Coal }'{easures were found. the borehole 
passing from Trias to Cambrian at a depth of 314 m. The 
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second hole, at Aston Flamville(SP446293)was drilled near 
the problematical Sapcote Freeholt bore, but this also 
failed to find Coal Measures, passing from Trias to Cambrian 
at a depth of 167 m. It is still not certain whether Coal 
Measures were present in the Sapcote bore as this may have 
passed through a pock~t of strata preserved in a small 
Cambrian hollow. It is cle4r, however, that no significant 
areas of Coal Measures are present and no further work is 
planned. An Institute of Geological Sciences borehole at 
Twycross (SK338056) to the north of this prospect area also 
found Trias resting on probable Cambrian mudstones with a 
thin microdiorite sill. 

c) North East Leicestershire Prospect (Vale of Belvoir). 
Prior to 1973, the information in this area was limited to 
oil bores which were not cored through the Coal Measures, 
and a regional trend at Cotgrave Colliery which indicated 
that ~he coal seams would split and thin to the east. 
Further investigation of the geophysical logs in some of 
the oil bores revealed thick coal seams, and these were 
confirmed by the first boreholes near those in 1973/74. An 
extensive exploration programme was then undertaken by the 
East Midlands and south H1dlands geological branches of 
N.C.B. and by 1976, eighty boreholes had been drilled and 
400 km of seismic surveys carried out. The results were 
very favourable, and after interpretation, proposals were 
submitted for three nev collieries to extract the coal. 

The general structure is a shallow basin overlain 
unconformably by Fermo-Triassic strata. parts of which are 
highly water-bearing. The Coal Measures are limited to the 
north, west and south by incropping beneath the Pernn-Trias, 
but on the east side the boundary is tm-re complex with the 
lower seams failing against a contemporaneous volcanic pile. 
The generalised Coal Measure Section is shown in Fig. 5, the 
higher seams being important in the north and the lower ones 
in the south of the area. 

Kirby Lane borehole (drilled 1975) (SK732175) was of 
considerable interest, although it proved to be on the 
southern edge of the basin and the Coal Measures were very 
thin (Fig. 6). Beneath the Coal Measures was a thin layer 
of Millstone Grit (22 m) overlying weathered granitic 
material at 402 m. On examin~tion this proved to be similar 
to the Hountsorrel Cranodlorlte and its presence confirmed 
the magnetic anomaly whic:h was known to extend eastwards 
from Mountsorrel (Evans and Maroof, 1976). 

CONCLUSIONS 

The need to find reserves or coal to prevent declining 
output has led to intensiv~ exploration activity by the 
N.C.B. over the past seven years, and improvements in drilling 
logging and seismic techniques have enabled accurate assess
ments of structure and probable mining environ~ent to be made. 

It is clear from two of the cases quoted that explora
tion is not always successful, but the information provided 
is important in completing the national picture ot Coal 
Measures distribution. 
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THE IGNEOUS BASEMENT OF SOUTHERN BRITAIN 
WITH PARTICULAR REFERENCE TO THE GEOCHEMISTRY OF THE 

PRE-DEVONIAN ROCKS OF LEICESTERSHIBE 

M. J. Le Bas 

ABSTRACT 

The PrecambriM markfi•ldites and northern diorites of Cha.rnwood: 
Forest, the Mountsorrel granite, and the South Leicestershire diorite■, 
together •lth their concealll!d extensions reve~led by bor•holes are 
parts of a much larger diorite-to-gr.anlte complex. Detailed geochemical 
and isotope ■tudie, have been used,ftr■tly,to demonstrate its relation
ship to the Precambrlan and Lower Palaeozoic igneous rocks of surrounding 
regions, 1econdly, to establish a chronological aequence of event■, and 
thirdly, to ■how that there was a aubductton :zone inclined aoutheastvards 
fraa Wales to beneath aoutheastern Britain in Ordovician times. 

INTRODUCTION 

• "In present-day volcanism and plate tectonics, calc
alkaline activity is believed to be diagnostic of subduction
zone magmatism. A substantial school of thought would 
suggest that, by analogy, the occurrence of calc-alkaline 
igneous rocks in the Caledonides should indicate magmatism 
directly related to oceanic Plate destruction during the 
development of the Caledonide orogen.• Thi• quotation, 
which ia taken from the recent excellent review of the 
Caledonide magmatism of Britain and Ireland by Stillman 
and Francis (1979), ia most appropriate to the problem 
discussed in this contribution. The problem is the 
interpretation of the Lower Palaeozoic and older granitic 
rocks of Leicestershire, and the implication this carries 
regarding the structure of the continental crust of southern 
Britain and further afield. 

THE CALEOONIAN PLUTON OF LEICESTERSHIRE 

Previous research (Le Baa, 1972) has established that 
the granitic rocks of Mountsorrel, Counteathorpe, Enderby, 
Croft, and Stoney Stanton fom one or more large plutons 
of typical calc-alkaline igneous character, largely buried 
beneath Triassic sediments. The underground extent of 
this pluton is increased by the recent discovery during 
drilling at Kirby Lane, south-west of Melton Mowbray, of 
granite at 404 m depth. The petrography of this biotite
granite is given in Le Bas (1981), and the results of a 
recent chemical analysis by XRF at the Open University 
using the Energy Dispersive system (G.C. Brown, pers. comm.) 
are given in Table 1, column l. When plotted on variation 
diagrams (Figs. land 2) the analyses lie within the field 
of the Mountaorrel granitic rocks, and it ls most likely 
that it represents an underground extension of that mass 

(as remarked by Evans and Maroof (1976 ) and it may now be 
referred to as the Leicestershire pluton. 
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TABLE 1. 

WT.I 

S102 
Ti02 
Al2o3 
Pe2o3 
PeO 

MnO 

M90 

cao 

P.P.M. 

V 

Ni 

Ce 

Ba 

La 

Zr 

NEIi AND RECENT XII!' CHEMICAL 
ANALYSES 01" LEICESTERSHIRE 

IGNEOOS ROCltS 

1 

70.00 

o.4B 

14.80 

3.19 

0.02 

0.89 

0.9B 

2.99 

4.9B 

l.B6 

100.19 

49 

10 

82B 

223 

2 

69.23 

0.51 

15.30 

o.ao 
1.90 

o.oa 
1.69 

2.96 

3.39 

3.72 

0.12 

1.12 

100.B2 

106 

19 

43 

671 

11 

196 

3 

59.9B 

0.59 

16.63 

1.95 

5.02 

0.18 

2.11 

4.B2 

3.11 

2.62 

0.26 

2.15 

201 

10 

37 

1327 

12 

77 

4 

52.36 

1.1B 

14.19 

7.96 

5.11 

0.20 

4.09 

7.49 

2.00 

1.2B 

0.22 

3.24 

99.99 

330 

B90 

100 

5 

67.2B 

0.47 

13. 73 

4.47 

1.32 

0.10 

2. 72 

4.32 

3.90 

0.7B 

o.os 
1.72 

100.B6 

174 

14 

30 

331 

4 

70 

1. Diotite-qranite (Lele. Ace-. No. 71583) frca 41.la depth in 
bore-hole at Xirby•Lan•, near Melton Mowbray. re o i ■ total 
re recaleu.lated:, BO 1■ Lo■■ on Ignition. (G.C. 8r~ ~r■ • ccma.). 

2. Pink qranodlorite tiwi, 1004), Mount110rrel Quarry (J.W. Aucott, pen.cam.) 
3. MarkU■ldit. (CP16), Groby Quarry (J.11. Aueott, per■ • CCIIID.). 
4. Quartz-diorite, Longcllff• Quarry, N. Charnwood.. Tobl include■ 

co2-o.67 (IGS Annual report for 1975, p. 128, no. 2501). 
5. Porphyritic dacite (J11A 1006) Peldar Tor QuarrY (J.W.Aucott, per■ .coe..). 
reo ill analy■H 2, l and 5 by wet Riley -t.hocl and B2() by infra-r-2 
apectroacopy. 42 
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It can be argued stratigraphically that the dioritic 
and granitic rocks of South West Leicestershire are post
Tremadoc and pre-Devonian, and of Caledonian age like the 
Mountsorrel granodiorite which yielded a K-Ar date of 
40U:18 m.y. ( Meneisy and Miller, 1963). An Rb-Sr isotopic 
determination by Crlbb (197S) on the Mountsorrel granite 
gave an isochron indicating 433±17 m.y. (Lower Silurian) 
whilst the Rb-Sr isochron for•the diorites of south 
Leicestershire gave 546±22 m.y. This apparent inconsistency 
has been resolved by the O-Pb determinations by Pidgeon and 
Aftalion (1978). They conclusively demonstrated that both 
the Mountsorrel granodiorite and the Enderby tonal1te give 
concordia dates of 4S2±8 m.y. (middle Ordovician). This , 
agrees with the geological field relations, and Cribb'• 
date of S46 m.y. must be in error unless by chance it comes 
from a mass of South Charnwood late-Proterozoic to earliest 
Cambrian diorite (markfieldite) caught up in the south 
Leicestershire diorite-tonalite pluton. 

The typical calc-alkaline geochemical character is 
shown on Figs. land 2. The plots also demonstrate that 
the Caledonian diorite-to-granite intrusive complex which 
extends from Stoney Stanton to Melton Mowbray, largely 
blanketed by later deposits, is quite distinct geochemically 
from the intrusive diorites of Charnwood and the Charnian 
extrusive rocks. 

THE CHARNWOOD INTRUSIVES AND CONTEMPORARY ROCKS 

These rocks,which carry the local name of markfieldites. 
vary from dioritea to granodioritea and are frequently 
confused with the similar rocks of the Ordovician Mountsorrel
Croft (Leicestershire) pluton described above. However, 
they are both chemically and temporally distinct. Comparing 
Fig. 3 with Fig. 1. shows that they cluster separately from 
the Ordovician rocks. The data plotted are taken frorni 
the IGS annual report for 1975, Table B.2 in Sutherland's 
new book (1981), and colwnn 3 of Table 1. Not only are they 
distinct from the Ordovician Leicestershire pluton, but also 
from the extrusive rocks of Charnwood Forest (see Fig. 4). 
The Charnwood intrusive& are calc-alkaline, and, on the 
parameters used in Fig. 2, plot with the Leicestershire pluton; 
but Figs. 1 and 4 show the Charnwood intrusive& to have 
higher total Fe-rich fractionation trends. 

Fig. S brings out the fact that the Charnwood intrusives 
are relatively K-rich. According to the Taylor classification 
(1968) of potassic rocks, they plot in the high-K calc
alkaline series igneous rocks with high-K andesites, but 
are not quite sufficiently potassic ~o merit the adjective 
shoshonitic. They are typical of igneous rocks associated 
with deep subduction zones, and the high Ba values (about 
double those of other Leicestershire igneous rocks) corrob
orate this alkalinity. It may be noted that the quartz
diorite fran Longcliffe quarry (a Northern Oiorite of 
Charnwood Forest) has exactly the same geochemical 
characteristics as the South Charnwood intrusives (Table 1, 
colwnn 4). 
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FM ¥arl•tlon dla9r.i• for the rre-C;alllllrl.ln N,ur•n Ho11t1• lava, CW) 
the Charnwood lntru■ h-.1 IOI, the Ch.u"nlan ■ 11tr111lw1 CCI and the 
Ul"h:onlan volc.,nlc rocll• 1\11, 

MgO 

The age of the Charnwood intrusives is also distinct 
from that of the Leicestershire pluton. Cribb (1975) gave 
a Rb-Sr isochron dating indicating 552±59 m.y. which agrees 
closely with the K-Ar age of 547±24 m.y. (Meneiay I Miller 
1963) for the Southern Charnwood dio~ites. The spread of 
ages to younger dates reported by these authors is ignored 
for present purposes, on the assumption that they 
represent younging by the many subsequent igneous events. 

The above dates indicate a time near the base of the 
Cambrian. The exact date of the basal Cambrian transgression 
is uncertain (Brasier et al. 1978), but there is little 
doubt from the evidence of boulders in the basal Cambrian 
conglomerates presently exposed in Judkins Quarry, Nuneaton, 
that these intrusions are earlier than the Cambrian 
sediments of this area. Geological reasoning suggests that 
the 311±92 m.y. Rb-Sr isochron produced by Cribb (1975) for 
the Northern diorites of Charnwood, cannot be the age of 
the intrusion. The samples analysed by him in fact fit the 
isochron for the Southern diorites reasonably well and, 
despite the precautions taken by that author to avoid 
mineralized samples, it would seem they have been affected 
by the strong Hercynian mineralization so prevalent in 
northern Leicestershire. 

45 



The Uriconian volcanic pyroclaatic and aome intrusive 
rocks of the Welsh Border region give similar Rb-Sr dates., 
suggesting a period of magmatism ending 536±8 m.y. (Patchett 
et al. 1980), and thia ia related by these authors to a 
period of magmatism in Wales spanning a period of about 
SO m.y. The Uriconian geochemical data (Thorpe, 1972a) 
plotted on Figa. 3 and 4 indicates that they are normal 
calc-alkali aeries rocks and possibly continental according 
to Thorpe. 

The Precambrian Warren House volcanic rocks which 
appear to overlie unconformably the intrusive complex of 
the Malvern Billa may also be bracketed in this age group. 
The Malvern plutonic complex is 681~53 m.y. (Beckinsale 
et al. 1981) but important younglng events in the span 600-
540 m.y. are recognised in K-Ar and Rb-Sr dates on late 
biotitea. Though the evidence is tenuous, these biotite 
dates could be related to an event marked by the overlying 
warren House volcanic rocks. The Warren House lavas may 
therefore belong to the 600-540 m.y. volcanic episode 
recognised by these authors across much of England and Wales. 

The Warren House volcanic rocks are chemically distinct 
from the Uriconian and Charnwood intrusive rocks. They 
are mainly spilitic basalts, keratophyres and rhyolitea, 
and belong to the tholeiitic aeries (Thorpe, 1972a). This 
la well aeen in Fig. 4 where the characteristic strong 
Fe-enrichment trend is marked. It is also evident in 
Figa. 3 and 5, if the Na metaaomatism which accompanies 
apilitizatlon is taken into account. When plotted on 
Pearce•• (1975) di■criminant analysis diagrams which 
distinguish basaltic rocks from different tectonic settings 
(Figa. 6 and 7), the Warren House lavas appear to belong 
to the Ocean Floor Basalt type or the Low-K tholeiitic Basalt 
type. Of the three functions plotted F1 , F2 and F3, F3 (Fig. 7) ia the one most liable to be 
affected. by changes in the Na content and therefore it 
la the least reliable. 

Assuming it ia permissible to compare the trace 
element contents of young lavas with Palaeozoic and older 
ones, the trace elements of the warren House lavas (Thorpe 
1972a) may be uaed to help di■criminate their tectonic 
association. The Ba/Sr ratios (Saunders et al. 1980) 
are appropriate for Ialand. Arc Basalts (Low-K Tholeiites) 
although they could also be Back-Arc Basin type, and 
similarly the Zr/Y ratios and contents (Pearce and Norry, 
1979) of these lavas plot in the field of overlap between 
Ocean Ridge and Island Arc basalt types. 

Since the Warren House volcanic rocks appear to rest 
unconformably on the calc-alkaline intrusive complex of 
the Halverna, clearly they cannot be oceanic, and it may 
be concluded that they are Island Arc tholeiitic basalts 
possibly close to a marginal basin. 

The most simple interpretation of these sparse 
geochemical data for this late Proterozoic period just before 
the Cambrian is that a marginal or back-arc ba ■ in extending 
no further than the Channel Islands, lay south of the 
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60 70 
SiO, 

Flg.S, The potaasJwa-■ llic.1 variation dtagraffl showing the pota■ sle character 
of the ct,arnbn intrusive■ and tho Tortvorth h,va•, tho tholeiltlc 
charact•ir of the W,uron House volc.,nlca and the nor-1 .:alc-alkaUno 
charactrr of tho re-.1.nder (after llaylor, 19681. The Brabant rock• 
r•pr••.,nt •iidl<1r ca1c-a1".,lln• IM~l!l.l,1:1•• ln 9"19lu•. 
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Malverns, and that the magmatism and variation in K 
represented by the Uriconian volcanic activity and Charnwood 
intrusions is related to a northerly dipping subduction 
zone (Morrison, 1980). The intrusive Dimetian complex in 
South Wales dated 587±24 m.y. (Patchett and Jocelyn, 1979) 
provides further evidence for this interpretation, but 
insufficient geochemical work is available on the rocks 
of this age from Anglesey (Beckinsale and Thorpe, 1979) 
to hazard any further interpretation beyond Thorpe's 
(1972c) demonstration that they had oceanic characteristics. 

THE CHARNWOOD EXTRUSIVES AND CONTEMPORARY ROCKS 

Again Thorpe (1972a) has provided the bulk of the 
geochemical data. An additional analysis is given in 
Table 1 (column S). Unlike the intrusivea, the extrusive 
rocks of Charnwood are low in K, have sane tholeiitic. 
characters, but exhibit a calc-alkaline trend of fractionation 
(Figs. 2, 3, 4 and S). Their age is uncertain, but the 
whole-rock K-Ar date of 684!29 m.y. (Meneisy and Miller, 1963) 
is likely to be representative of the date of formation. 
This date is close to that of 681±53 m.y. given by Beckinsale 
et al. (1981) for the Malvern intrusive complex. 

Thorpe (1972b) has already compared the Malvernian 
complex with the Johnston complex of s.wales which has 
recently been dated by U-Pb by Patchett and Jocelyn (1979) 
at about 643 m.y. Thorpe showed that the Cale-alkaline 
basic-to-acid rocks of the Johnston canplex, like the 
Charnian extrusive■, are relatively low in K compared with 
the Malvernian complex, and that a subduction relation may 
exist. 

Rocks older than the above in southern Britain are 
known only in two or three localities, and the evidence 
presented by the late Proterozoic to Lower Palaeozotc 
igneous rocks is that this area was one of island arc 
volcanism intermittently from about 700 to 450 m.y. ago. 
The question now arises on the relation of this long period 
of arc volcanism to any continental crust. 

THE CONTINENTAL CRUST OF SOUTHERN BRITAIN 
Apart from isolated outcrops in North Wales and 

southeast Ireland, no tracts of Precambrian rocks older 
than 800 m.y. are known in Southern Britain. Seismic 
data from the LISP profile (Bamford, 1979) and from the 
Charnwood seismic array (Maguire,pers.comm.) indicate that 
the crust is less than 30 km thick in contrast to that below 
much of Scotland which has a geological history stretching 
back to the Archaean. 

is al;~eb~:~~ ~!ta~~i:~; ;~~~~n~~t:~ec~~~bi~~i~ ~!dsss1;:1135u 
ratios in zircons from Palaeozoic granites in Scotland and 
England (Pidgeon and Aftalion,1978). South of the Highland 
Boundary Fault of Scotland, the ratios of these isotopes in 
zircons in most granites are low, and the concordia plot shows 
no inherited radiogenic Pb components, in contrast to the 
majority of the Caledonian granites of the Highlands of 
Scotland. The implication is that the granites penetrating 
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the crust of Southern Britain were formed under conditions 
different fran those in the north, and that the crust, 
including the Palaeozoic sediment,cover provided no Pb 
contamination. The granites were probably derived straight 
from the upper mantle. The igneous rocks of Mountsorrel 
and Enderby, among others, show these characteristics. 

Likewise, the high 23Bo/2°4Pb values (>9.26) obtained 
in igneous rocks south of the•Iapetus Suture and in contrast 
to those north of that line, are consistent with a thin 
crust and derivation from the upper mantle (kennan et al.1979). 

The Sr isotope systematics of the igneous rocks of 
Britain lend further support to this interpretation. Like 
most of the Lower Palaeozoic granitic intrusions of Southern 
Britain, the initial 87sr/86sr ratios of the Mountsorrel and 
South West Leicestershire rocks are low, 0.7070 and 0.7056 
respectively (Cribb,1975). The aame ia true for the northern 
and southern diorites of Charnwood, 0.7068 and 0.7061 
respectively. In Scotland, whilst many granites have low Sr 
ratios, sane are high, e.g. Aberdeen >0.711, which suggests 
that in Scotland contamination by crustal components did 
occur as a result of the thick crust there (Halliday et al. 
1979). The crust of England was too thin to permit ~the 
highest known initial Sr isotopic ratio in England is that 
for the Eskdale granodiorite at 0.70880 t 0.00011. 

The division of granites by Chappell and White (1974) 
into I-types and s-types has similar implications. I-types 
are interpreted to be derived directly fran the mantle, 
whiles-types are contaminated with sedimentary and other 
crustal materials. The Leicestershire Lower Palaeozoic 
intrustiona, in common with most granites of Southern Britain 
show the I-type rather than the s-type characters listed 
below. 

I-type 

Wide spectrum of 
basic to acid types. 

Hornblende, sphene and 
magnetite common. 

Unfoliated, discordant 
contacts, contact aureoles. 

Initial 87sr/86sr < 0.708 

Zircons lack inherited Pb 

l. 

2. 

3. 

4. 

s. 

s-type 

Narrow spectrum of felsic 
types 

Muscovite, monazite,cordierite 
and ilmenite occur. 

Foliated, associated with 
high grade metamorphica. 

>0.708 

Zircons have reverse discordia 
u-Pb (i.e. carry relic old 
zircon■). 

6. Relatively high Na2o 6. Na2o relatively low at 
high R2o values 

7. Normative diopside present. 7. Normative corundum present. 
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Fig,9, Sketch map of the British Isles •~owing the position of the three 
eonjeeted aubductlon zones active at various times in the Ordovician. 

52 



u, 
w 

NW SE 

WELSH BASIN 

< 150km--➔ 

WELSH 
BORDERS 

MIDLAND 
PLATFORM 

EAST 
ANGLIA 

sea level 
thin 

sediments - -- thick 
sediments 

Jn/,-, I 11 I/ ~I ~l fhi~ c::3~k~ ,\,; •. ~r~,._;~u~~ ini~1 I /~/ -/{/ .,..--;-/ -;-:(/;;-/ /,;/--;-/ --;-JI~// / / I~ ~ plut~:~• . -- 4/oho 

- Upper ~, an tie 

1-'lQ .10, SC'hCmJ.tic cross-sect lon thrnuqh W:iles and t-h~ Midlands o! l:nqlllnd. 
illustrating the events cnvU.J.ged in the l'l'iddle Ordovici.ln. L rnarks 
the position of t,clccster, with volcatiic structures indicated necarby 
.J.nd p1utons below. The anqle of &ubduetinn 11 shoWn 10\rf because it 
ta not f~r from the :i~is of sea-floor spreadinq beneath the Welsh 
mArqin~l b,sin, ~nd the basaltic crust is &till relativclt w~rm and 
of r-rhtivrly lo.., density. This produces '!IOre .:ind£>s1tcs and dacttes, 
nnd less b~s~lt ~sin the c~se of thP pte~ent day Andes. 



INTERPRETATIO~ 

Putting together the above individual interpretations, and in 
common with the many authors of the recent review volume •The 
Caledonidea of the British Isles• (Harris et al.1979), the Lower 
Palaeozoic palaeogeography of Southern Britain ia envisaged as 
a region of island arcs and marginal basins, with the true 
oceanic seas of Iapetus to the north and north-west. A true 
continent, the Baltic Shield, lay to the east, but it is still 
uncertain where the southerly extendion of the edge of the Baltic 
Shield might be traced, 

Bearing in mind the presence of buried granites under Britain, 
i.e. the Weardale, Wensleydale, Market Weighton, Warboys (described 
in Le Bas, 1981) and beneath the North Sea (Ziegler, 1978), and 
almost certainly there are more to be discovered, an interpretation 
ot the broad structural trends is shown in F'ig. S. So many igneous 
complexes, nearly all of calc-alkaline character penetrating thin 
continental crust, are powerful evidence for several lines of not 
necessarily contemporaneous island arc volcanism. A necessary 
tectonic corollary ia that subduction must have taken place. 

Restricting attention to southern Britain during the Ordovician 
three subduction zones are identified CFig.9). The earliest, south
eastwards under N. Wales is marked by the Low-X Tholeiitic and Cale
alkali basaltic and acid volcanic zones, through Snowdonia, with the 
Cale-alkaline rocks lying on the south-eastern aide. This appeared 
to operate during the initial stages of the Ordovician (Stillman and 
Francia, 1979). At the same time, the Welsh Basin was a back-arc 
tensional basin (Phillips et al. 1976), but by the middle of the 
Ordovician was under compression and closing slightly. 

It is suggested that this waa accompanied by aubduction 
south-eastwards beneath the Welsh Borders, and the Ordovician 
igneous rocks of Leicestershire mark th& calc-alkaline 
magmatiam consequent on this subduction. This second subduction 
process continued into the Silurian, and the fore-arc basin 
of Okada and Smith (1980) and its turbidite sequences is 
considered to mark small trenches aasociated with this subduction. 

The Silurian volcanism of Somerset and Gloucestershire 
(Van der Kamp, 1969) la further evidence of·such magmatism 
along this arc. This volcanism la calc-alkaline (Figs.1,4,5, 
6 and 7) with a tendency for the Tortworth lavas to be potassic. 
Stmilar former volcanicity is recorded 1n the central Welsh 
Borders (Sanderson and Cave,1980). Borehole data from 
Gloucestershire is beginning to reveal further LOwer Palaeozoic 
volcanism. 

The third zone of southerly subduction (F1g.9) was active 
during a period overlapping with that below the Midlands which ceased 
and then probably went into compression during the Upper Silurian. 
The southerly subduction zone beneath Northern England and 
Southwest Ireland is well documented (Fitton and Hughes,1970~ 
Jeans,1973; Stillman and Francis, 1979) all presenting broadly 
the same interpretation. 

Fig.10 presents a schematic reconstruction of the events 
associated with the second subduction zone during the middle 
Ordovician, and emphasises the critical role played by the 
rocks of the Leicestershire pluton. ' 
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P.JC.B.Maguire, D.N.Whitcombeand D.J. Francia 

ABSTRACT 

The installation of a permanent, short period, seismic recording station 
(Oil') 1n the northwestern corner of Charnwood Forest in 1974, has led to a 
considerable atuc!y of the Precambrian and t,ower Palaeozoic basement in and 
around Charnwood. Recently, this vork has been extended to provide• three 
dimensional IDOdel of the crust and upper mantle in thia relatively complex 
part of the Central Midlands of England. Various ■ei ■mic methods including 
refraction profiling, quarry blast recording and the analysis of areal array 
data have produced a picture of the rocks of Charnwood Forest being raised 
aome two kilometres above the surrounding Precambriary't,ower Palaeozoic floor, 
\rlhich itself has been faulted into well-defined horst and graben structures 
to the north and aouth-west of Charnwood and intruded by major igneous 
bodies to the north-east and south. The c:rust beneath Charnwood i ■ likely 
to be relatively thin, the lower crust having a high ■ei■mic velocity. 
CUrrent work indicates that the igneous bodies to the northe.sst and south 
of Charnwood can be identified aeiamically at least to depths of the order 
of 10 lull. 

In 1974, the Department of Geology at Leicester University 
installed a permanent, short period, three component seismic 
recording station (CWF) in the northwest corner of Charnwood 
Forest (Fig.l), with the permission of the Leicestershire and 
Rutland Trust for Nature Conservation. This station has been 
incorporated in a small aperture seismic array sited over 
Charnwood Forest, in three separate seismic profiles radiating 
to the east, southwest and northeast of Charnwood and finally 
in a large aperture array sited over central Leicestershire to 
examine the deep crustal structure beneath Charnwood itself. 
The principal seismic work undertaken between 1975 and 1980 has 
thus been organised around the permanent station, CWF. 

THE CHARNWOOD FOREST RECORDING STATION 

CWF is sited on the boundary between the Maplewell and 
Blackbrook Groups of the Charnian Supergroups (Watts, 19471 
Moseley, 1979), just beneath the Hanging Stones in the Charnwood 
Lodge Nature Reserve. Signals from the three Willmore Mark III 
seismometers are amplified and frequency modulated for transmission 
down a 150 metre multicored cable to Charnwood Lodge Cottage. 
From here they are multiplexed and transmitted via a PYE 5 watt 
transceiver to the Geology Department at Leicester University, a 
distance of 18 km. Here the signals are demodulated and recorded 
on a Racal Geostore, slow speed, multi-channel tape recorder, 
together with the MSF time signal broadcast from Rugby on 60Khz. 
One channel is continuously played out on a Lennartz paper 
recorder for immediate monitoring of seismic events. The station is 
now financed by the Institute of Geological Sciences, as one of 
the primary stations in their Midlands seismic monitoring network. 
Data from a single vertical short period seismometer at CWF is 
also transmitted via a Post Office line to the Atomic Weapons 
Research Establishment at Blacknest near Brimpton, Reading, for 
the continuous monitoring and detection of underground nuclear 
explosions. 
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THE CllARNWOOD FOREST ARRAY 

For five months over the winter of 1975-1976, CWF was 
supplemented by a further seven, short p~riod seismometers sited 
over Charnwood Forest, forming a 5km aperture seismic array (Fig.l). 
Analysis of seismic wave first arrivals from eleven quarries and 
two controlled shotpointa within 50km of the array has revealed 
both lateral and vertical variations in the velocity of seismic 
waves in the rocks beneath Charnwood Forest. (Whitcombeand Maguire, 
1980). The Charnian rocks themselves consist of meta-sediments 
and volcanica folded into an asymmetrical anticline which plunges 
gently to the southeast. These rocks have been divided into three 
groups, the Blackbrook, Maplewell and Brand Groups. The 
oldest, the Blackbrook Group, in the core of the anticline, 
consist of fine grained tuffs. The Maplevell Group are coarse 
volcanic breccias and lapilli tufts while the youngest, the 
Brand Group, are epiclastic sediments consisting of coarse and 
medium grained greywackes, quartzites and shales. The Charnian 
rocks are intruded in the north-east by the North Charnwood 
diorites, and in the southweat by markfieldite sheets. A aeries 
of porphyritic dacite lavas were erupted contemporaneously with 
the Maplewell Group sediments in the northwest. 

AA examination of the travel time 4ata from the various 
shotpointa into the array stations, reveals that arrivals that 
have travelled through the central-part of the array, approximately 
corresponding to the outcropping area of the Blackbrook Group, are 
delayed relative to arrivals that have not crossed this central 
region. Using reduced travel tiues and the time-term method of 
inversion of seismic data into a velocity-depth structure 
(Willmore and Bancroft, 19601 Whitcombe and Maguire, 1979) it 
was found that the velocity of seismic P-waves in the Blackbrook 
Group was approximately S.4 km/s. A peripheral region, where 
Maplewell rocks are mapped was found to have a P-wave velocity 
of approximately 5.65 km/a. A horizon, possibly related to the 
North Charnwood diorites, with a P-wave velocity significantly 
greater than the Charnian rocks, has been identified at a depth 
of about SOO to 700 metres in the north-east of Charnwood 
Forest. Finally, a basement retractor to the Charnian roe~• 
was detected at a depth greater t~an 2 km.· Due to the complexity 
of the structure and to the limitations of the data, the velocity 
and depth of this refractor are uncertain. However, the results 
are not inconsistent with it being equated with a Pre-Caledonian 
basement layer defined in northern England by the LISPS experiment 
(Bamford et al 1 1977). 

SEISMIC PROFILES R.•.DIATING FROM CHAP.NWOOD FOREST 

The result~ from the Charnwood Forest array study, in particular, 
the derivation of velocities for the Charn1an rocks them.selves, have 
been used to control the interpretation of three aeiemic profiles 
radiating to the east, south-west and north-west of Charnwood, 
undertaken during the summers of 1976 and 1977 (Whitcombe and Maguire, 
in press). The aims of the three p~ofilea were to investig~te the 
contact of the Charnwood block with the surrounding Phanerozoic 
sediments, and to define the nature of the basement to these sediments. 
The first of the seismic profiles, the Eastern Seis~~c Line crossed 
a poscible buried northern extension of the Caledonian Mountsorrel 
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granodiorite complex. (Fig. 1). The second profile, the South
~-estern Seismic Line, examined the relationship of the Charnwood block 
to the Precambrian outcrop at Nuneaton, and also the nature of a small, 
closed gravity and aeromagnetic anomaly between these two areas. The 
third profile, the Northern Seismic Line, crossed a aeries of positive 
gravity anomalies extending across the postulated mouth of the 
Widmerpool Gulf (Falcon and Xent 1960) and terminated at the southern 
end of the Derbyshire dome. All three profile■ recorded quarry 
blast arrivals on linear arrays of vertical seismometers aet out at 
approximately l - 1.5km spacing5 along the profiles. 'l"Wo controlled 
explo3ions were set off at Holwell and at Cream Lodge, near Melton 
Mowbr~y, on the Eastern Ceismic Line. The Northern Seismic Line 
was dog-legged in order to by-pass the town of Derby, and to pass 
through Cloud Hill quarry, near Breedon-on-the-Rill, which acted 
a~ a shot point for this profile. All the d~ta were analyaed 
u3ing reduced travel times and the time term method of inversion. 

All three seismic lines h~ve mapped refractors with P-wave 
velocities of approximately S.7km/s (Fig.2). From the results of 
the Chamwood Forest array study, it is considered that these 
refractors are Ch~rnian rocks. This la supported in the case 
cf the Southwestern Scism.le Line by the retractor being mapped at a 
dopth of 1.5km while boreholes in this area have reached Stockingford 
shale& of Cambrian age at a depth of only approximately 300 metres. 
It is possible, however, that the retractor 1■ t.ower Cambrian, 
similar to the Hartzhill quartzite& of the Nuneaton area. The 
equivalent retractor mapped at a depth of approximately 2 km beneath 
the Eastern Seismic Line la also considered to be Charnian, as the 
velocity is higher than would be expected for any of the younger 
sedimentary reeks in the area. Velocities greater than 5.6km/a 
are possible for block faciea Carboniferous limestones, but 
boreholes ha\-e shown the limestones in the area to be Culf faciea 
which usually have a lower P-wave volocity. Again it la possible 
that the rofractor is Lawer Cambrian. The velocity found fan the 
'basement' retractor on the Northern Seismic Line is again about 
S.7km/a. Presuming this to be Charnian impliea that Precambrian 
basement exists at a depth of 2 km beneath the southern flank of 
the Derbyshire dome. Maroof (1973) ha■ predicted between 130 and 
300 metres of Carboniferous Limestone in this area, implying a 
l.B km thickness of Lower Palaeozoic rocka beneath the Limestone 
and above the Charnian. It is considered that Old Red Sandstone, 
Ordovician Mudstones (proved in the Eyam borehole, Dunham 1973) 
and possibly Stockingford Shales, similar to those found in the 
Nuneaton area, constitute this l.Bkm thick section. All these 
rocks would be expected to have velocitiea of 5 km/a or leas, within 
this depth range (Faust, 19511 Bullerwell, 1967). 

Both the Eastern and Southwestern Seismic Lines have crossed 
regions in which the basement velocity structure 1■ significantly 
different from the adjacent Charnian-type basement. Both anomalous 
regions are associated with positive aeromagnetic anomalies and near 
to known igneous intrusions. The derived retractor velocities are 
equivalent to value■ obtained from those nearby igneous bodies 
(khan, 19731 Maroof, 1973) and in each case are characteristic of 
granitic intrusions ( Birch 1958). It is considered therefore 
that the intrusion crossed by the Eastern Seismic Line is a northward 
continuation of the Mountsorrel granodiorite while that crossed by 
the Southwestern Line is most probably a northweatward continuation 
of the South Leicestershire dioritea described by Le Bas (1972). 
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The control on the velocity structure of the sediments beneath the 
Northern Seismic Line was very poor. For the Eastern Lina the 
sediment velocity increases steadily with depth through the Jurassic, 
Triassic and Carboniferous rocks. The first arrival times do not 
indicate a large velocity discontinuity between the Cambrian 
Stockingford ■hales and lower velocity, overlying sediments. This 
is either because these Cambrian rocks have a aimilar or lower 
velocity than the Carboniferous limestone, or because they are 
absent beneath this line. The stOckingford ■hales are absent from 
the Sproxton borehole 15 km to the east of the line. In contrast 
an Boo metre thick graben of Stockingford ahales has been mapped 
beneath the aouthern half of the Southwestern Seismic Line. These 
rocks are overlain by lower velocity strata whose thickness to 
the east of the Eastern Boundary Fault of the Warwickshire 
coalfield must be between approximately 600 to BOO metres. 

The graben between the Precambrian of Charnwood and Nuneaton, 
bounded by the Eastern Boundary Fault of the Warwicks~ira coalfield 
and the Thringstone Fault, is itself broken by a basement horst 
which is postulated to be intrusive. The position of the horst 
correlates wall with ah observed positive gravity anomaly and a 
small positive aeromagnetic anomaly. The Eastern Seismic Line 
has revealed no major fault boundary between the sediments of the 
Widmerpool Gulf and the Precambrian rock• of Charnwood Forest. 
The basement dips away to a maximum depth of approximately 2 km 
at the eastern end of the line. A nwnber of basement faults 
with throws of the order of 100 metres have been resolved by the 
profile. One coincides with the postulated position of the Soar 
Valley Fault (Lowe, 1926) which may be a continuation of the fault 
truncating the northeastem edge of the Mountsorrel granodiorite 
complex predicted by Davies and Matthews (1966). The basement 
refractor beneath the Northern Seismic Line, down faulted 
immediately to the north of Charnwood Forest, dips away to 
southern flank of the Derbyshire dome to a depth of 2 km. 
retractor is faulted into horst and graben structures, the 

~e 
This 

horst 
blocks correlating with positive gravity anomalies. This 
refractor correlates well with the •a0 • refractor defined by the 
LISPB profile, but the interpretation suggests that it may be, 
not only Lower Palaeozoic (Bamford et al 1977), but, in part, 
Precambrian, similar to the meta-sediments.and volcanics of 
Charnwood Forest, 

DEEP CRUSTAL STRUCTURE BENEATH CHARNWOOD FOREST 

Following the near-surface crustal seismic studies, a 
concerted effort has been made to resolve the velocity variations 
deep in the crust beneath Charnwood Forest to see if they correlate 
with, and therefore possibly control, the near-aurface crustal 
and geological variations, 

A"first study (Maguire, et al. 1981) involved the 
determination of the relative P-wave delay (tong and Mitchell, 1970) 
between CWF and EKA, the Eskdalemuir Seismological array, 
(Truscott, 1964) in the Southern Uplands of Scotland, This method 
presumes that the difference in the arrival times of seismic waves 
from distant, teleseismic earthquakes from those predicted from a 
mean earth model for the two stations, is due to a difference in 
crustal and upper mantle atructure beneath the stations. Simple 
inversion of the relative delay in terms of velocity-depth models 
can only be undertaken if there exist other controls on the atructure, 
and even then they will only provide a very coarse picture of the 
crust and upper mantle of interest. 
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In the case of EJCA, the structure in the vicinity of the station is 
moat probably complex, geologically, due to its proximity to the 
Southern Uplands fault and the suture of the vanished Yapetus ocean 
(Dewey, 1971). However, geophysically, the crustal and immediate 
sub-Moho structure are relatively well defined (Agger and Carpenter, 
1964: Jacob, 19691 Bamford et al, 19771 Faber and Bamford, 1979). 
The crust and upper mantle are poorly defined beneath CWF. AAalyeie 
of 45 teleseismic events originatin9 out to 100 degrees angular distance 
along the Earth's circumference from Charnwood Forest, shows a 
surprisingly large azimuthal variotion in the relative P-wave delay 
between CWF and EKA. It is found that the data is consistent with 
(1), a simple, southward continuation of the crustal structure 
defined bi the LISPB profile for northern England, implying a 
relative y thin crust of about 30km thickness beneath Charnwood 
Forest, including a relatively thick section of high velocity (most 
probably greater than 7 km/s)lower crust, and (2) a region to the 
northwest of EXA which appears to be 'speeding up' seismic rays 
entering the crust just to the south of the Southern Uplands Fault. 

This very preliminary study ~as been followed by a further 
project involving the deployment of a six element, 30 km aperture 
array, centred on Charnwood Forest and CWF, and operated for 15 
months during 1978 and 1979. 193 teleseismic events with sharp 
first arrival onsets have been examined using a relatively untried, but 
powerful method of inversion of arrival times into a three~dimensional 
velocity structure beneath the array. (Aki et al, 1976). Initial 
results indicate that velocity variations within the top 10 km of the 
crust appear to correlate with near surface geology, in particular 
low velocities being associated with the igneous intrusions to the 
northeast and south of Oiarnwood. Velocity variations in the lower 
crust are complex, while those at the depths of the Moho and 
immediate upper mantle are strongly orientated in a northwest to 
aoutheast direction, possibly indicating deep crustal and upper mantle 
control along a Charnian trend. 

CONCLUSIONS 

The Central Midlands of England have been used as a study area 
by the Geophysics group at the University of Leicester, examining 
crustal and upper mantle ■ tructure, using a ·wide range of seismic 
techniques. The work, pivoted on the permanent seismic recording 
station, CWF, in the north-west of Charnwood Forest, has, since 1975, 
resolved a velocity model of the Central Midlands to greater and 
greater depths in the crust. The model shows how the Precambrian 
rocks of Charnwood Forest dip beneath the Phanerozoic cover to the 
north, south-west and north-east (Fig.2) and how the Charnian 
basement is intruded to the north-east a"d south-to-southwest 
of Charnwood by major granitic intrusions which can be identified 
to depths of the order of 10 km. The lower crust appears to have 
a relatively high seismic velocity, and la situated above a Moho 
at a depth of about JO km. Present work indicates that the Moho 
may be dipping in a north-east to south-west direction, i.e. striking 
parallel to the 'Charnian trend'. 
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Trans. Leicester Literary & Philosophical Soc. Vol.75 1981 

APPRAISAL OF THE PAPERS ON 
THE HIDDEN DEPTHS OF LEICESTERSHIRE 

Sir Peter Kent 

The symposium at Vaughan College on 29th November 1980 
provided a notable presentation of unpublished and ongoing 
research on the subsurface rocks of the county, covering a 
wide sveep of geological problems. 

The methodology of research into the concealed rocks 
came into a number of contrasting papers - w. A. Read 
describing the approach of IGS and making warning noises 
about the cost of the operations, M. Davies relating the 
historical changes and results of BP's oil exploration 
trethods I P. Maguire explaining the commendable work on 
deep structures done in and around Chamvood on a very 
limited budget by Leicester University, and p. Jones 
demonstrating recent detailed work by the National coal 
Board at intermediate depths. Clearly there is justification 
for both the elaborate and expensive operations directed at 
potential economic wealth and for more general and academic 
studies of different but fundamental importance. 

In the presentations there were emphases on various 
different structural trends. The eastvest Widmerpool Gulf, 
largely developed in the Laver Carboniferous but the site 
also of the Northeast Leicestershire (Belvoir) Coalfield, 
known to have been an active structure in the Mesozoic and 
still the site of earthquakes, came into various studies 
and will continue to be an area of interest for coal and 
oil, though it may well be prove to be quite impracticable 
as a site for disposal of radio-active waste. 

M. J. Le Bas has reinterpreted the data on concealed 
intrusions particularly granites, as m:ire consistent with 
NE-SW (Caledonian) or E-W (Caledonian) trends than NW-SE 
(Chamian) trends. But at least from Chamvood northwards 
the NW-SE trends are clearly dominant, vith NNW and WNW 
folds and faults controlling the Derby-Notte coalfield 
structures, a coalfield limited to the east by the NW-SE 
Eakring-Foston uplift, and with magnetic and geothermal 
anomalies among the largest in Britain, trending southeast
vards from the northern Pennines across East Lincolnshire 
to the Wash. 

The critical position of Leicestershire in the British 
geological scene is emphasised by the contrast between the 
depths of the pre-carboniferouatloor in the Widmerpool Gulf 
in the north, where it lies at 10,000 ft or more, and the 
terrain from Leicester southwards, where it is often only 
500 ft below sea level. It is a remarkable thought that in 
travelling from Leicester southwards, across the peaceful 
landscape of gently dipping Mesozoic sediments, the complex
ities of the Palaeozoic and the Precambrian rockS lie only 
the length of a large field beneath the surface. So close, 
but still a most fertile subject for research. 

sir Peter Kent, F.R.S. 
38 Rodney Road, 
West Bridgford, Nottingham. 
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Trans. ~eicester Literary, Philosophical Soc. Vol.75 1981 

DRESDEN 1978-1979 
John Gough 

The historic centre of the capital of Saxony, well 
knovn to many generations of travellers from this country, 
was largely destroyed in the night of 13/14th February 1945 
in one of the worst and perhaps one of the most pointless 
of the bombing raids of the Second World War. After that 
war, Saxony cane under :Russian oc:cupation, and in 1949 
became "Part of the country ve generally call East Germany. 
we have had full diplomatic relations with East Germany 
only since 1973, and only recently has it been reasonably 
easy to travel again in that country. But to travel as a 
tourist in a foreign country is not really to get to know 
that CO\lntry well. The chance to spend a year teaching in 
the University of Dresden gave the opportunity to see hov 
things had changed in t.he last thirty-five years in the 
city itaelf, and also to experience everyday life in one 
of the least known countries in Europe today. 

TM scale of destruction wrought by Allied bombing or 
Dresden ia vell known. The ll'IOBt important thing to be done 
after t.ha var was to provide the means for industry to 
begin vork again. And it vaa also essential to h6use the 
people. As 37" of all residential buildings had been 
destroyed this posed great problems which have still not 
been completely overcome. Compulsory sharing of houses and 
a strict system of ■pace allocation vas necessary. Gradually 
things have improved, and the end oft.he housing problem is 
nov in •i9ht, though there is still much to be done, and the 
waiting lists for new and improved housing are far longer 
than the authorities consider acceptable. But the nev flats 
are built to high standards, and offer quite generous 
accommodation. Rents are controlled and low, fuel costs 
are low, and there are efficient a~ea central heating 
systems providing more than adequate warmth even under the 
worst conditions. In the inner city there is little private 
housing, but in the suburbs private ownership is still 
extensive, and building one's ovn private house is encouraged 
by the authorities and subsidised. In addition, very many 
people vho rent a flat in the city ovn a tiny bungalow on a 
patch of ground somewhere outside in the country, where they 
spend their weekends and their summer evenings. The comment 
is often heard from foreign visitors that East German cities• 
look drab places, with the block& of flats needing paint 
and their grounds not as veil cared for as they might be. 
This ia true, and ia admitted to be so by the peoplet there 
is not the same incentive to look after the local authority•s 
property as there is to look after one's own. The insides 
of the flats are beautifully kept, but one must go to the 
villages to see property looking vell cared for on the out
sideal 

Restoration of the historic buildings had to take 
second place to the needs of industry and housing, but sorre 
vork vas done even in the earliest years. Basically, those 
buildings to be restored vere made sate until work could 
begin on the ruins, and t.hose so greatly ruined that 
restoration was not possible vera razed to allow the land 
to be redeveloped. First to be restored was the Theatre, 
and at the same tirne work on the Zwinger, that symbol of 
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Dresden, was begun, The new town hall and the main station, 
neither of which was damaged beyond repair, were also 
restored early, with some simplification of their elaborate 
tum-of-the-century architecture, The tovn hall tower -
like, surprisingly enough, almost all the towers of the 
city - had survived the bombing intact. Only the 
Frauenkirche was lost of the great buildings forming the 
skyline of the city. The buildings in the historic area 
along the Elbe have been to a great degree restored now, 
though sone work remains to be done, most notably on the 
royal palace, much of which is still a gaunt ruin, At 
present the Opera House is being worked upon, very care
fully and very thoroughly, and it is hoped that it will be 
back in use in about three years• time. That will be 
followed by the palace. Work has been done on the other 
side of the river too, so that the river view of Dresden 
is not really so very greatly different from that that a 
pre-war visitor to the city would recognise. Loving care 
is the hallmark of the restorAtion work. 

Where rebuilding has taken place in the central area, 
the worst excesses of nodern architecture seem to have 
been avoided, and respect has been shovn for the past. 
Best of all, tha erection of high buildings in the centre 
of the city has been avoided, so that there are no concrete 
towers to rear up above the old towers of the city and 
spoil the skyline, The lack of money for rebuilding very 
much in the fifties means that the monstrosities of one 
of the worst recent periods have been avoided. A little 
was done then, but is relatively neutral, like the re
building of the Altmarkt. There is only one creation in 
the oppressive Stalinist style, and that is the College of 
Transport. Luckily it is on one side of a large square, 
with plenty of trees around, and so does not dominate as it 
might in more closed surroundings. Hore rebuilding got 
under way in the sixties, and that has been surprisingly 
successful. The new shopping area of the Prager Stra,e 
is a concrete-and-glass area, but vell spaced out, and 
attractively landscaped as a pedestrian area with plenty 
of greenery, and - best of all - plenty of water. Great 
care is being taken not to allow the city to be spoilt 
architecturally, and the results of that care are beginning 
to appear very clearly - an attractive modern city, yet 
fully incorporating such of the old as it has been possible 
to restore, Obviously after such destruction as occurred 
in 194S much has changed, but much does remain that would 
be familiar to Dresdeners of the last two hundred years. 

As for life in the city, in many ways it remains very 
traditional. The way in which people enjoy themselves ls 
much the same as in any other German city,and it is a 
matter of popular complaint that there are not enough pubs 
and cafes in which to sit and pass the time of day. As for 
shops, the number in the centre is relatively small, and 
one must go to the inner suburbs to find the usual shopping 
etreets that we expect of a European city. In the middle 
the pattern is for there to be a few shops and each of a 
relatively large size. But for everyday goods one relies 
on the local supermarkets, and these are very well stocked 
with everything normally needed. The East Germans certain
ly do not go short of food and drink, and there is plenty 
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of meat, good coffee, chocolate, and so on - all the things 
that we so often hear of a8 being in short supply in some 
East European countries, The only real problem is fruit, 
which is very seasonal in supply. Western goods can be 
bought for the Mark in Delikat (food) and Exquisit (clothing) 
shops, at the real rate of exchange - and because basic 
prices for housing, food, transport, and so on are so low, 
the people have plenty of rooney to spend on high-priced 
luxuries - and they can be bought against hard currency in 
the Intershops. I found no real need to frequent these hard 
currency shops, Most consumer goods can be obtained easily 
and without waiting, but there are exceptions. Deep freezers 
and sewing machines are in short supply, and cars are in very 
short supply. Although a surprisingly large proportion of 
people have cars, many are old, The waiting list for a new 
car can be ten years or roore, It is also difficult to obtain 
a telephone, and for that too the wait can be numbered in 
years. Although one can dial calls internationally from 
street-corner telephone boxes, the line-capacity is such 
that it can be a very difficult job to get through to Berlin 
during peak hours in the morning. It is just like the 
English system twenty years ago, 

Dresden is of course a tourist centre, drawing visitors 
from all over the world. From the East of Europe large 
streams of visitors come from Polilfid and Czechoslovakia, 
from which countries visa-free travel is possible. The 
Czechs are welcome enough, but there is considerable annoy
ance am:,ngst the local people at the way in which the Poles 
try to cone and empty the city-centre shops of all the 
German goods that are not available from Polish production 
in their own shops at home. It was in~eresting to note that 
most of the barbed jokes that one heard that were not aimed 
at the politics of the German Democratic Republic were 
aimed at the Poles, The only time I ever saw a train 
actually being taken apart for a customs search was in 
G8rlitz station, on the present bordervith Poland, 

It need scarcely be nentioned that there is a rich 
cultural life in Dresden, The museums and art galleries 
have been both restored and extended, and most of their 
treasures survived the war. Theatre and opera flourish, 
and there is a very wide range of concerts and recitals, 
There are two old-established orchestras in the city, and 
a fine new concert hall, As already rrentioned, the famous 
opera-house, scene of so many premieres, is now being 
restored. Meanwhile, opera and theatre share the former 
Court Theatre building. Concerts and recitals take place 
also in the churches, especially in the Kreuzltlrche, the 
home of a famous boys• choir. In the Hofkirche the 
Silbermann organ was taken to safety during the war, and 
is now back in its place as the only organ by Silbermann 
to survive in the Saxon capital. It is regularly used for 
recitals. And all these things are within the price-range 
of the ordinary person. The best seats at the opera 
normally cost 10,- M, or a little over £2 at today•s rate. 
For well under LS one can have a good seat, a meal before 
or during the performance, and an interval drink. An 
excellent public transport system gets one efficiently 
to and from the theatre. As for the museums, an annual 
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season-ticket came by courtesy of the trade union - something 
hardly conceivable in this country. An the season-ticket 
had the great advantage of allowing one to jump the queues 
of tourists on swmner Saturdays - no mean privilegel 

It vas impossible not to be struck by the friendliness 
and hospitality of the people amongst whom I was working, by 
the invitations to take part in their normal enjoyments, the 
coffee and cakes. the beer-drinking, the excursion into the 
beautiful surrounding countryside at the weekends, and the 
afternoon spent lazily on the small garden plot just outside 
the city itself. Entertainment counted for a great deal, and 
hospitality was a valued tradition. Indeed, the strong 
elenent of traditional German life cannot fail to impress 
the vis! tor. It is very much now a matter of policy to 
stress the histo~ical continuity of the state, with the DDR 
seeing itself as the successor to all that vas good of the 
earlier Germany, and even as the successor of the best of 
the old military traditions. 

The city of Dresden itself has a very strong pride in 
its past. Its old rival is the other greatsaxon city of 
Leipzig, but the two are very different. Leipzig was the 
great commercial centre - and still is. Dresden was the 
Residenzstadt, and its people still seem to think of them
Belves as rather better than the Leipzigers. But quite apart 
from this inherited pride, one interesting manifestation of 
\ihich is the way in which the public transport vehicles carry 
no town-name, but merely the seven-hundred-year old shield 
of Dresden (the lion rampant of Meissen and the vertical bars 
ot Landsberg ln black and gold) to identity them, uniquely in 
the DDR, the Dresdener has also the superb setting of the city, 
on a great bend of the river Elbe, already large, and with 
very big open spaces coming right into the middle of the city, 
to enjoy, and the superb countryside of the Snon 
Svitzerland round about. It is a good place to live, and 
vell worth the pride its inhabitants have in it, 

It may well be that life in East Germany after the war 
vas grim and grey. That is no longer true. The country may 
not be as rich as West Germany has become, but it nov 
compares very favourably with declining Britain. And 
certainly for one university lecturer, a year in Dresden on 
the normal academic salary scales provided a higher standard 
of living than is possible in this country. And as a city, 
Dresden - despite the destruction wrought in that terrible 
night in 1945 - has far more to offer than most of the cities 
of Britain. 
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VOLCANIC ACTIVITY IN ICELAND 
E. A. Escritt 

The whole of Iceland is composed of volcanoes and 
volcanic rocks. Volcanoes, like people, show a remarkable 
individuality in form, make-up and behaviour pattern and 
are difficult to classify on these characters as people are. 
The largest volcanoes are about 109 times larger than the 
smallest. Some have steep slopes and others have slopes which 
are barely perceptible. Some are composed entirely of lava 
flows, or pyroclastic deposits (ashes (•tephra), bombs, 
lapilli etc) and all proportions of these and other types of 
volcanic products are found. Even though basaltic activity 
predominates every Icelandic volcano is different. In 
Iceland supra-volcanic glacial ice has influenced the 
nature of both the lava (palagonite) and the resultant 
'table mountains•. 

The number of recognisable Quaternary volcanoes in 
Iceland probably exceeds 200 of which about 15% are lmovn 
to be active and about 10% have been carefully studied. 
Some are monogenetic• they erupt once only and then die. 
Others are polygenetic and have a life which can span several 
million years encompassing many thousands of eruptions. The 
currently active Krafla central volcano, which last erupted 
continuously between 1727 and 1729, has eruptions lasting 
2 - 3 hours at 6 - 9 month intervals, the prehistoric Askja 
caldera erupted explosively in 1875 (an "acid" eruption), 
mildly in the 1920s and 1930s and again in 19611 Helgafell 
on Heimaey was thought to be dormant until it surprisingly 
erupted in 1973. Eruptions occur in Iceland every 3 - 5 
years. 

The three main factcre controlling the nature of 
volcanic products and hence the form of volcanoes are 
believed to be the viscosity, gas content, and volumetric 
rate of effusion of its magmas during eruptions. Viscosity 
controls the thiclmess of lava extrusions. It also controls 
the explosivity of eruptions by determining the ease vith 
vhich gases escape. The gas content of the magma determines 
whether the eruptions are of gas blast (Viti), pelean 
(Surtsey) or lava effusion type (Krafla). The effusion rate 
controls the distance that lava flows travel from their 
source. 

The overall form of a volcano can be simply related to 
these three variables provided the three show relatively 
little variation from one eruption to another. Thus Mauna 
Loa in Hawaii, Etna in Sicily, and Fuji in Japan are three 
low-viscosity/low gas volcanoes which form a morphological 
series in which the striking differences in morphology can 
be attributed to differential volumetric effusion rates1 and 
Mont Pelee in Martinique may exemplify an end member of 
another series of volcanoes with high velocity/low gas magmas. 
Icelandic equivalents to the first series may be represented 
by Skjaldbreidur ('broad shield'), Herdubreid, and Hekla. 
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The second series is scarcely represented, though 
Hlidarfjall at Hyvatn is an •acid" volcano. 

One complication is that similar mrphological forms 
can arise by quite different mechanisms, as is illustrated 
by the lava shield of S~jaldbreidur and the ignimbrita 
shield of Latera/liolsena (Italy)1 the acid dome of 
Hlidarfjall at Myvatn and the basic done of sub-glacial 
Herdubreid1 the ash cone of Hverfjall and the pseudocraters 
of Skutustadir. Another is that catastrophic destructive 
events also play an important part in shaping volcanoes and 
give rise to calderas (Askja) and other major collapse 
structures (Gjastykki). These destructive events can be 
regarded as accidents in the history of a volcano, accidents 
the effects of which may be repaired, although ll'Dre-commonly 
the accidents are repeated (Askja and Viti). 

Lying as it does astride the Mid-At1antic Ridge, 
Iceland's volcanic history ia complicated by complex tectonic 
disp1acement and the high mobility of the under1ying magma 
as it migrates from one chamber to another and back again. 
Emissions of geothermal heat are not constant along the 
Ridgel they occur at several hotspots such as Grimsvotn, 
Kverkf'joll and Krafla. 

In spite of the limited harmful effects, volcanic 
activity has been put to good use. Geothermal energy 
provides electricity, hot vater and heat for self-sufficiency 
in greenhouse produce. At Myvatn heat is used to make bric1cS1 
ash is used as decorative building material and road 1r1etal1 
tourism thrives on volcanic activity and lD'lique lava 
ceramics. Volcanoes• like people, may have a heart of gold. 
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SECOND THOUGHTS ON THE TURIN SHROUD 

Philip Mdlair 

Some important developments have taken place in the 
field of aindonology (as the study of this subject is knoVn) 
since ths last public exposition of the Shroud in the autumn 
of 1978. The scientists who formed part of the 'Shroud of 
Turin Besearch Project\ and vho vere permitted t.o scrutinise 
the relic tor five days in October of that year, voluntarily 
entered into a self-denying ordinance vhereby they agreed 
not to divulge their findings during the next tvo years -
that is, not before 15 October 1980. But one top-ranking 
US microscopist seems to have been determined to leak his 
conclusions to the press a good month before that dateline 
had been reached, and ao gain a heatt-atart on hi• colleagues. 

Until September 1980 it was taken as a major premise in 
all deductions about the Shroud that there vas positively no 
sign of any pigment. on the image, just as there vere no 
visible brush-markB. This vas conrDn ground to all 
scientists and historians vho had examined the relic at 
first or second hand. But just under three months ago a 
bombshell exploded which rocked the world of aindonology. 
Ort Thursday. 11 September 1980, Dr Walter c. Mccrone (of 
the Mccrone Jtesearch Institute, Chicago, Illinois) gave an 
off-the-reeord address to a private neeting of the British 
society for the Turin Shroud in London, repeating the 
substance of his lecture to an audience in Cardiff the 
following day. On both occasions the nub of what he said 
boiled down to the fact that he believes that the Turin 
Shroud is a medieval fake, and that be bases hia belief 
on the alleged presence of iron oxide on the surface of the 
cloth. Asked at the London meeting for an on-the-record 
statement, Dr McCrone said• •1 believe it is a fake, but t 
cannot prove it • , • There ls a great deal of artist• s 
pigment on the Shroud. A Jnajor portion of the iJDage 1• in 
artist's pigment. Hov he did it I cannot•say•. Mccrone 
added that if radio-carbon dating vere applied to the Shroud 
it would cons up with the data August 1356 - but it is hard 
to believe that bis tongue vas not in bis cheek at this 
paint. 

Dr Mccrone•• conclusions have certainly put t:he cat 
arong the pigeons, but since its first known appearance the 
Shroud baa been Ula subject of intermittent controversy. 
The battle over its authenticity vaa joined in the 14th 
century, and involved tvo !'rench bishops and the Pope. It 
died down in the 15th, but hotted up again in the 16th with 
the Protestant Jteformation, the Shroud vas one of the relics 
specifically ridiculed by Calvin. The controversy died doVn 
again in the 17th, 18th and 19th centuries, to f1are up vith 
a vengeance once more at the beginning of this century. 
With the enormous revival of interest in the Shroud Yhich 
preceded - and has long outlasted its public exposition in 
1978, the fight is very decidedly on. 

People vho visited Turin in September 1978 were made 
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painfully aware that if, on the one hand, the Shroud drev 
hundreds of thousands of Christians together from diverse 
traditions, on the other hand it proved a lively bone of 
contention even between Catholics of different persuasions 
in that city. As might be expected, the focal point of 
opposition to the relic was the high1y articulate Protestant 
publishing house of Claudiana in Turin1 but what might not 
be expected is the fact that the authors of the most 
vigorous monographs issued by these publishers against the 
Shroud were not Protestant but Catholic. 

This antisidonist attack was well expressed in La Luce 
for Friday, 8 September 1978, and also in the book entitled 
Dossier sulla Sindone (Claudiana, 1978). lt deprecates what 
it calls 'the relic mentality•, which seekS some physical -
as opposed to spiritual - evidence for the life of Jesus 
Christ and the truth of Christianity. It reminds us that 
Our Lord continually refused to give people positive proof 
of Who He was1 that Christians walk by faith, not by sightJ 
that St Paul wrote to the Corinthians• •Even though we have 
known Christ after the flesh, yet n°"' henceforth know we 
Him no more•, The Protestants of Turin, ably abetted by some 
of their Catholic colleagues, accused the champions of the 
authenticity of the Shroud of putting the cart before the 
horse, and when I was in their city in September 1978 one of 
the local pastors ot the Reformed Church declared that he did 
not believe that Jesus Christ was the son of God because he 
raised Lazarus from. the dead, but rather that Ke raised 
Lazarus from the dead l"ecause He was the Son of God. 

Did not the disciples of Jesus, then, share what the 
Turin Protestants deplore as 'the relic mentality'? 
Evidently not - or at least there is no evidence at all that 
they did. It is a very remarkable but incontrovertible fact 
that apart from the Shroud there is no relic from t.he life 
of Christ preserved anywhere today whose authenticity could 
stand up to the sort of rigorous scrutiny that twentieth
century science would demand - no lock of His hair, no item 
of His clothing, no nail-parings even. The Turin Shroud is 
unique. Things Jesus made with His hands did survive His 
death (according to Justin Martur), but they have not been 
preserved1 and the really interesting thing is that nobody 
seemed to want to preserve them as relics. 

It vas because the disciples believed that Jesus had 
passed through death and was gloriously alive that ther 
appear to have treasured no relics or His passion or H s 
person. And it was because their successors - several 
generations later - lost this sense af the spiritual 
presence of Christ in their midst that they began to cling 
to the least physical evidence of His historical existence• 
but by this time they were probably too late, for most of 
the evidence had been obliterated by the passage of centuries. 
It would be fair to say that Catholic relics, on the whole, 
are not apostolic, nor even sub-apostolic, but very much 
post-apostolic. They obeyed the law of supply and demand, 
and the demand for them was not felt until the conscious
ness ot the galvanic reality of Christ•s resurrection had 
practically withered away and died. 
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This makes the question of the authenticity of the 
Turin Shroud an absorbing and teasing puzzle. If as 
rational people we explore the fake hypothesis, we face 
the obvious difficulty of determining the epock of the 
fraud with regard to the development of technical skills. 
Four epochs have been proposed by different historians who 
dispute the Shroud's authenticity• the 7th, 14th, 16th and 
19th centuries. All four have their supporters1 but 
pundits who argue for the 16th or 19th centuries face the 
embarrassing fact that the image on the Shroud has been 
reproduced - with varying degrees of crudity and refinement -
by artists from the second half of the 14th century onwards, 
Those who postulate a forgery before the second half of the 
19th century have to accoW1t for the mysterious positive
negative photographic effect verified by Secondo Pia in 
18981 and everyone who supports the fake hypothesis has to 
explain the quite extraordinary scientific verisimilitude 
of the image on the Shroud, for instance, the phenomenon 
of wrist-nailing in crucifixion, and the flexing of the 
thumb across the palm of the hand as a result of the nail 
touching the median nerve. 

Despite the alleged and much disputed findings of 
Dr Walter McCrone, the Turin Shroud remains the m:,st 
enigmatic and tantalising item in the inventory of this 
world• a furniture today. Other phenomena nearer home, such 
as Stonehenge, may be equally baffling and considerably 
older, but they do not pose quite the same •either/ or• 
problem that this extraordinary problem poses. For when we 
have conscientiously sifted the evidence, it really does 
seem that we are confronted with a stark choice of possible 
explanations miracle or forgery. There appears to be no 
middle ground. This image-bearing cloth did not just evolve 
into its present shape by natural means, like a stalactite, 
nor has it just graved, like Topsy, it must have been 
brought into being by a deliberate act of creation, like 
Hamlet or the Taj Mahal. But the question we are asking 
today is1 Who did the creating, God or man? 

Even among other relics treasured by the Catholic 
Church, the Turin Shroud is in a class of its own• in fact, 
it is unique. There is no other artefact which purports to 
come down to us from the life and times of Jesus Christ which 
so genuinely puzzles sceptics and rationalists, could form 
the subject of an inaugural lecture by a woman professor at 
London University in 1980, or could draw together an audience 
in a Protestant country - and an age of doubt - on a cold 
December night. 

Not that alleged relics of our Lord Jesus Christ are 
not three-a-peMy, from His foreskin to His crown of thoms1 
they are, but in themselves they present no challenge, no 
mystery. After all, a piece of the True Cross is, under the 
microscope and even to the naked eye, just a lump of wood, 
and a nappie He wore as a babr is no more than a piece of 
materials the wonder is all n the association, which 
remains to be proved. But the Turin Shroud is totally 
different. It is in itself a fascinating and compelling 
object, which yields unpredictable results when analysed. 
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It seems in itself to tel1 its own story. But even so. for 
me. at least (and. I am sure, for many of us here), 90% of 
the fascination of this thing stems from the fact that 1 if it 
is authentic, then it has been intimately associated vith 
what many of us believe to have been the most imponderably 
valuable physical reality ever seen on earth - the body and 
blood of the Incarnate Son of God, 

Professor Philip Hctlair 
Department of Italian 
University of Birmingham 

Negative print of the image of Christ on the Turin Shroud 
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INDUSTRIAL ARCHEOLOGY: THE HERITAGE OF 
THE INDUSTRIAL REVOLUTION 

Ian Donnachie 

Industrial archaeology has made rapid strides in 
Britain since the early 1960s and now there are several 
major studies, as well as a volurrtinous regional and local 
(Hudson, 19631 Buchanan, 1972J Raiatrick, 19721 Butt & 
Donnachie, 1979). Industrial archaeology has attracted such 
attention because of the increased interest in economic and 
social history, the history of technology, and the desire to 
record and,~here appropriate,conserve the relics of the era 
since the classic Industrial Revolution. 

But industrial archaeology is more than a study of the 
remains of manufacturing industry. It is concerned with fil 
the physical relics of economic growth, warehouses and 
workShops as well as factories, windmills and water wheels 
as well as steam engines, gas engines, turbines, generators 
and internal combustion engines1 rural tradea, crafts and 
agricultural implements, as vell as urban industrial remains1 
transport and other public utilities1 workers• housing and 
other social relics. Although some o~ its practitioners may 
dislike the title, it is eonveniently short and is now 
justified by common usage. 'l'his label has helped to establish 
the image and character of the study, for industrial 
archaeology - in rrry judgment - has already gone through the 
process of creating an informed readership and a greater 
public awareness of industrial nonuments in our environment. 
Yet the growth in interest in industrial archaeology since 
the 1950s has also been accompanied by extensive and unresolv
ed debate about its nature, intellectual boundaries and 
usefulness. This may be a sign of vitality. the only means 
by which the issues may ultimately be clarified. 

The study of the past using the evidence provided by 
physical remains - buildings and artefacts - is a well
established part of archaeology. Industrial archaeology is 
essentially a field study concerned with elucidating 
industrial history. First and foremost, it involves the 
location, surveying and recording of the sites and structures 
of industrial activity. However, industrial archaeology also 
comprehends a wider range of activities and objectives arising 
from its primary purpose. Once sites and structures have 
been located and adequately recorded, interpretation becomes 
the fundamental aspect of the study. FieldWork is not an end 
in itself but the beginning of an end. Interpretation means 
assessing the significance of what has been located and 
recorded, and, in turn, this task demands that documentary 
and/or oral evidence should be added to and weighed against 
-what has been discovered in the field. Some investigators 
proceed from documents to field study• others from field 
study to documents and interviews. An interplay between all 
the available forms of evidence is vital if the best results 
are to be achieved. Field study and conventional research 
should walk hand in hand. 
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A number of problems require discussion before our 
definition is complete. The first concerns the nature of 
industrial history and raises the relationship of industrial 
archaeology to archaeology in general. Most industrial 
archaeologists have concentrated their efforts on physical 
remains of the time-span since 1700 and commonly stopped at 
1914. There really should be no rigid limiting dates to the 
study, a plea eloquently made by Arthur Raistrick in 19721 
Roman leadmining, medieval bloomeries and twentieth-century 
cinemas are equally fit subjects for investigation. However, 
it is the case that before 1950 field studies relating to 
industry after 1700 were very fmr and that departments o! 
archaeology were sorootimes reluctant to admit the validity 
of medieval archaeology, never mind later branches such as 
the archaeology of the Industrial Revolution. Moreover, the 
sheer weight of the surviving evidence relating to the 
process of industrialization is likely to coerce m:JBt 
investigators towards the study of the physical remains of 
the last three centuries. Nonetheless, it is much more 
important that investigation and interpretation of the 
industrial past should proceed than that practitioners 
should quarrel over what they believe to be their province 
in chronology. 

A more vexed question, perhaps, is what constitutes 
industrial history. Should it include a detailed historical 
study of agricultural techniques and progress or be more 
concerned with the processing of primary corrunodities and rural 
industrial? Rural archaeology itselt is likely to extend its 
time boundaries in the future just as archaeology in general 
has ·already done. Transport, housing, and recreation might 
not be included in any narrow definition of industrial 
history, but the industrial archaeologist needs a wide remit, 
for his objective should be to interpret the experience at 
work and at leisure of industrial workers and their 
employers. 

The relationship of industrial archaeology to 
archaeology is closer than is generally supposed and ought 
to be closer still. Like his colleague in anr other branch 
of archaeology, the industrial archaeologist s concerned to 
use physical remains to remedy the deficiencies of the 
existing record, to complement other historical evidence, 
and to assist in the testing of current orthodox interpreta
tions of past cultures. He should be equally circumspect in 
his methods of working and in the standards of his research 
reports1 in particular, measured drawings and photographs 
should be ot the highest quality because they are an 
indispensable part of any accurate record and may form the 
basis for comparative studies at a later date. The standards 
of recording in industrial archaeology need to be improved, a 
fact particularly recognised by the Association for Industrial 
Archaeology (established in 1974) which has, as one of its 
objects, the worthy aim of raising the general level of 
research reports. More traditional archaeology met these 
problems long ages that they have been so successfUlly 
surmounted may be a consequence of the passage of time and 
professionalization rather than a tribute to individual genius. 
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One great advantage accrues to the industrial 
archaeologist, he is not usually so dependent upon careful 
excavation and stratigraphy as his colleague in other 
branches of archaeology. This was of'ten regarded as a 
defect by hide-lx>und archaeologists who tended to confuse 
these techniques with the substance and nature of 
archaeology. Because structures survive above ground, it 
was comrronly felt that the new infant industrial archaeology 
could not properly have the same parentage (or, at best, the 
same side of the blanket) as its older brothers such as 
prehistoric archaeology or Romano-British archaeology. 
Attitudes have greatly changed in the last fifteen years, 
but further co-operation between specialists in different 
periods of archaeology could do nothing but good for the 
study as a whole. 

The fact that archaeology is divided for the purposes 
of specialization by periods rather than by themes - and 
that industrial archaeology is concerned with a theme - bas 
commonly been paraded as a major problem. This is really 
a gross simplification of a very complex issue. Technology 
and production do not change uniform1y1 advances in one 
industry or even in one sector of an industry were not 
accompanied contemporaneously by changes elsevhere. 
Diffusion of the changes in technique may cross time 
barriers imposed for scholarly convenience. For instance, 
in tanning, the medieval archaeologist, post-medieval 
archaeologist and industrial archaeologist might well find 
much common practice1 in ironvorking, pottery, glassmaking 
or limeburning, the technical pedigree might be even longer. 
Tracing the diffusion of new techniques cannot simply be a 
matter for one specialist archaeologist or another, for it 
is difficult to be certain how long obsolescence may take. 
Side by side with up-to-date producers it is likely that 
more primitive units survived1 traditional documentary 
methods of research reveal that, for example, the charcoal
fired furnace survived into the age of cheap steel. 
Industrial archaeology cannot have rigid time constraints 
placed upon it1 they only impede purposeful scholarship. 
If the archaeology of industry were strictly confined to the 
period since 1700, the intellectual losses would be 
significant, 

Excavation and stratigraphy mar sooner or later become 
more significant techniques of the ndustrial archaeologist. 
His colleagues in post-medieval archaeology have already 
demonstrated the possibilities for unravelling the history 
of glassmaking and pottery, and the Historical Metallurgy 
Group has transcended all the time barriers which periodiza
tion entails, excavation being a fundamental preliminary 
stage in the preparation of its exceedingly valuable reports 
on the iron industry. With just one reference to a glass
maker in a local parish register in 1600, it was decided to 
excavate in a field called Glass Hey Field in the neighbour
hood of OrmsJdrk, Lancashire, in 1968. This uncovered the 
remains of a wood-fired furnace, the only definite evidence 
of glassmaking having taken place in that part of the country 
at that time. Ruth Hurst Vose, who was responsible for this 
discovery, later went on to use a similar technique to 
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unearth the first coal-fired furnace in the north-west, 
dating from c, 1615, at Glasshouse Fold near Stockport 
between 1969 and 1973. The products of the early-nineteenth 
century Bellevue Pottery in Hull are nm, much better knc,wn 
as a consequence of an excavation in 1970 when the principal 
find was a cellar full of wasters, A greater number of 
patterns was revealed, a fact of major importance since much 
Hull pottery was not marked. open-cast operations in the 
coal industry have from titre to time exposed older workings, 
and Dr Alan Griffin has tnade excellent use of this fortuitous 
•excavation• to demonstrate, among other things, the lov 
rate of extraction in some Derbyshire seams in the mid-eight
eenth century. 

Perhaps ot greater significance Jn this discussion is 
the fact that industrial activity does not and did not take 
place in some vacuum or enclave in society. To understand 
any societr at any time, as Marx has taught us, we must try 
to assess ts technology and economy1 equally, its political 
and social organization is an engine which may alter 
production. Any archaeologist worthy of his salt must, 
therefore, take an interest in as many aspects of a culture 
that he has chosen to study as he can reasonably manage1 
this is true also of historians and it may be an equally 
binding dictum for other branches of scholarship. Rigid 
time zones, in fact, have little validity for many branches 
of archaeology if our knowledge and comprehension of the 
past is to increase. If industrial archaeologists concentrate 
upon the interpretation of the industrial landscape as their 
prime function, willy-nilly they must take a broad viev of 
the historical development of the society which produced it. 
In the last analysis, indUstrial archaeology is a significant 
historical source to be used alongside other, nore tradition
al, historical sources, and with the Garre care and scholar
ship exercised by traditional archaeologists and other 
historical fieldworkers. 

l!EFERElC!!S 
Buchanan, R..A. 1972. Induatr1al Archaeology 1n Br1ta1n. Pelican Book■• 

Dutt, J. and I. Donnachie, 1979. Industr1•l Archaeology 1n tM Br1t1sh 
l•les. pub. Elek. 

Hudson, X. 1963. lnd'usUial Archlleology- an 1nt.roduct1on. John Baker. 180pp. 

Raiatrick, A. 1972. 1nduatr1al Archaeology - a h1ator1cal •urveg. 
Eyre Methuen. london 314 pp. 
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REPORT OF THE COUNCIL FOR 1980-1981 

There have been eleven meetings of the society in the 
session 1980-1981. The council has met before each and 
dealt with matters affecting the society, its finances 
and the publication of its transactions. One of these 
matters was the formation of a F~ngus Study Group. The 
Council agreed that they be affiliated to the society. 

The progranne of lectures has been on a wide choice of 
subjects, well attended and very interesting. one lecture 
was a joint meeting with the East Midland Region Royal 
Society of Arts. TWo have been sponsored by the Leicester 
Mercury and Messrs Lathams Ltd, to whom we are very grate
ful for their continued support. One lecture on Strasbourg 
was also helped financially by the "Town Twinning" 
Association. 

We would also like to thank Mr. Mann who has supplied 
coffee after the meetings and to thank Mrs. Williams for 
her reports sent to the Leicester Mercury. Our gratitude 
is due also to the ladies who served the refreshments for 
the Presidential meeting when the Lord Mayor and Lady 
Mayoress attended. We also wish to place on record the 
warm appreciation of the help given to us by the Museum 
staff who are always most willing and co-operative. 

Jennie caneron 
Hon. Secretary 

The programme of the session 1980-1981 was as follows, 

6th October Presidential Address, The Craft of the 
Goldsmith by Ivan Tarratt. 

20th October Piano Lecture/Recital, Sonata in memory 
of Terence Judd and Scottish Sketchbook by Anthony 
Elton, B.Mus., LRAM, Composer, Pianist, Conductor, 
formerly Senior Lecturer, University of Nigeria and 
Musical Director , Durham Theatre Company. 

3rd November Japanese Art and its impact on the West 
by Marie Cont-Helm, MA, Sunderland Polytechnic and 
Open University. (Joint meetin9 with Royal Society 
of Arts (East Midlands Region)). 

17th November The Leicester Mercury Lecturer Advertising 
in Perspective by Michael Mander, Deputy Chief 
Executive, Times Newspa~rs and Vice-chairman, 
Advertising Association.* 

/continued 

•Mr. Mander•s lecture has been published in Advertising 
Magazine No. 67, Spring 1981, pp.32-35. 
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let December The Latham Lecture, Second Thoughts on the 
Turin Shroud by Philip H.J. McNair, MA, D.Phil.,Ph,D,, 
Serena Professor of Italian, University of Birmingham. 

15th Decembl:!r Reflections on a year in Dresden by 
J. v. Gough, MA, Dip. Comp. Philol,, Lecturer in 
English, university of Leicester. 

19th January Strasbourg by Madame Klein 
2nd February Wildlife of the Arctic Tundra by Mr, Hawkes. 

Joint Meeting with the Natural History section, 

16th February The Problems of Philosophy by Sir Alfred 
(AJ) Ayer MA, FBA, formerly Wykeham Professor of Logic 
in the University of Oxford, 

2nd March Story of a Volcano by Tony Escritt, MA, 
Head of Geography, Harrow School. Joint Meeting with 
the Geology Section. 

16th March Industrial Archaeology• The Heritage of the 
Industrial Revolution by Ian DoMachie MA, Ph,D,, 
Staff Tutor in History, Open University. 

ANNUAL REPORT OF THE NATURAL HISTORY SECTION FOR 1980 

Presidents 
Chairman• 
Vice-Chairman, 
Hon, Treasurer, 
Hon. Secretary 1 
Hon, Asst. Secretary, 
Hon, Programme Secretary, 
Hon, Editor, 

Committee, 

I, M, Evans, M,A., F,M,A, 
Mrs, D. Tho~psott, B,Sc, 
H. C, Gabbitas 
Miss E, I. Clay 
Mrs. E. Loosrrore 
Hiss B. Davies, B,A, 
Hiss J. E, Dawson, M,A,, A,M,A. 
L, C, Lewis, B,Comm, 

A, Fletcher, B,Sc,, Ph,D, 
D. G, Goddard, B.Sc •• Ph.D. 
D. J. Gordon 
L, Jones 
o. A. c. Hd'Jeil, B,Sc., Ph.D. 
J, H, Mathias, B.Sc., Ph.D, 
H. J • Smith 
B, s. Woodward 

The Newsletter was published twice in 1980 under the 
expert editorship of Mr, L, c. Lewis. 

The lectures during the year were of the exceptionally 
high standard and wide variety of subjects the Section 
enjoys, ranging from "Fleas" to "Easter Island" and, in 
addition this rear, we had a very well organised and 
fascinating Qu z Evening. _ 

The Symposium, organised by the Section and the 
University at Vaughan College on March 8th had, as its 
subject, "The Nineteen Eighties - Challenge and Opportunity 
for the Leicestershire Naturalist", Speakers were Mr. E. c. 
Hammond, Hr. I. M, Evans, Mr, J. Crocker, Dr. A. Fletcher, 
Dr. J. H. Mathias, and Mrs. E. B, Rands. 
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The Summer Programme included a full-day excursion to 
the Cambridgeshire Chalk (which was led by members of the 
Cambridgeshire Trust) and a weekend excursion to the North 
Wales coast, both of which were very successful. 
Jan Dawson, as always, did marvels of planning and 
organising. 

Paid up membership for the year was 177 (compared 
with 179 for 1979). Ordinary meetings were held at 
fortnightly intervals, and the average attendance for the 
second half of the 1979/80 winter session was 70, to hear 
the following speakers1 

2nd January J. L. Otter - "In Defence of serpents" 
16th January Dr. J. D. George - "Animal Lite ot Sea and 

Shore around Britain" 
30th January Dr. A. Fletcher (Organiser) - Quiz Evening 
4th February C. J. Mead - "The B.T.O. and Bird Ringing" 

(Joint meeting with Parent Body) 
13th February C, W, !lenders on - "Photographing Wild 

Orchids in Europe" 
27th February Professor H.P. Moon - "H. w. Bates - the 

Darwinian Explorer" 
12th March R. s. George - "Why Fleas?" 

The Annual General Meeting was held on 26th March 1980 after 
which slides ere shown by a number of members. 

The Section•a swraner programme of outdoor meetings was as 
follows, 

26th April Mr. P.H. Gamble Buddon Brook 
10th May ' Mr, I:. M. Evans Allexton Wood 
24th May Mr and Hrs. J.W. Tugby Wood 

Hesselgreaves 
14th June Mr. c. w. Henderson Limestone Rock 

22nd June Mr. w. P. Kingdon and 
Garden, Loughborough 
Cambridgeshire Chalk -
full-day excursion 

5th July Dr. D. Tomlinson Retton Grange 
16th July Miss M. Hider New Walk, Leicester -

evening meeting 
19th July Miss J.E. Dawson Coston 

2nd August Lt.Col, D, H. Hall- Nosely - moth trapp-
Smith ing - eveving meeting 

16th August Mr. I. M. Evans Barkes tone 
30th August Mrs. D.V. Kolaczek Kilby, Grand Union 

Canal 
6th September Mr, M, Walpole Chamwood Lodge 
20th and 21st Dr, A, Fletcher et al North Wales Coast -

September weekend excursion 
27th September Dr, R, G. Clements Long Itchington Clay 

Pits - Geological 
meeting 

11th October Mr, J. Blunt Ulverscrott - fungus 
meeting. 
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The average attendance at field meetings was 31. The 
Section would like to thank all leaders, landovners and other 
helpers who Ina.de the programme successful. 

The indoor winter programme for 1980/81 began on 15th October 
with a Members• Exhibition Evening and other speakers were• 

29th October P, Cha~man - "Animal Life in Caves• 
12th November Dr. w. J. Ballantine - •conservation Down 

Under - New Zealand's First Marine Reserve" (Eighth 
Sowter Memorial Lecture) 

26th November M. Greenwood - "Insect Parasites of Birds 
and Mammals" 

10th December Dr. J. R. Flenley - "Easter Island - A Mystery 
Solved" 

The average attendance for these meetings was 75. 

The Section would like to thank the Museum for the 
facilities Which it provides for all indoor meetings. 

E. Loosm:,re 
Hon. Secretary 
B, Davies 
Asst, Secretary 

ANNUAL REPORT OF THE GEOLOGY SECTION FOR 1980-1981 

President: Or. R.J. ~ing 
Cha1rman1 Mrs. Mary Ball 
Vice Chairman1 Dr. M.J. Le Baa 
Secretary, Dr. T.D. Ford 
Treasurerr John Martin 
Field Secretary, David Hartill 
Members, Mra. Pat Marsden 

Ralph Tajpowski 
Gordon Stacey 
Mra. Margaret East 

student reps Beverley Wainwright 

A full programme of nine lectures was held during the 
winder. There were al■o a conver■a2ione, a members• evening 
and a joint meeting with the parent body addrea■ed by Tony 
Escritt of Harrow School on Icelandic volcanoes. A 
auccesaful Saturday School on the Hidden Depths of Leicester
shire was held at Vaughan College with some 50 persona 
attending. 

The lectures during winter 1980-81 weres-

OCtober 8th 
October 22nd 

Prof. D.L. Dineley •oevonian Law a Order• 
Dr. H.J. Le Baa •Following Darwin to the 

Cape Verde Is. volcanoes• 
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November 5th 
November 19th 

November 29th 

December 3rd 

December 17th 
January 14th 
January 28th 
February 11th 
February 2 5th 
March 11th 

John Cooper •A Museum Geologist visits the usA• 
Prof. J. Tarney •Generation of the Earth's Crust 

- evidence from Pacific Margins• 
Saturday aympcsium at Vaughan College on 

THE BIDDEN DEPTHS OF LEICESTERSHIRE 
Or. T.o. Ford •The'concealed geology• 
Dr. w. Read •Looking below the surface• 
Or. M. Davies •Habitat of hydrocarbons in the 

East Midlands• 
Dr. M.J. Le Bas •Granites under Leicestershire• 
Dr. P. Maguire •Earthquakes, explosions and 

crustal structure in the vicinity of 
Charnwood Forest• 

P. Jones •Aspects of NCB exploration in the 
South Midlands• 

Sir Peter Rent - summing up. 
Dr. B.J. Taylor •Mesozoic geology of Alexander 

Island, Antarctica• 
Conversazione 
s. Penn •slope stability in Derbyshire• 
M. Howe •s1lurian of the Oslo area• 
Members' evening 
Dr. o.J. Siveter •Fossils and the Iapetus Ocean• 
Dr. J. Rice •Ancient Rivers in the Arizona Desert• 

Field excursions during summer 1980. 

April 27th 
May 10th 
May 24th 
June 15th 
August 30th 
September 13th 

September 27th 

October 11th 

The Lower Cretaceous of West Norfolkz P.J. Lawrence 
Ibatock Brick Worksi A.R. Mcinnea 
Shepshed Quarries1 Mr. G. Stacey 
Monsal Dales Dr. T.O. Ford 
Geology of the Fens1 Mr •. J. Aram 
Trip to clear a site of Geological Importance: 

Dr. R. Clements 
The Igneous Rocks of South West Leicestershire 
and Nuneaton Areas Dr. M.J. Le Bas. 
The Jurassics of Northamptonshire, Or. M. Ashton. 

The Field Secretary (John Cooper) has arranged an insurance 
policy to cover members of excursions. Cover has been arranged 
tthrough T.C. Taylor (Insurance Brokers} Ltd., of 27 New Walk, 
Leicester) with the Norwich Union, and provides us with 
£500,000 Public Liability insurance, which provides for claims 
for accidental bodily injury or disease contracted by any 
person, and for accidental loss of or damage to material property. 

Trevor D. Ford 
Hon. Secretary. 
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Hon.Secretary1 

Hon .~mbership 
SPCfPtaryt 

Hon. Proqr.,mmP 
SPCffl'tary, 

Hon. Editor of 
Transdlc-tions1 

Counc-111 

Bon. Auditor■ 1 

COUNCIL 1980-81 

Miss N. Waddington, M,A, 

a.A.Fisher, M.A., L.-es-L., Ph.D. 
Mrs. D.E.Cameron, B.E.M, 
c.P.Alexander, M.B.,a.s., r.R.c.P. 
The Rev. Canon D.W,Gundry, M.Th, 

Mrs.o.E.Cameron, B.E.M., 
48 Oesford Road, Kirby Muxloe, Leicestershire, 
Tel1 393174 

Mrs, M,C,Rablen, 
53 Knighton Drive, Leicester, Tel1707336 

M,A,Baata, M.A., 
16 Southernhay Road, Leicester. Tel1 708255 

P,R,Goodwin, I.P,F,A., 
18 Pal~rston Boulevard, Leicester, Tel, 883218 

T,O,Ford, B.Sc., Ph.D., F,G.S,, 
Geology Department, Univer■ity ot Leicester. 

M.A,Baatz, H.A, 

Mrs. D.M.Bailey, B,Sc, 

Mrs, M. Fisher, B,A, 

L,C,Bamer 

M.A.IChan, B.Sc,,Ph.D. 

N.W.Xing,B,Sc,, H.B., a.s., ,.,.A.R.c.s. 

The Rev. A.B,Kirkby, M.A., e.o., Ph.D., 

D.G.Lewis, M.A., ,.,.A.R,c.s. 

D.£,Rees, B,Sc, 

Mrs, F. Russell, L,R,A.M, 

P,H.A,Sneath, M,11,, M.n •• M.R.c.s., L.R.c.,. 
w.D.Turner, H.B., 01.a., r.r.A,R.c.s. 

E, Tyler, M,A, 

Mrs. c. Williams, F,R,G,S, 

The Vice-(:hancallor of the UnJ,veraity of Uiceater • 

The Director ot Leicester Museums 

One representative ot the Geology Section 

One representative of th• Natural Bi■tory Section 

M,H,Bailey, M,A,, E,J,Powdr111, M.A. 


