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Editorial 

Oooe more the Nonh 111,,r Gtologlst carries obituaries or two elder 
su~mcn or our Associations. That or Cecil Wrajli, who died on the last day 
of 1997, would have appeared in Volume 8 but for technical difficu.llies and we 
apolOJiJe for this delay. Th>t or Georae Henderson is here c>1cnded from the 
obituary publisbod in the Newsleucr of the MGA and we are imcful aa•in to 
Dcrclt Drumhead for both or these. Georae WIS tnown 10 most ,0010,ists In 
Mancbesr.:r and further afield and sen'Od u MGA Treasurer for many years, 
He was a former Pres.idenc and an Honorary Life Member. We are araceful for 
his years of servi<lo to our subject and honoured to have known th!$ aentle man. 

IJ our last issue WIS biased towards the Triassic. then the balonce has 
been rcStored as this volume bu a distinccly Carboniferous look. Hury 
Holliday provides bis usull anecdotal piece dcscribi11& tho wiMina or some 
fossil shells, which he aod Michael &&or then subjeCI to fi&orous academic 
rcscarob in the foUowins paper. Lyall Andersoo aivca us a review or the 
Upper Carboniferous Laaerscaucn recently discO\'cred in the reaion and 
Nicholu Midaeley adds his account of the Lower Carboniferous sequonco at 
Calver Low in Derbyshire. l'intlly the papers by 0.rdt Drumhead and Normin 
C&llow Jive bis&orical accounts of minin& within CarboniJcrous scdimctus. 

John R Nucld, (t,IGA) N.C. Hunt (LOS) 
Sprin& 1999 

Notes ror Authors 

Aliscair Dov.den (LGGA) 

Articles and su,ies:tions for future issues are always most welcome and 
should be soot to either Dr Jobn R Nudds, Manchester University Museum, 
Oxford Road, Manchester Ml3 9PL. N.C. Hunt, Dcparunenl o( Earth 
Sciences, Tbe University, Liverpool L69 2BX or Norman Catlow, 30 
Bankslield Avenue, Fulwood. Preston, PR2 3RN. Articles should preCerably 
be presented on disk, if possible io Word perfect (Windows or DOS), and may 
be up to 3,000 v.orcls ill Jcnalh. FiJures should be desi&nod for reduction to 
fit I muimum Frame siz.c of 180mm x 125mm, 

Copyripl 
Cop)npt iA Th, Nonh ot,r Grologw u a whole is held by the Ll""P"OI GeoloCical 

Socie<y, lheM-.,,, Geological As,ociaJjoo and lhc l.aoea,hi"' Group of the Gcoloaists" 
-""OClalloo. Cop)-rigbl ill lhc illdMdual arueles beloogs IO their respecti ,,. authoY>. 

Back numbon ol The A.nwru, c..lo&bt and lb, Nonh 1\\-sl GwloJ;st 
Llmi1ai $110Cks of mos& pl"C'o~ i,$.SUC:S .arc hdd in Maocbestu and IJ.,'CfpOOI and 

c,op;es can be cbwned by applicalioo ., lhc editon. 
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PROCEEDINGS OP TJ{E LANCASRIRE GROUP OF THE 

GEOLOGISTS' ASSOCIATION 1997/98 SESSION 

1997 

Apr. 19 Field trip 10 Cant Clou&h, Gorple & Widdop Jed by lain 
Williamson. 

May 11 Field trip 10 the Amside Pcninwla led by Dr Rodooy Wri&J,1. 

Jun. 1 Field trip 10 Bohon Abbey & Cliffe Casile Museum led by Derek 
Leatoyd, Norman Callow & Roy Clarkson. 

Jul. 16 Field trip 10 Coplow Qu•rry led by Alistait Dov.den. 

Aul- 16 Field trip 10 Ludlow led by Phil Manolo& & Pete.r del S1ro1hcr. 

Sep. 26 

Sep. 27 

Oct. 31 

Nov.28 

1998 

Jan. 9 

Jao. 30 

Feb. 28 

Mar. 27 

AOM and members' evening. 

Field trip 10 Pindalc led by Murr1y Milcbcll. 

TM mi,urals of Soulh lit.rt England by Dr Bob Symea. 

Extinaion by Pcler del Strother. 

Annual Dinner 

Tracking Jurassic dlrn>Jaun by Dr Mutin Whyte. 

111, g,ology of the P,nn;n,s by Jain Williamson. 

Gtowgy and ganiming by Dr D. Kinsman. 

IN BRJEF. ... 

End or on Ero nt The Mnnchesler Museum 
Tbe "Loucry• funded rcfurbishmen1 of The Manchesuor Museum, 

rcporicd in lhc las, 1wo issues, has bcaun. Phn5C One of 1he £20 million 
scheme be&•• last summer wilh lhe elosu1<1 of both the aeoloay &•llerie.. The 
Mineral Galle.ry, or lhe Firn Oeoloay Gallery, as ii used 10 be known, will 
become pan of lhe new "Oiseovcry Cen1re", while lhe rormer S1ra1iaraphic 
Oallery will now embrace fossil., minerals and rocks. The new 11ullery will, 
of course, rcl3in many old ra,'Ourllcs, such as lhc "WIiiiamson" Sllgmarla, 1he 
Whitby lchlhyos•ur, and "Pcroy" lhc plesiosaur, 1he specimen collected by Fred 
Broadhurst in lhc 1960'1 and formerly displayed in 1hc fO)ler of 1he Williamson 
Buildina. The new displays will hiahliah1 the s1rcna1hs or 1he c:ollcc1ion and 
will include Coal Measure plants, ltiossic footprints, Jurassic ammoniles and 
Plcistoecnc cave mammals, alona with new specimens on a dinosaur 1hcme. 
The mineral display wlii also include many newly acquired specimens and will 
be si1ua1cd In 1hc lower pllery which will be accessed vi• a alass Ufl tnd • 
sl3ircaso from the Natural Hiscory Oallcrics above. Due 10 open in March 
2000, we hope tbal this traditional museum will retain its academic atmosphere. 

CeoSclence 2000 
Its a.ii ba.ppenina in Manchesler I Quite apan from the music scene, lhe 

football and the Commonwoallh Oames, Manchcsler will now pl•y host in 
millenn.lum year lo the bicMial OcoScicnce Conrerence organised by The 
Oeological Society of London. Firs, tried in I 996 al Warwick and held again 
in 1998 at Keele, the Conrerence moves 10 our back-yard in April 2000. The 
four-day mectina will have about 20 separate symposia on current "hol" topics 
in OeoScience and wiU be based at *Chancellors" 1 the new Conrcrcnce Centre 
al The Universi1y of Manchester. Registration, however, is not cheap, bul ii 
promises 10 be a major event wilh over IOOO delegates from ail over the world. 

Dinosaurs make l.-acks to the North-W..t 
For all you nonh-west dino-addicls, Liverpool Museum will be 1he place 

10 be from 11th December 1998 until 7th March 1999, when lhe Nacional 
Museum of Wales' travelling exhibition Tracking Dinosaurs arrives in town. 
The show, which will be supplemented by local specimens of Chirotlrerium and 
rhynchosaurs from both the Liverpool and Manchcslcr collections. is well worlh 
sccin.&,. Also showing at Manchester's Museum of Science and Industry, from 
Ja.nuaty to June 1999, ls the robotic ex.hibition, Dinosaurs: big, bold & 
dang,rous! !IS worlh seeing • especially the T. re:c in lhe Power Hall I 

3 



 

 

OlllTUARY 

Cocll Wrag 

Cecil Wraa, who died on 31 December 1997 a,od 92 wu a rcspcclCd 
member o( many societies and •n interestill£ tnd unusual m•n. He bad bun• 
drau&J>isman ll Metropolil.1D•Vieke11 tnd carried his Cfliinurifli CJ1pertise into 
bu many iru.eiests outside his v.ork. The rC$Ult was thac in any discu.ssion wilb 
bi.m one wu bound to be rccalod with some unusual, enteriainill£, but hi&hly 
rclCVllll, piocc of information. IJ this wu not furtheomina (or even if it 1'U), 
the.re would be an anecdote euUed from his wide experience of life in many 
quartcri. fur be w.u a compul>ivc >IOryteller. 

Cecil wu an enelJlelic man both intellectually tnd ph)'Sically. Ho never 
owned a car (tlthouah he "~• knowlod&cable about vohiclcs, as well ho mi&h1 
be i>r his filther ...,rkod for Royce (presumably the crane works in Trafford 
Pork), •od u a younaer man ttavcllod by bicycle on his holidays. Amons 1hc 
many stories he told aboul such cxcu11ioos "1.S one aboul being held up In 
Corsica by a btndi1 who lhrcuoned him wilb 1wo pis1ols. No doub1, Cecil 
11.lked himself OUI of this one. 

As a much older man tnd retired, he save up cyclina tnd wmod IO 
hitchhikin1t. He appeared to have a network or coniaclS in the lorry driving 
fraternity tnd lrips to various patl$ or lh• country would siart off by picking up 
a lorry at the end of his road. Many a lorry driver must have found 1he journey 
shortened by Cecil's cooversation. Scotland wu a popular destination and he 
oft.co told me of the out-of-way places be bad been, lhe acology which be bad 
DOI failod to notice, and lhc variety o( bed tnd breakfast e>'UlblishmcnlS he bad 
siayed in. Once I told him about my father, also retired, who stayed al Scottish 
Youth Hostels. Cecil bad not considcral this and took the idea up. From then 
onwards, be never failed to thank me for introducing him to !he YHA and I am 
pleased to have contributed to his tra"·cls in this v,,,ay. 

Ccc-il's wide intcreslS a.re manifest in the variety of orianisations of which 
be was• member. I knew him because of his membership no1 only or !he MGA 
but also or lhe Mancbcs1er Re&ion lndu.irial Archacoloay Society, where his 
eQ&inccring expertise came in very useful. He aJso found C\'ery inaenious 
opportunity to apply ii to geological swdics. It was also otiviously applied in his 
membership of the Northern Mill Enltine Society and Red Rose Steam Engine 
SociCl)I, the guardians or the eniine at Astley Green colliery near Wigan. He 
was a kccft vegetable grower (Hale Allotment Society), a photographer 

• 

Offl<ers and Members of Council for tlM> Senion 1997/8: 

President· Fred Marriou MB, FRCS 
Vlc:e-l'resldents • Richard Paurick BSc PhD; Tony Browne BA 
llon. Sccrelllry • Norm• Rothwell BSc 
Bon. Trell.surer• Tony Browne BA 
Hon. Editor (N. W. Ceoloclsl) • Jotlll R Nudd.s BSc PhD FGS CGenl 
Hon, UbrariJln • P,,ier Forman BSc 
Hon. Indoor Meetings Secretary• Chorlca Allen MSc 
Hon. tl•ld El<cun;lon Sccrtlary • Jim Spencer BSc 
lion. Auditor • Bric Foster MA 
Council • Christine Arkwri&hl BA 

Martin Elsworth 
Mary Howie BA 
Joyce Lillie 
Ralph Brownell 
Ali.son Scou BSc, PhD 
Bcuy Whiitheud BSc 
President or lhe University or Manchester Gcoloaical Society 
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PROC£EOINCS OF Tiffi J\lANCRESTER CIWWCICAL 

ASSOCIATION l!l97/98 SESSION 

1997 

Apr. 26 Annual Dinner al Harwood Rooms, UMIST. Gues1 of Honour: Or 
Edie Upp. 

May 18 Field trip 10 Wenloek !!die led by Or Paul Smi1h. 

Jun. 12 Field trip IO Lion Sall 'Worts and Winsford Salt Mine led by 
Andrew Flcldin&, 

Jul. 13 Field trip co BeeslOo Castle and the Pccfonoo Hills led by Or John 
Pbllard. 

Aus, 9 Field trip IO Clitheroe and Au.stwiek led by Or Fred Broadhurst. 

Sep. 7 Field trip IO NW Shropshire led by Gordon Hillier and David 
Pannell. 

Sep. 27 Field trip 10 Pindale led by Murray Mjlcl,cll. 

Oct. 25/26 Field trip 10 West Cumbria led by David Kelly and Mervyn Dodd. 

Sep. JO 

Oa. 8 

Nov. 12 

Dec. 10 

1998 

Jan. 14 

Feb. II 

Mu. II 

Members" •Tweh·e best slides evening". 

Phosphatieo probltma,/eo by Dr M.A. Whyte. 

Mtrclo mu4slontt of th• Chtshir, Basin by Or A.A. Wilson. 

Sbon talks by Tony Browne. Mary Howie & Norma Rothw,:ll. 

Somt aspects of the gtology of Ntw Mills by Or 0. Brumhead. 

Annual Ococru Mcc:ting and Presidential Address by Mr Fred 
Marrion. 

Ground ,ubsitknct by Or AC. Waltham. 
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(Manchester PhotO&raphlc Society), a potholer, a renovator of spinnilljl jennies 
and waterwheels, and his house was filled with furni1ure which he had made. 
One room was a workshop, with benches, lalhes, to0ls, etc, whnt a Job for the 
house eleorcrs I On top of all this, ho claimed IO have drunk almost every kind 
or beer in the country, which I ca_n well believe. 

Some years ago, when I was Prc•ldcnt, Cecil presented me wi1h a aavcl, 
which he had made, for use at the meetinis. It has been since kepi in my d0$k 
draw,:,, but it would be appropriate If It was now brouiht back into use and 
passed on to successive Presidencs. The MGA Is honoured to receive • bequest 
from CccU and 1he donalion of his acoloale•I boob 10 our Library. 

For a number of years. Cecil hod 10 look after his wife Bisio who was 
very ill. She came from Alls1wick In the Yorbblre Dales but they lived 111 their 
married life in Ttmpcrley. When Cecil died, her ashes were found in hls house. 
His and bet ashes hove been ttkcn to Austwick for scauerlna to;cahcr. an end, 
I suppose, typical of a man who lived an idiosyncmtic and intercstilljl life, in 
which we are arateful to have shared In a very small way. 

(Derek Brumheod) 

George Henderson 

George Henderson died on 21 June 1998 aged 82. I firs, mel him when 
he was 1t1.'0rltin1 as supervisor in a telephone exchange in Manchc.stcr. He had 
time to join one or my tirsl afternoon acoiogy classes al tho College or Adult 
Education in 1967. A,; it happened, June was also a member of this class and 
it is a matter or pleasure that their mcetini (apparentJy they had last met at 
primary school) later resullcd in their marriage and twenty three happy years 
togelher. They remained a areal team, ,haring interests and providing 
tremendous supporl and loyalty to eaeb other. 

Oeorie was a loyal and appreciative participant of walks. da.ss~ and 
residential courses in geoloiY and industrial archaeology whleh I ran for over 
thirty yctrs, many of them in Cumbria in association with David George. It 
was nOI long, however, before I realised that here w:is a person who knew 
more, often much more than I did, for he wore bis learning llgh~y and did nOI 
naturally let on. He could have just as well conducted some of these classes 
himself. For he was no, ooJy one of the most well informed persons over a 
wide range of subjects that I have ever met, but he had that eye for observation 
which only comes with an innate feel and ability. On numerous occasions 
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while I was conductin, a visil he would quietly take me aside and Point out 
some detail of I bu.ildin,1, IINChlre, or OUtetOp which I had missed but which 
was actually crucial co whu .,..,., bdna described. This cha.ractcr and ability 
was no1 lost on professional scolo&isa who I noticed trcatod Ocoric with much 
rcspccc. 

He was lucid, ln1<-lli1ent and inttrestin& In speech and writina, with an 
economy of words dcriffil (rom a ,·cry wide YOCabulary whicb I envied. I aaw 
him oocc complete a Ouardian crossword in 1bou1 1en minu1ca. 

He also had a fane sense of humour fuelled by literary 1ccomplishmcn1 
and an appreciation of tho absurd. Once, we wero shari11& a eeoloay trip to 
Ocnnany with the Carboniferous Oroup of the i>.lacontoloaical Association and 
some Ocrman scolo&im, I thouaht I hid for once &ot ahead o{ him when I 
J)Oinlod OUI lhal there WU • very inlCUi&Cnl d<>a accompanyina the pany. A 
smile appeatod on Ocoric's face as he saw the puncb-lioc before I had 
delivered it• lha1 tho doa in question cowd unde.rsiaod GctlIUin, 

Oeoric's obvious wide knowledac and ha facili1y of imparting i1 to 
others ·wu s:ucb that he was persuaded, somewhat rc.luctantly, to conduct classes 
himself in iodustrial archacolosy and acoloay in the Collea• of Adull 
Education. They woro particularly successful because of his enormous and 
wonderful collectioo of slides, which once aa•in often recorded his eye for a 
feature or angle of shot which no-one hid previously noticed. We have had lhe 
plea.sure of sccina some of these 11 mcclin&s and residential courses. Seeing 
them I often thought, where was I oo !hat occasion or why did I not see that ? 

Geori:e had a particular interest in archiUOC:turc, particularly cburch 
architecture. He and June travelled IO many different parts of the country 
seckina out churches and cathcdrus aod getting down on their hands and lcneca 
to Study and pbologrtph the misericordJ, a word I bad to look up when George 
first mentioned it to me. I \\.Onder if June is the only person in the country 
who has made icin& on a. birthday cake in the form of misericord ? These 
interests led David Gcori:e and I to petSUllde Ocorie on our rcsidenlial courses 
in Cumbria to lead the groups on visits to Shap Abbey, Lancaster Priory, aod 
Cartmel Priory, memorable indeed. II was particularly so with Cartmcl Prio.ry 
since it &3\'C Cieorie lhe oppon.unity to brina roaether two ,real interests in his 
life, church architcc<urc and (with thanks to Mumy Mi,chcll) geology as 
repruented in the building slOnes. 

Of course it goes wilhout saying lha.tt like many of usJ books were a 
source of joy to Gcorie. I bad many inierestin& discussions with him about the 
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Membership on JO Sepltn1ber 1998: 

187 Ordin,ry membera, 2S Student members, 6 Honorary members, 2 Life 
memben.. Toul • 220. 

The Ll""rpool Geol<>alcal Society Prlus ror Genernl E"""llenco we,·e 
• .,,.,ded as follows: 

Ib• 1Jnjy,[$j1y of Ljyprpool • Ocology: Jone Cooper and Kate Cooper 
• Ocophysics: Gareth Collin., 
• Oeology & Physical Ocoaraphy: Liam 
Herrinashaw 

fobo Moores Univcahv .. Earth Science: CbarlCJ Swanborou,b 
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Apr. 5 

Jun. 7 

Jul. 5 

Sep. 20 

Field trip to the Welsh Borderland, Caradoc and Quaternary Jed by 
Richard Ca,·e. 

Field trip 10 the S0111hero Lake District led by Peter Kokelaar. 

JoiJ>t field trip with the Shropshire Oeoloiical Society. 

Pield trip to the Wiml led by Hilary Davies. 

Offi~rs and Mom~rs of Council ror the Session 1997/8 and Trustees 
1995198: 

President - Miss 11.B. Clark MSc, FOS 
Ex-President • N.C. Hunt Bild 
Vice-President - O.R. Treaise BSc, PhD, FOS, FMA 
Hon. Secretary • J.D. Crossley BSe, Ctrtl!d, COcol, FOS 
Hon. Asst. Secretary • S. Bowie 
Hon. Treasurer• 0.W. Rowland MIMBM 
lion. Asst, Treasurer • W, Simkiss BA 
Hon. F.ditor (Geol, Journal) • A.P. Boyle BSc:, PhD 
Hon. Editors (N.W. Geol03ist) - N.C. Hunt Bild 
Uoo. Librarian - Mrs L. Rimmer CChem, MRSC 
non. Exrurslon Stcretary - T. Metcalfe BA 
Hon. Treasurer Spedal Issues Fund - 0.0. Hanlon LOS 
Hoo. Archivist • P. W. Phillips BSe, AMA 

Couocll - J.0. Moore BSc Mild 
M. Christopher 
Mn H. Davies MA 
N. Harrison BSc 
C.l. Kerley BSc, Certl!d 
P. LeiCC$1Cr 
A. Mocgan BSe 
Mr,J.A, YoJ<OD 
P. Pmons MSc 
L.Bryan 
D. T. Dol>-c!I 

Trustees - Professor D. Flinn, Professor W.S. Pitcher, J.K. ShankliJ> BSc, 
COeol. 
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provenance or minutiae or a book or lts author. He was certainly popular with 
secondhand booksellers. Only a short while before he died he aave me the two 
YOlumcs of the Vic10ria County History for Dert,yshirc, lcnowina how much I 
would appreciate owninJ them. When I reminded him that he must have a 
arc•t many such valuo.ble YOlumes he sternly but politely, u always, put me in 
my place: "Derek, I am not I bookseller",• comment I shall always treasure 
as tribute 10 Oeo,ae·s love of beautiful and lnrcrcstlna thlll&ll, 

Besides 1hc MOA, Ocorac was a member of a number of 1ocicdc1 and 
oraanlsations which rcncctcd hi• wide Interests, such as the Manchester ReJion 
Industrial Archaeoloay Society, the Poynton Loeal History Society •nd the 
Vemon Museum ut Poynt0n, whose collection of &as and oil enaines Oeoric 
quite riahliy reaardcd as one of the best In tho world. He was not just a 
recipient of whac these orp.nis.ntions could offer but an active and contribulloa 
member. He led e.eutslons and aave talks, althou1h always in a most modest 
fashion as thou&h be wasn't quire qualified to do so, a prcposreroua supposition. 
He was Treasurer or the ,MOA for many years, sortlna out and settina Its 
finances on a secure ~sis and, or co1.1rsc, was very proud lO ho.vc bcco 
Preaidcnl in 1982-84. 11 was of p:lrlicular pleasure 10 him at an Annuol Dinner 
10 be appointed an honorary member, an accol•dc which I believe could hardly 
~• been more appropriate. Two hundred ycats ago, what was said of one of 
our first geologists, Huuon, could very w,:11 be an cpilllph for Ocoa:gc: 

•71,. slglu <If objtCJs wlrlch vulfltd al 0,10, so mtmy lmporrwu conclu.rlo1u ... 
fl/ltd him ><11h dtllglu ... thost who acct>mpa11/ed him were con1•/11ced thar It 
mu.rt 1H 1101h/ng less than the dlsco•~ry of a •·tin of sl/vtr or gold f/w1 wo.,Jd 
call forth such s,ro,,g marks of Joy and e.ru/1111/<m". 

(Derck Bnunhead) 
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AT Tl IE ELEVENTH HOUR 

by Harry Holliday 

Ourina lhc summer of 1996 I read in the Oldham El'llling Chronicle an 
article which .. plained the comina re-use by the council of the amn area 
called Glodwick Low. The oriainal plan intended that the Oat area below the 
hill be sold 10 developers for hou..., while the quarry below where the shale 
for briclcmaki111 hid boon pthcrcd wu to he mled in and levelled. To some 
eyes this would rcmovc on u&IY un-kept eyesore, but 10 others or the acoloaical 
[ntcmity, such a plan would wipe off the face of the l!anh a fossil trcuure 
"°'" •nd dcSU'O)' a arus-=ercd public amenity th11 hu been available 10 the 
pcoplc of Oldham for very many )'Cl!$. 

The site was reputedly a very 1Deicn1 one, for it is tbou&hl that the 
RomlD road into Yorkshire aoes over this hill or 11 leut skirts to one side of 
it on its way 10 the next fort after Manchester, this fort bcina named CuUeshaw 
lOd situated oear 10 the small villa&• of Delph. 

A1 Lowside, coal has been mined for about two hundred years, and I 
susl)CCI that the Roman k:&ions used its coal 10 bc>1 their bath "~ter? A quarry 
for brickmakin& was started after 1800 at this ,itc and o( course the coal was 
oo site u well; in this part of Lancashire brickmakin& and co•I pits often went 
10&Clhu u a form of ccono.my, the coal bcin& u,uauy the first asset to be 
found. 

At Lowside, in the higher fac-e of the brick qu.arry rl$Cs a steep rock face 
over 70 feet in height, and this lace caposcs the mcuures lbove the coal called 
the Oldham Great Mine (9 feet thick), up to the Blcnfire Coal, which here is 
made up of three thin coals of no crcat worth. Part of this face is obscured 
with fallen scree and •hale .. nd, but to &cologists this lace is a valuable 
treasure to be prc.sen'Cd as it contains lhc important cri.sla~galli raunaJ belt. 

Durini: the summer of 1996, althoua)l racked with pain due to a occk disc 
injury, I was a euest oa the MGA trip to Glodwick Brick Pit and Park Brid£C 
aru. This left a bi& impression on me and so I resolved to rerum and seek out 
some real Carboni cola for myself, for in lrulb all that we. found on that day's 
trip were Oat. crushed-down specimens, interesting, but nOI detachable from the 
rock in which they were trapped. On my next visit I climbed along the top of 
the scree slope at lhc base of the bi& face, but was most unsuccessful for I 
a.pcc:led the shells to be very visible 10 the un•traincd eye, as mine was at that 
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1ime. Ne.-<1 I mllde my way down inlO 1he very dccpcSI pari or 1hc Brick Pi1 
and because I could see bedrock I assumed 1h01 this was how It h•d nlwnys 
been. Wrona aaaln: apparen1ly, unb<knowo 10 me. the lower put.s had recently 
been cleared or debris. On 1he 0111, lowest pari I round some fossil shells; no1 
just Carbon/cola, but some other lypc.,, rounder, smaller and shaped like pess. 
but all 1ha1 I found here were cracked or broken In some way or 01her. Al 1his 
poin1 a aerm or an idea started up in my heod and I resolved 10 seek out 1ho 
1rue soun:e of these shells so 1ha1 I could oollcct some for and on bchalr or Tbe 
Manchcsier Museum. I never believed 1hat lhese shells at the bollom had 
n1iarated IO this point from 1he bl& race on lhc olher side or tho quarry so my 
eyes b<&Jn IO wander alona lhe smaller faces nearer 10 me. 

In fron1 or me looklnJ nonh was • banklna or shale rislna up abou1 20 
&,c1 above which the btnk fell away down IO Rouod1boro Road. I had no easy 
way or approachioa this bank for just be.low ii, bu1 parallel 10 it w.u a five roo1 
wide 1rencb which hod 1wo boles on iu base and a coal seam of about four feel 
thlclcncss vislble 11 it.s end. On the previous MGA lrip we had seen the cleal 
direction demons1ra1ed with compau and experienced hand at Ibis very spo1. 
The 1wo holes in the bottom of the five foOI trench intri&ued mo, so on one visit 
I stuck lhe whole lenslh of • walklna slick down the hole, and althoull,h ii hi1 
the side on the way down, the stick never found I bouom. Eac.b visit I made 
I always stancd by sean:hin& lho srwnd 11 and arouod this trcoch fim, for I 
often picked up lhe odd shell on mos1 days !hero. and in a way 1his just wasted 
my time for a.II those on the Oat bouom has been damaged in some wny. 

Ourin& lhc early visits I could see the shafts hiiher up the hill bein& 
irwted, one after the 01ber. This is a sys1em where Oy ash from • power 
station is miJcd with a little cement and wnter and fed, powered by gr.tvity, 
down lhe hill and in10 a drill. In this wny any hollows are scaled and 1hc land 
above Is made safe for the general public to use. Because I w.u used 10 
glancina up at lhe drills while I was in 11te quarry, I also bad to look up and 
about me for another reason, this bein& to save my embarrassment ! In order 
to move up onlO the banking above, I had to take a quick nm across the trench, 
exactly between 1hosc two holes or unknown deplh, lhen a groat LEAP up 10 
land on a vory unstable slopin11 led&e or son shale saod. clawing desperately IO 
avoid slipping back into lhe trench. I could feel so foolish al 1bat moment for 
friction \\'as at zero and i( anyone saw my struggles .... 

Eveniually I found a different roule 10 the bank and so slowly moved 
upwaros. About tc:n rec1 below me a1 the end of lhe trench was visible lhe 
famous Black Mine Coal, Oldham's mos1 consisient coal and always of good 
quality. From my perch on the banking I could also sec to where the Little 
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Mine Coal hid been uncovered some wecb before ai a much hi&hcr level, bu1 
across lhc quarry on !he other side. Up on !be bankina ii was quite difficull IO 

keep one's feet, and IO s,op them achin& and sli<lin& I sank down o.nto my knees 
and so fcund this a much more comfonable way ,o look for shells. Not havina 
brou&,ht any special aools with me on this occasion l re.ached out and used a 
brok~rr pan handle for scrspina 11 lhe shale. Above Ibis shale continued up 
quite steeply for a furlhcr 10 IO 12 feel IO where the line or irw wu &rowina, 
its roots in a soil containin& some obvioua &l•cial pebbles. No real success wu 
had with the pan handle; not ono shell pvc itself up, so I petitioned lhc handle 
carefully so lha1 on my nexi visi1 I would know euc1ly where I had n:acbcd. 
I lhcn ,1aoccc1 clown 10 whcrc I had knell and the.re, lyinJ proudly down on lh•t 
slope, wu a near perfect specimen or Carbtxllco/D. my very Orst treasure. 

On lhc oexl Tuclday 1wo o( my colle~es from Mancheiltr Museum, 
Mr Simon Riley and Mr Anbur Ball, came with me and Ibis time we bad 
brouibl alona a amall ralte for lhc shale was quiuo dry and did not require a 
hammer or chisel. We scrstched about on Ibis sandy slope as hiiJ, as we could 
reach. Suddenly, as I raked, a small lump or Ibis iilule came out and fell at my 
knee, and !here in !be hole thAt wu lef\ in the bank sat a shell, 1.r11pped and still 
held in the position in which ii had met its death 10 many millions of years 
before. Trapped all !hose years in ill own cocoon or shale, I slowly lifted it out 
and most carefully pla<:ed it in a clean plastic baJ. This was !be first or 13 
shells !bat we collected, all from lhc same band. Tu say I was pleased would 
be an underslatement I 

It was lhc elcvcolh bour tbouch I only realised this on my next visit less 
than one v.'Cd laieL To my horror •II of Ibo bottom of lhc quarry bad been 
chan&cd, a temporary roadway bad been set, angled down inio the bottom, 
down the •id• ban.king, and lhe bulldozer bad even nm O\'cr lhc plate lhat we 
had knell. I clambered up and found !he last or lhe thirteen; they bad been 
~thcr sparse in their distribution and by no means were a:ivi.ni themselves up 
easily ! 

As my wire and I come down inio !be quarry !hat day we bad noticed a 
dark smudge for !be first time. I cleared lhe ledge that we had knelt upon of 
all of ill loose sand and was pleased ,o uncov,,r a small coal, just a few inches 
thick, l'M> or lhrce feet below where !be shells had been e.iracted. Next I 
angled up slightly IO lhc left up alo11£ !be ledge and was able IO soc Ibis same 
coal in lhe same position relative to the ledge., and as we went down to th.ls 
temporsry road IO make our way home, my wife spotted Ibis coal &t a lower 
horizon wbere it b.ad been cut •cross ia the making of the road. She reached 
down and triumphantly held up another shell that she had just spotted above lhe 
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MUSEUMS ROUNDUP 

Clilheroe Castle Museum 

Though 1101 aeoloaical, the busiest part of the )'ear hos been the week of 
Medieval Re-enac1men1&. From Monday to Friday we bJld one hundred 
childn:n every mornina and af\emoon cakina part in four activity an:as. These 
were led by enaciora in period dress dcmonst.ratln& the trade of 1hc blocksmith, 
household cookin& methods, the use of a easile and aame,. After rotatln& 
round each sta..od, a demonstratJon o( arms and armour was 1iv~n and a short, 
but noisy n:ndltion of a skirmish was acted out. Each SC$Sion ended with the 
firin& of an early cannon. (My car drums are still n:coverina I) 

Work on lhe collections has continued, wilh more Iha• 7,000 items now 
documented on lhe computer database and fully rNtorcd in new surroundinas, 
The most sianifiean1 chanae over tho year has been !be transfer of the 
Blackbum Museum Geological Colloc1ions. These also contain the collections 
from Rosscnd•le Museum which were transferred to Blackbum around twenty 
years ago. Much of tho mote rial has yet 10 be looked at, but the most impor13.nt 
seems ,o be a collection of several hundred pieces or Solnhofen Limesione with 
various wonderfully prcscrv,,,<J fossils. 

As I am movina on ,o pastures new (British Geological Survey), I would 
like 10 mke this opportunity to thank all those people who have helped to work 
on the collections over the past four years, particularly Norman Catlow and 
Mike Millward. 

{Alistair Bowden) 
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SU.lfordshire RJGS 

Due to a lsck of su1Tteicn1 1'0lun1ccr1 and the rcsuhina slippina of 1hc 
pros,amme, • re-appraisal of RJOS business procedures by Alastair Flcmin& 
and John Reynolds has rcsult<d in the sc11ina up a number of worklna aroup,, 
10 aci more people involved. Tho commiueo moctinas have been reduced 10 

1wo per )Ur, and five worldna a,oup, are responsible for su,crlna, alto vlsils, 
bids, fund-raisin& and publiea1.ions. The AOM mcctin& of the Staffordshire 
RIGS Gl'O<Jp on 121h May 1998 approved these clwl&cs and work on the 
around hu recommenced. 

Three si"" wore confirmed al the AGM u fulfillin& the revised 
ev1luatioo requircmcnlS which are particularly aimed II the educational 
pow,tlal. These sltoS arc: Apes Tor, Manifold vslley (SK 099 586), showin& 
folded Carboniferous limcst0ne; Hoftoo's Cross Quarry, Cauldon Low (SK 073 
480), sbowina Carboniferous •,ccr limestone; Mow Cop Folly Quarry (SJ 857 
572), sbowina mineralised Millstone Grit. Two further sites, which happen to 
be multiple exposure sites, bad been ratified 11 the Oroup meetina on 17th 
Man:b 1998 as follows: Hiabshutt Quarries, Cheadle (SK 032 439), showina 
Triassic sandstone and pebble beds; Miry Quarry, Apedalc (SJ 812 494), 
sbowina • Lower Coal mouurcs Sl.llgc boundary. 

For further details please conlact lbc Oroup Chairman, Keo Rout (Tel. 
01785 662291) or Sue Lawley (Tel. 01889 508534). 

Greater MancbtSter RIGS (Simon Riley) 

The combination of vuluolccr ill bcallb. Ibo Museum Capi,al 
Developmenl Projec1 (oecupyina considerable &taff and vulun1eer lime) and the 
very wot summer, bas iaken ill toll on Ibis year's siie recording, However, wo 
have made progress. Thero arc still a few siu, recording for,ns to be returned 
for Ibo orieinal eieht dlstriclS taken on by Greater Manchester RIGS and a 
further ten sites are awaitin& investi&ation in lhc Stoekport area. 

In September Tony Browne reproscnt<d our &fOUP for • thrce-<lay. UK 
wide RJGS conference held ll Universily College, Woroc5"'r. 

For further information contact Simon Riley, ttfanchester University 
Museum, Oxford Rood. Manchester, Mil 9PL (Tel. 0161 27S 2636; Fax 0161 
275 2676; e-mail simoo.riley@man.ac.uJ:). 
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bl•ck lino 1ha1 was our 1hln coal. This shell did n01 ao ln10 tho b•& with 1ho 
01hcrs; lipplna h•d bcaun and bulldcncr> were whlrlina •bou1 all over 1ho silo 
wilh lorries consu,n,Jy brin&I•& landfill for the dozer to level ou1 in Ibo noor 
of lhc qu•rry. 

Our 1Jme to collec1 Caroo,1/C{)/a hod aonc and •• this. the 1wolfth hour, 
all was los1. A hl&h fence had spruna up around all of the sides wilh a larao 
p3dlookcd aau,. I ao1 a s1rona Impression 1h11 ordinary folk were no1 11/0lcome 
in 1ho landnll area just then. A section of the Lowsido Brick Pit Quarry still 
uisis da1ina from 1he 1920's; this stops a, 72 feet below the Oldham Orea, 
Mine, bul my shells were found deeper, ai 89 foe, (27.4 m) below 1hi1 coal, 
jusi icn feet above the Black Mine Coal. 

So this simple iale of personal salisfnction, of a job done with care and 
dcu,rmlna1lon, In some obscure Wl'J brines lhirtccn shells bac.k IO life aflcr so 
many million yea11 and in a small way adds to our knowledae of• w,irm, wet 
world of• Iona lime past (sec Eaaar & Holliday. 1his 1'01umc). 
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A NEW NON-~tARJNE BIVALVE t,\UNA Bl!.LOW 
TIIE OLDHAJ\l GREAT JIUNE IN WWSIDE BRICKWORKS 

QUARRY, GLOOWICK, OLOTIAJ\f, LANCS 

by Michael Eaaar & Harry Holliday 

HORl7,0N ANO SOME P.ARLY WORK ON THE SITE 

LowJide Bric""°rk:s, Glodwiclt, 2 km southwest of the centre of Oldham, 
bu Iona provided a secdoo of just oYCr 20 m of Upper Wcs1phalian A shales 
and mudstones lyina becwcen the Oldham Great Mine and the Blcofire Mine 
(Fi&, I). Shells of Carbon/co/a arc particularly abundant and often well• 
preserved in bands between these coals, and have been referred IO sevel'lll 
morpboloiical species by W.B. Wri&ht (1930, 1931, 1936) and by Trueman & 
Weir (1947a, b). Some fosslliferow horizons includina non-marine ,hells were 
ooccd abo below the Oldham Great Mine and were lisicd by Tbnb tt ol. 
(1931), but not identified. Tho Accession Rcaiscer of tihc British Ocotoaical 
Sun'C)' in 1926 records shells 11 16.S IO 13.S m, and S.3 10 3.3 m below the 
Oldham Great Mine at Lowside Brickworks Quarry. We muk these horizons 
in the section, inset left, F"igurc I. and include dcseriptioos of the four shells 
collected by the BOS in our paper. 

W.B. Wright (1931) placed the Oldham Great Mine at the base of the 
o,vlis Zone, later renamed the commw1is Zone (Trueman & Weir 1947), and 
subsequently comnwnis Cllronozone. This wnal boundary wu confirmed by 
Ramsbo«om ,r al (1978) who placed the commencement of the cristaga/11 
fauna! bell (shells with abundant Carbonlcola crlstago/ll) 11 the base of the 
succeeding modio/aris Cbron070ne. Lowside Bric""°rlcs, Olodwick, rcmoinod 
the be.st and Jatcr the only acc«sJble site on thjs bori1.0n in the Pennine area 
and was designated a Site of Special Scientific Interest by the Nature 
Conservancy in 1989. A general account of the quorry in relation IO local 
geology, conditions of sedimcncatioo and preservation of the f.auna bas been 
&i•eo by Broadbum (In e.gar & Broadhmt 1991). 

RECENT WORK IN THE QUARRY 

Much or the surroundings of the quarry, notably the land IO the southwest 
of it, arc being reclaimed from dereliction and being replanted (Oldhom 
Metropolitan Bcrooih 1997). In the summer of 1996, as port of the 
preparations IO establish a firm boundary, or bond, at the base of the main cliff, 
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CONSERVATION CORNKR 

Loncasblre RIGS (Keith Williams) 

An eorly phase of furious activity aimed at preparina our rundin& bid IO 
the Horita&• Lottery Fund was necessarily followed by • lcnathy period when 
we were effectively slOppod from doloa anything on the ground by the strict 
enforcement of rules rclatina co retrospective fundina., However, the. real blow 
ca,nc with the refusal of the &rant at least pro ttm, It seon1s that ou.r bid 
tria&ercd a bit or a panic at HLP whose trustees cnvisa&ed ii co be the second 
of a waYe of RIOS applications. Its response has been 10 set up a committee 
(it wu ever thus in the British establishments) IO determine what poilc-y it 
should adopt towards this anticipated phenomena. Meanwhile, our application 
has been described by one of the trustees as "on bold" ond we cnvi>aac that we 
will have to modify one or two elements of it lO gee eventual approval. 

Coincident.al with this setback, a number or key people who have £ivcn 
the Group cnormouJ support in the past hl'l\le either moved out or lhc area or 
found the pressure of the day job cu.rlllilin& the amount of time thol they con 
spare for RIGS. Thls accounts for why some of you may have received a letter 
from me askin& for your support. We an: hoving to re-build the Group and so 
far have rec:rujted lhree now members. buc couJd do with two or three mote to 
underuko key positions. 

Paradoxically, while th.is sounds rather gloomy, RIGS affairs nationally 
tre movin& forward more positively Lhan at any otbc:r time and v.-c sec ourselves 
"·cry much as part of that mo\•emcnl. We are planning to focus a special effort 
on the Ros.scndale Anticline where no RIGS sites have been designated and are 
havin& discussions with the County Planners in order to dovetail our proposals 
with any that they have as part of the Strate&Y for the Reclamation of the 
Rossendole Quarries. We arc also keen lo c,plore the possibility of developing 
a series of landscape interpretation boards at selected popular view points across 
the County and are worlcina with Bolton Institute on the development or a 
virtual reality reeonstruelion of the Clilheroe reef knolls with a view to its 
possible incorporation into the Sollhill Room at Clitheroe Castle Museum. 

Each of tbe above action areas arc very much site specific and il is hoped 
that it may therefore be p0ssible IO auract Landfill 11" funding IO cover the 
expenditure involved. We are discussing that with Lane.shire Wildlife Trust 
as the local ENTRUST aaents. 
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CONCLUSION 

All three or the sites today show lilllc evidence of their earlier 
imponancc. The alum mine ccued production in tho 18th century when be11cr 
and cheaper sources -A'C.re discovered and C\'Cfl the requirement for alum u a 
mord1n1 became obsolete with the in1roduc1ion of ,ynlhctic dyes in lhc mid 19th 
century. Jt ""'U never worked a.a.tin and is now preserved in tn area of ancient 
woodland. 

Bevis Bulmer's workinp were llter expanded by the Whiiewell Minina 
Company and became part or lhe Brennand •nd Whitendale min••• which wen, 
on ID produce OYCr a thousand 1Dn1 of lead before ics closure in 1874. II is 
doubtful if any sih•er was ever obtained. RcmAins of minina aetivily can be 
1ttt1 lhrouahout lhe a~. 

Wllli•m Plldsay's mine was lhe latest ID sec any minJna activity. After 
centuries or very little productivity as a lead mine, it was Jlnally worked at a 
prolit in the early 1950'1 when two $1udcnts recovered sevcnal tons of barytes 
for ulc ID the oil industry. One suspects that this lauer..tay enterprise probsbly 
pve a better recum t.ban did lhe dodcy silver dcallngs of Mr l'lldsay I 
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Figure I. The site of Lowside Brickworks Quarry, Glodwick. A star marks 
the small area in the face of the quarry where shells above the Coal Smut (c.3m 
above the Black Mine) were obtained in 1996. The section, inset lcll, is taken 
from ow- own observations. Only lhc disposition of shells below the Oldham 
Great Mine arc shown in this sectio.a. 
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lhe strata below lhe Oldham Great Mine, which had been partly covered for a1 
ltast 30 i-urs, ~re .-...,,pcmc1 to a depth or just over 28 m below lhe coal. 
They were also made easily accessible in the deepest part or the quury, to the 
soulhcut (1"11, 1). The Black Mine, 122 cm or aood coal, lies c. 3 m below 
the Coal Smut or the section shown left onset in Fiaure 1. This Coal Smut and 
the mudstone immediattly above ""'' exposed in a ~1hercd, powdery 
COllditlon in lhc oortheuttm p•n or the • Aru or Infill' marked In Fia, I, 
where precise measurements could not be made. Al the starred locali1y in 1his 
area one or us (H.H.). notini the presence or an occasional e.cellcntly 
preserved closed valve pair, combed the powdery <lnita above the Coal Smut 
with a small window•bo• hand rake. Thinoen valve pairs were obllined in this 
way. No rurthcr collection was possible bc[ore lhe section was covered by the 
planned 1nmlina indlcattd In F',a. I (see paper by Holliday, this volume). 

SHELL COLLF£TIONS BELOW AND ABOVE TIIE OLDHAM GREAT 
MINE AT GLODWICK 

This paper is concerned with the description or tho shells from above lhe 
Black Mine, includin& the four shells found by lhe BOS below and above Ibo 
Uttle Mine, and or the much thicker, rich shell-bearina beds with notoriously 
areat varbtioo whkb Uc above the Oldham Great Mine (W.B. Wri&ht in Tunks 
tt al. 1931). Wri1h1 (ibid.) rcearded lhe sl1ells above the Oldham Great Mine. 
aod above its "-'tStem cquivalenL, the Trencherbone Mine, as constilulina a 
sinale iencral distinctive fauna. Collec1fo& lhrouah measured iniervals in lhe 
strall at Lowside Bric""°rks Quarry in two visits In 1954 and 1955, one or us 
(R.M.C.B.) found stron& suaaestions or a non-marine shell sequence. For the 
present purposef ~er, the coUections made lhe,n, and now r-c:gistcrcd in The 
Manchesttr Museum, are lumped together and compared in bulk with those 
rceen~y found (by H.H.) below the Oldh•m Oreai Mine. A second collection 
was made by members or the Oldham Gcoloaical Society in thc las1 rew years, 
but bek>re the recent development -.ork on the site. The specimens consist of 
ovu 65 shells mainly as sccinkc.ros, mostly sliahtly crushed la1c1111ly, with thin 
shells, with a few which have boeo lattrally Oaittned. There are also 
occasional shells lyini flattened in slabs or shaly mudstonc. 

SHELL MEASUREMENT 

Measuremcois of the length, heigb1 and lenglb or the anttrior end (Fig. 
2, top) or shells in lhe new band at the base or lhe quarry ba,oe been plotted 
~inst those or shells collecltd in 1954-55 from horizons up IO nearly 10 m 
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have areo1er solubilities and so remain behind In lhc mother liquor afier 
crymllisatlon, This is especially so or sodium aluminium sulphate (,oda alum) 
which was incvit1bly formed from the sodium con1cnt of the urine and of the 
wood ashes. Its loss in lh~ mother liquor mronc a w.lSllli!C or aluminium and 
or some or the sulphuric acid (althou&h Ibis was usually present in excess). 

A ll\r more imponant source of problems was the presence of calcite, 
which Is a frequent component of shn(ej. This would react with sulphuric acid 
to form an Insoluble sluda• or calcium sulphatt and 1r present in any quantity 
it could and did make the shale unworkable. This was the main reason ror 
Chaloner'& ma.ny falled atttmpts berore lhe Yorkahlre enterprise &Ot under way. 
The Yorkahirc worluors inciden1ally found a useful marker for •aood' shales in 
the presence or the Jurassic bivalve, Nuculana. However, this was or no va1ue 
10 Sir Richard Hoahton's workers in the Upper Carbonirerous shales or Alum 
Scar. 

Sir Riehatd was fortunate therefore to find chat be had on his lnnd a 
convcnicnl exposure of aood alum shales or the Upper Carbooiforous Millstone 
Grit Series. S1ra1laraphlcally they lie bccwccn the P.lrsonaac Sandstone and the 
Alum Craa. Orie, but more importantly from Sir Richard's point or view they 
are pyritous and low ln calcite. They also have appreciable oreanic content 
which would help with combus1lon. Being short or ready ca.sh he mortgaged 
the Manor and Demesne of Walton-le-Dale and with helpful as.,istance from the 
Yorkshire works he set up his own alum mine at Pleasington. ln 1614 he was 
granttd a licence to make and transport 500 tons or alum )'Carly for 24 )'Cars 

al the fiAed price lhe.n prevailing of £25 per ton I but he was in 6na.nci.31 
difficulty. The mortgagor W'JS pressing, and he hod to extend lhe mortg,,ge al 
a cost or £7,500, and again al the same cost in 1615. His enterprise WllS not 
aoina to aet orr lhe ground, but timely help arrived in the person or King James 
J who visited Hoghton Tower io J 617 on the famous occasion when he 
rcputtdly kni&httd lhe joint of bur al a bonquc1 given in his honour: 'Arise Sir 
U>in /", 

During his stay the King visited the alum mine and "viewed it precisely•. 
He muse have realised the potencial there and the whole matter was resolved by 
the anorcgage being redeemed on his Majesty's surety. 

The mine became a Royal possession and Sir Richard was poid £2,700 
per year for two year.,, One fools that the Kina &Ot the best or thc bargain, but 
the Hoa,hton family retained an intereSt in the mine for the next two 
generations. Indeed there is evidence for the continuation of production up to 
the middle of lhe 18th century. 
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The vilal inJredicnl for the purpose of dycina cloth was aluminium, 
which was prcscnl in the shale IS aluminosilicates, with the product, alum, 
be.in& 1 m.ixture o( potassium and ammoni'um•alumlnlum sulphates. 

The ,real seem was in the proccssini of the nw material, shale. NOi 
just any shale would do, IS Chaloner found to his cosi. It had to be the riaht 
lcind of shale, and there was oo way or rtndinJ the riahc kind other than by trial 
and error. 

In order to process the •hale, ii was duJ out and bumcd in hu&o, slow 
bonfires of brwbwooc!. Tbe fircs were kcpl 1mouldcrina away for montha with 
fresh layen of shale and brushwood added tnc! the outer surface dampened 
r~uently to control the combustion race. All this had the effect or oxidislna 
iron pyrites in lhe shale co form sulphuric acid, which in cum reacted with the 
aluminosiliCllCI to form aluminium sulphate. Tbe wood ashes from the fire 
contained potassium carbonate, which also reacted with ..ccss sulphuric acid 
to form potassium sulphate. 

The ocxc staJC of the process after the fires had bumed out was to leach 
the ashes with "~tcr to dissolve the soluble salts which had formed. To thi• 
leachate pllons of stale urine were added iJ1 elfcct addina ammonia to the 
mixture, and tho whole was boiled in leaden pa.ns to the point where crystals 
of alum formed oo coollna, Fresh urine contains little or no ammonia. With 
the paSiage of time, however, tbc compou.od Urea which is present in the urine 
is eradually cooverted to ammonia and carbon dioxide, so that the ammonia 
content rises to an avcr.igc of around 2 ~, Hence lhe requirement (or stalt 
urine. Urine for the East Yorkshire works was actually collected In London, 
where it commanded a price of five pence per barrel. There can be no doubt 
that it was stale by the time it reached the port or Whi1by. Sir Richan! was 
most likely able to obtain his &Uppties locally. 

It was quite a "rule of thumb" opcrat.ion and required slcilled workmen 
to control it; 100 much heat tt the combustion stage would decompose the 
sulphates and lca-..-c behind onJy a mixture o( alumina and iron oxide; 
insufficient potash or ammonia re&ulced in low yields and misjudgmenl of the 
right time to stop the boiling proccu could result in crysullisation of UDWallted 
species such as ferrous sulplwc. 

It was also a ,,.ry wasreful process. They were fonunate in that the 
desired products. anunonium and potassium alum, have the same crystal form 
and the sa.me solubility, so that Ibey both crymllise in the same conditions of 
temperature and concentration. All of the other species formed in the process 
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Figure 2. Dimensions or s,heUs of Carbon/cola collecced from below and above 
the Oldham Great Mine at Lowside Brickworks Quarry, Glodwick. Equations 
of the fiUcd lines for these faunas are ;iven in the text. The dimensions of four 
shells collected by the Brilish Geological Survey (1926} are added with a 
separate symbol. Of these the largest was collected from the interval 16.S to 
13.S m below the Oldham Great Mine, and the remaining three from S.3 to 3.3 
m below it. 
Inset: Method of mcasu,cmcnc. Shell lenath, l, is measured parallel to the 
line of the hinge. Shell height, H, is measured al right angles to the length. 
Length of the anterior end, A, is measured from the umbo parallel to length. 
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•bovc the Oldllam Great Mine. The araph of Fi:ure 2, centre and bottom, 
shows the contrasted fitted line, to tbe,e poinlS for the filunas when the shells 
from several horizons above the coal arc considered 1oaerhcr. Each line 
rcprescnlS the mClD arowth of the filuna with respect 10 shell lcncth, hcicht and 
lcnath of anterior end. For the new bori:ron with 11 measurable sbellJ lyina 
27 .S m below the coal, by the method of lmbric (I 9S6), 

H • 1.121 L • 18.8 ...... (i} 

and 

A • 0.S1S L • 10.8 ...... (ii) 

For 2S sbeUs collected up to nearly 10 m abo\•c the Oldh•m Great Mine and 
crouped tocether, 

H • 0.588 L • 2.30 ...... (iii) 

tnd for 22 shellJ with measurable anterior ends, 

A • 0.295 L • 1.929 ...... (Iv) 

In tcrmJ of sbcll lcnath, bci&bt and lcnath of anterior end, the shells from 
the new horil.on grew with greater increase in proponionatc height (HIL ratio) 
tnd proponiooate lcnath of anterior end (AIL ratio) than those from above the 
Oldham Great Mine. Their pattern of &rowth was thus differMt from those 
sbellJ collected from horizons above the coal. The difference in the slope of 
the lines is i:ignificant. a.ppearini despite the a:rea&er numbers of shells available 
from SU'all above the coal tt>d the wide variation in the lateral profile, of both 
sbcU groups. There is thus a numerical basis for the apparent differences in the 
general cllaracter of the faunu fnund below and •hove the coal (Fig,s 3, 4). 

The dimensions of four small shells collecicd by the British Gcoloeical 
Survey from below the Oldham Gre2t Mi.ne are also plotted on the araph of 
Fig. 2. Whereas one shell, with length falling just within the site range or nur 
coUcctcd shells (Fig. 3.15) Ucs •lso marginAlly within their range of si.r.c at>d 
proportions (Fig. 2, shcU at 34 mm long), tho ,emainini 3 small shells (Figs 
3.4, 4', 12), were collected at the top of the shell bearing strata near the base 
of the Oldllam Great Mine (Fie. I, section inset, left). All show increased Hll 
and AIL ratios and decrcoscd size (len&th), the best example of this combined 
trend beinc seen in the sbeU of Fig. 3.12. The S>rnc combination of shell siu 
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of Hoahton Tower and his son Gilbert, who claimed 10 hove a prior claim 10 
the minina nihl$ of the area. Their claim w>s hosed on a arant of the farm and 
vaccarics of BrcM11nd and WhitcndaJc dntina from 1414, and wns reinforced 
by a 1608 irant of James I oriicensc: "to myne oml d/gge as 1vt1//Jor lead care 
and co/e o.s ollsojor al/ such copper oore ond store o.s sha/1 happel/e bef01md 
in all or an/< th< WO.SIi growids of the sold King's Mqfml, of rlit Fomt of 
Bowland". This proved t00 much for Sir Bevi1, who quit the mine and 
departed, first, • causing his ~'llrlllne11 to throw In the works, which have Q/le11 
since been Olttmptt.d but the same rich vtln could 11t1-er be found since". (Or 
at lout no ono has ever admitted to hovlna round it I) 

ALUM SCAR 

Sir Richard Hoah10n &ltincd little from his acquisition and although he 
seems co have maintained his lnlcrcst in the possibilities of the area for some 
time, his attention was soon dire,ctcd 10 another source of mineral wealth, the 
third of the three RIGS In the talc. Herc, at Alum Scar, on the bank$ or Arley 
Water, near Pleasinaton, he established •• alum mine. 

Alum was a valuable and Important commodity, findina use i.n the tannin.a 
industry and in paper sizina, but by fur the major use W3S in the dyeing or 
v.'OOllcn cloth, whc.re it func1ioncd as a mordant to fix the fu&itivc: vcaetcblc 
dyes used >t that time. Its unforturulle feature was that the only source of 
supply was in Italy, where the Vatican held the n10nopoly and secret of its 
production. In post rcformatlon England this was not considered a satisfactory 
state of affairs, and In 1560 John Chaloner was charged by Elizabeth I with the 
task of setting up a domestic alum industry. He vi.sited the ~pc's alum works 
at Tulfa to the nonh of Rome and is reputed to have suborned some or the 
workers there, going so far as to smuggle them out in empty alum barrels 
together with the details of the secret prcx,oss of manufacture. The ~pc wa, 
not pleased I He excommunicated John Chaloner forthwith and pronounced a 
blood-curcllin& curse upon him, It didn't work, because John went on to set up 
a proniable alum works In Wbltby in North Yorkshire, lived 10 a ripe old aae 
and retired on a comfortable pension of £26-13s-4d per annum ! 

Chemically the name alum denotes a aroup of compounds called "double 
sulphate$• in which the sulphates of a monovalent and a trivalent species are in 
close molecular combination. havin& the general formula: M 1, M2, (SOJi, 12 
HiO (where Ml = a unlvalenl spede-s such a$ Na•, K♦• NH/ ere., and Ml 
• a trivalent species, e.g. Al ..... , Fe.++•, Cr ... ••. 



 

 

&Old prospccdna on his own account, and soon discovered quantities of the 
metal on Hindeland Moor in Etuick Forest. In what appe•rs an astute move, 
he had this sold made up in the form of a porrinser and presented it to Queen 
Eliabeth I, iasierully •111med with • verso of hiJ own devisina: 

I dare nOI go,,, nor y,1 prtstfll 
8"' rtndtr port qf that's tllbtt ""'" 

My mind and hartt shall Jtillt /n<'tnt 
1b stkt OUI lrtOSUrt ytl Wlkno~nt. 

Well, perhaps he wu ao areat poet, but it i1 salutary to muse on the 
pielu.re of the Vir&io Quce11 eatiQa her momlna porrid&• from a ,olden bowl, 
and no doubt thioldn& kind thou&hll of tho donor. 

Bevis Bulmer went on to make many other discoveries of preclous metal 
in El\ilaod and Scotland. By 1587 be was "A grtat /tad man upofl Mendip". 
and wu instrumental in reopeniQa the rich silver mines al Combe Martin in 
ee--onshirc. 

He was kni&J>ted in 1604 and a proclamation by the Privy Council of 
Scotland in the same year prohibits anyone from, • Moltstlng or 7>-oub/ing Sir 
Bta1u Bu/m,r In his Starch/or Mt1als". lo IOOS be was appointed "Chief 
Go>'tmor of tht Kint 's Mints" by James I. 

By 1610 ho was workiQa his silver mine in Bowland, DOl aU that fat from 
Walliam Pud5ay's operation, and his claim of 197 ounces per ton, &ivon his 
reputation, makes Pudsay'& claim just that little bit more believable, althou&b 
it must be said that the lead ore currcndy found in the area of Bulmer's mine, 
like that around the Rlmin&IOO mine, docs not contain more than about 4 O\lll<:CS 

o( sih-er per Ion. So what is the explanation 1 Well, probably both men....,. 
lucky enough to lappen upon a "zone of scconduy enrichment•, probably of 
limited extent. Bceause the chemical properties o( the two metals differ, ore 
veins near lO the surbec an: diffen:ntially weathc""1. Subsequent transport by 
water and redeposition of the \\'eathcrcd materiaJ can result in the obser.•ed 
higher silver eonecntrations. At Tynagh in Ireland, just such a dcp0$il was 
dis<ove""1 in 1961 in limCSIOncs of similar Chadian/Arundian age. Herc the 
,:one of secondary eru:icbment proved very rich indeed and provides an example 
o( what might have been found by Bevis Bulmer and Wtltiam Pudsay all those 
)'ClrS ag-o, 

Bevis Bulmer did not have ""fY long lO congratulate himself on bis 
fommate discovery. His title to the mine was dispuied by Sir Richard Hoghton 
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and proponions of Carbon/cola has been seen and studied on a lower horizon 
in Coal Measures f.tcics in west Lancashire. At (our localilie.J near Up 
Holland, 1hn:c less lh•n I kn, apart, the si:r.c or a shell wc.mblaae wo, found 
10 decrease, with concomitant increases in Its I/IL and AIL ratios, as the rate of 
local sedimentation increased (Ea1ar 1952), II seems reasonable to suppose that 
the smal.1 shells at the 1op or the thick band of the ~rsely distributed faunas 
below the Oldham Oreat Mine may have been the result of similar 
cnvlronmentlll prcssun:, and that sedimcntntion rnte may hnvo Increased as very 
shallow water silted up and eventually pve rise to e011I swomp condition., (Pi&, 
I, section), The parallel is completed In that on both horl;.on., very smoll ,hells 
are found in very similar llah1 arey mudstonc. 

DIFFERENCES IN TIil! FAUNAS BELOW AND AIIOVE THE OLDHAM 
GREAT MINE 

The pictoarnphs of Pias 3 and 4 present contrnstin& paucrns or variation 
or the laternl outlines or shells collected respectively from below and above the 
Oldham Oreat Mine. 

Presen,atlon 

The shells from both general horizons consist of paired, coqjoincd, closed 
valves, those above this coaJ being seen lo lie wilh the median planes paral.lel 
to subparallcl to tho bedding planes or shaly mudstoncs. Those collected below 
it (by H.H.) can be infcr""1 to lie this way from the comparable degree of 
lateral crushina thal they have received; but the few smaller shells eolleCIOd by 
the British Oeological Survey below the coal an: without siins of crushin: (Pigs 
5a-d, b'-d'). They coosist of both valves, closed and joined togeth<:r as in life, 
whereas in tbc larier shells the valves are invariably slipped on one another 
alona the median plane of the bivalve, usually with a displacement of 1-2 mm. 
The orientation of the small BOS shells below the Oldham Great Mine is 
unccr1aln1 but the partial crushing of Lbe larger shells ln both groups, and their 
orientation and distribution within tho shales and mudstoncs on both horizons 
suaaests that they arc all life assemblages in die sense of Boueo1 (1953). 

In the recently collected shells below the Oldham Great Mlne preservation 
of the carbonate shell is panicularly iood and the shells are relatively thicker 
than in lhose above the Oldham Great Mine, where sbeU subslances arc often 
preserved in thin iron carbonate c:ovclopes ranging to films. Lateral crushing 
of th,_,. extends to occasional flattening of the shells. Tbes,, differences in shell 
presel'.''lltion1 which reflect a general relationship between sheU and sediment 
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FIJUI< J. Pkq<lph d ShellJ fn>m below lhc Oldham Grcal Mine at i.<M'»de Briclnmrks 
Quuty, Glodwick. Shell, 1-3 ...S S,11 an: &om abo,oc a Ccol Smut and about Jm aboYe 
lhc Bbct Mine (F1&-I). The horul>o i, abou1 27 m below Ille Oldham Grcai Mille. Sbdl 
15, GSM Coll Be 2093, -- from tho iAlaYll 16.S 10 13.S m b<low lhc Oldham 
Grtat Mlno and ii .i.,.,..., wo as Mi-Sd, d': ShtJls numbcn,d 4, 4' and 12, GSM Coll. He 
2111a, b, 2110, fium 5.3 10 3.3 m bdow the Oldbun Great Mine. al$0 shown u Fip Sa., 
b. b', c, t!. Shelli 1-3. S·ll, n. J-4, Mu:trner MllSCUm. U...11719. 11725, 11720, 
11718, um. 11126, um. um. 11121. 11m, 11116, 11717. 

Sb<IJJ 13 and 14 are concluded 10 baYe beal clerivod from a horuon above the 
Otdham Great Mine.. All the ficures represent 5bcJJ pain io which the most nearly complccc 
laa<nl pra6Je is meed and .i-. al"'3)'S as a ldl "1ve 
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which also occu,. as the sulphide, is frequently present in solid solution within 
the ~l•n• crysllll. The method the 16th century miner u•cd for cx1rac1ina the 
.silver from &~lcna was rirs.t to roast lhc ore in air to drive off 1hc combined 
sulphur as sulphur dioxide gas. The lead, now in the form of lead oxide, was 
mixed with charcoal and smelted at • hiahcr t<mperature to produce mctolllc 
le•d. In the next •Iii• of the process the lead w,s kept In • molten condition 
whilll a jet of air from a bellows was dlrcotcd across its surface.. This 
produced a skin of lead oxide on tho surface, wbicb accumulated and was blown 
away by tho alr stream. Eventually, all the lead wuuld be remuv<'d in this way, 
and what remained v..ias I smtill amount of almost pure silver mccru, which does 
not form oxide under these conditions. The silver would be funher purified by 
a process known as cupcllation, the mcldn& on • bed of bone-ash, or in a bone
ash crucible, whereby the last remainina traces of lead and other Impurities 
were removed by absorption into the bone-ash. 

To complete thi$ process, the blown---av.,ay lead oxide, now minus its 
silver eon1en1, was collecltd up and re-smelled 10 recover the lead. In the 
Yorkshire minina field small boy$ were employed 10 brush down the flues of 
lhe lead &melters in a similar recovery openuion. One suspects that they did 
not lead Iona and happy li1•es I 

All of this led w inevitable losses. About ,n el&hlh or tho lead was lost, 
and the extra work in the double smellln& meant e.ira c.pcnse, so it wns 
necessary that the amounl of silver rccovcre:d should be sufficient to make it 
worthwhile. This in lurn means th:lt any ore which conlaincd less than around 
25 ounces of Si.Iver per ton of lead was simply not worth bothering with. The 
silver conLe-nt of lhe ore around William Pudsay·s wod:ln.as Is about 4 ounces 
per lDn, which would seem to finalise any 11raumcnt about the reality o( his 
claims and finally expose him as a kind of Eli:zabethan eon-man. But I don't 
think so: which leads me on l(J the second of the three RIOS. 

WIDTENDALE/BRENNAND 

On the slopes of Burn Fell, above Dunsop Bridge in the Forest of 
Bowland, anti just a few years after William Pudsay's clasb with authority, 
Bevis Bulmer ope.rated a silver mine wh.ieh be claimed to have a yield of 197 
ounces or silver per ton. 

Bevis Bulmer "'as a Cornishman. and be first came to notice when as a 
young man in 1578 he was engllged by Thomas Foullis, a goldsmith of 
Edinburgh, to work bis lead mines in Lanark. Bulmer became interested in 
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A TALE OF THREE RIGS 

by Nornuo Cailow 

Whilst helpin& wilh tho work of lhe RIOS project lt Cli1bcroo Museum 
over lhe put few years, I hive been itwolved in documcn1in, m1.ny sites, three 
or which pro,•cd 10 have inttrosti11& associations with local hisiory. Wbat is 
znore. the hiscorics o{ the three sitcS ~•ere connected in a tale whlch was to 
hlcorporate politics. rcli&ion. , little chemistry of • aca10loeical narure, and a 
smaucri111 of aeoloSY, What bet1er inarcdients for • con1ribu1ion 10 as 
sooloeical journal I 

THE SKELFJlON MINE 

The first or these si1es is ll lop End near Rlmi11&ton, under tho scarp or 
Pcodlc Hill, whore in the laller years oflhe rei&n of Queen Elizabeth I, William 
Puds•y of BollOO·by-Bolland Hall, operaled • not very productive lead mine. 
He became n010ri0<1s when he bcp.n producing his owo shiliill&S, using silver 
which he cltimed 10 have ob11ined from the lead mine. In doiA& this he 
commluocl the two offences of roriery and lhe concealment or a "mine l'O)'II". 

The definition of a mine royal ,.,.. aivcn by Slr John Pettus in 1670 as: 

"Wlt,rt th4 oar, diggtdfrom any mint d()lh yitld, according 10 tht ndt1 
of on, so much gold or sill-tr os thol the mlut thtrto/ txcttd tilt chargt1 of 
r,finmg and loss of tilt baser mttal In "*ich It Is conJalntd, and from whtnct 
it is utrocttd, tiltn It is co/1,d "Rich Oort", or a "mint royal•: this 
app,naining 10 IM lcJng /1y /Ju prtfOfOll>'t. ... • 

Concealmcol of a mine royal, no less lhan foriery, was severely 
punishable eveo by lbc .andud of tho time, and ii may be lhat William Pudsay 
kept bis bead on his shoulders only by vinue of the fact that Quee.n Elizabeth 
happenocl IO be his Godmother ! Or perhllps there was no silver at all, snd 
William (it has been sur,estcd) was perpetnting a sly confidence trick in an 
a11emp1 IO encounae wealthy bac.kers 10 invest in his lead mining venture. Tht 
scraps or ore re.t11inin1 in the dumps around Pudsay's old workings would 
ccrca.in1y support this interprc1adon, since they contain very little silver, 
certainly no mon, than would be fuund in ore from other local lead mines. 

Ltad commonly occurs as the mineral plena (lead sulphide), and silver, 
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F',gur, 4, Piclo&raph d shells coUeclOd fn>m ..,"Cral borizoos up to c. IOm abOVc the 
Oldham G!Cll Mine at Glodwic:t Brickworks Quarry, Tho amnicment is based on du; 
variaJloo of moro than 80slldls In the M•nch<>la (U.,) and Oldham (OM.) Mu"'"""· All 
the scrilll numb<n d the i.ttcr are proceded by M5218. t, LL.11729: 2, LL.11730; 3. 
OM.4; 4, LL.11731; S, OM.28; 6, OM.56: 7, OM.II; 9, OM.7; 10, LL.ll732A; II, 
LL.11732B; 12, LL.11733; 13, GSM 486'3; 14, LL.II™: 15, LL.11735; 16, OM,5; 17, 
U..11736; 18, OM.6; 19, OM.2A; 20, OM.10; 21, LL.11730; 22, O~L30; 23, OM.S6; 24, 
OM.12; 25, LL.11737;26,OM.3; 27, LL.11738; 28, OM.36; 29, U..11739; 30, OM.2; 31, 
LL.11740; 32, LL.11741; 33, OM.18; 34, OM.17;, JS, LL.11742; 36, U.)1743; 37, 
O~l.62; 38, OM.13; 39, OM.19; 40, OM.21; 41, OM.26. Most Ulustr.ations arc of valYO 
pain, in which &he most nearly complete shell is always $hown as a ldl ,'3.1.ve. 

19 



 

 

in the Coal Measura. arc useful in judiin& lhe provenance of occasional •1oose 
ma1eria1• on the quarry (sec below). 

Crushlna 

llapr (1987) and &pr & Van Amerom (in press) have concluded 1hat 
venical crusbi11& of shells havina lhcir median planes lyina parallel or 
subptrallel to beddin& planes docs 001 appreciably aher oriiinol la1eral outlines 
of the valvca. Crushed and uncrusbcd wlls have therefore been placed 
qethcr in lhe piC"'iraphs of FiJs 3 and 4, 

Variational pattern 

The arranaement of Fip 3 and 4 is the rcsull of slandard picto11raphic 
trcatmcnl of all available shells from bolh bunas (sec Appendix). In Fi&, 3 
variation is sw, 10 ex1end •northward•, "northcast,.~rd" and especially 
•north-.utWIJd• of the central norm (Fi&. 3.1), wllh lhe production of lhc 
morpholoaical species Carlxmlco/a rhoml>oldalls (F",a. 3.9, 3.10) and C aff. 
rhomboidalls (F'ia. 3.6). C. oblu.sa {Fia, 3.3, 2) and distioctive ,hon shells wilh 
sl[&hOy clcvau,d umbonca and well••roundcd ventral marains. Trueman & Weir 
(1947a, pl. vii, fli, 4) rdcrrod somcwhal similar shells in lhc upper pan of the 
commw,Lr Zone 10 Carbonico/a aff. rhon,boldalls, but the l111er has a ,Ugbtly 
hiaber ll/L ralio lhan lhe shell of Fi&, 3.8, which also hu • more clearly 
defined umbo. The very small Carbonicola of F'tg;S 3.11 and 3.12. all show 
similarity to lhat of Fia. 3.8. These particular shapes of Carbon/cola have been 
reported nowhere else ,o thal a case for deseribi.og a new morpbolo1ical species 
micht be made. Apinst it is the complexity of the relationships between Ille 
shells of Fig. 3.8 and the sm•llcr F[&. 3.12 (see precedin1 section). 
Unfortunately the larger shell (f',a. 3.8) is panly crushed (Fig. Sr). Ill 1hcse 
circu.msttn<:es -.-c merely record lhe new variants. 

The shells of Fias 3.4, 3.4', 3.12 and 3.15, from Ille BGS collections 
made earlier in the quarry, irrespective of sluntio& arc all comparable with 
shells associau,d wilb voriants of Carbonico/a o/Jlusa iUusira1cd by Hind (1894, 
pl. vii, figs 16, 20-23)1 from lhe upper cmnmunis Zone of North Siaffordsbirc 
and have not been rcporled elsewhere. In brief, Ille remaining shells in Fig. 3. 

1 In lhc sa.me p"-le Ulnd1s f¢W"CJ 17 ud 18 are also cl0$dy comparable, with C obrusa 
in oo.r Fig 3. Trueman & Weir (1947a) discouoled Hind•s actribucion of die latter tM> sbc1ls 
10 II>< Bowiffl& Alley Coal and consider 11ia1 lllcy 10o c.uno from Ille upp<r comm11nis 
ChrooorMe m lhe Nonh Slafbrdshire Coalfield. 
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excluding those or Nos 13 and 14, all show close slmilaritle, with shells from 
horizons in the upper par1 or the comm11nls Chronozono, and In particular 10 
those in the North StAffordshlre succession. 

The ellCCj)(lon is the appearance in the fauna of Nos 13 and 14, which 
show no morpholo&ical links with the remainder of the fauna In Fi&, 3 and are 
unknown In the upper commw1/s Chronozone. They closely resemble shells 
above the Oldham Great Mine In both mode of preservation and form (see F'1,1. 
4.37, 38). A possible solution 10 account for their appearance in this filuna is 
that they we,e "derived", by fillllna from a hl&her horiZIOn 11 the time when the 
quarry was used for brlckmaldna, In summary, the main filuna below the 
Old.ham Great Mine correlates firmly with • horizon in the upper commun/s 
Chronozone, probably its top, contl'llstl11& llt<m&ly with the fauM above the 
Oldhom Oreal Ml.ne. II includes a suspected new morpholoaical species, with 
scmicireular lateral profile. Its aenersl character links it with the non-marine 
succession in North Staffordshire. The horizon wu previously unknown in 
Lancashire and it.s oocurrencc IU Olodwick: is uniquc.1 

N(YJ'F.S ON 'rHE FAUNA ABOVE TI(E OLDHAM GREAT MINE 

No studies have been made of this fauna as a whole. Tho pictograph of 
Fig. 4 su,icsts or indicates rcladonsbips bttv.>ee-n morpholoa.ieaJ species 
described In various papers by Wright, Truema.n and Weir. 

Lateral outlines of shells lyini on paths leading to C psttuwrobusta (Figs 
4.12-IS; 4.14, 19, 20, all members of the C. pstudorobu.rta group) show 
almost no transitions to other series. Tho C. cr/Jtago/1/ series (Fias 4.2, 16, 
17, 18) appear comparable only. The shell of Fig. 4.17 is questionably in 
continuous variation with the C. pstudorobusta aroup. This f:ulure of C. 
pseudorol>usta and its well-known variants to merge morphologically with shells 
of other groups Is fully consonant with the strong evidence from •c. 
pstudorobus10 bands .. that this species was a "natural" ooc, as opposed to the. 
numerous morphological species created and used by workers on Carboniferous 
non-marine shells. However, middlc-si,;ed shells of apparently different iroups 
can be very similar in lateral outline. The shell of Fig. 4.13, on the line 10 C 
pseudorobusta Trueman is one of the three pararypes of Carbon/cola as/ands 
chosen by Wright (1928) as a morphological species. This paratype is therefore 

'Hind 1894, pl. vii, ftg. 19, illwtmtod a shell allied to Corbonlcola obt.usa from Ashton~ 
umlcr•Lync. but ils further ~ is unblown. 
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rcjocied, but the Others remain. The rejee1lon is in conformity wi1h the no4c by 
Truenw, & Wcir (1947b) lhal !his shell has lhe coarser Jrowlh lines of a Ja,aer 
and strOnitt shell lhan lho holotypO of C. ostanc/1. Tho di:1&nosis of 1ho 
morpholoa)cal species C. os/ancl.r is otherwise unaffected. The morpholoelcaJ 
species typically Jrades wilh O!hcrs, as in !his diairam, but ics nu,alns are in 
practice defancd by the use of named fiaured shells in lho P-.laeontoaraphical 
Socicty's Moooaraph. Transitions to shell• wilh ralicd and inOatcd umboncs 
such u f',p 4.39, 40 (C. m1Jnfnf) are clcsr, and to Fi&s 4.35, 36 (C 
pectoroJa), but less elcsr &re Fip 4.38-41, lhe latter bcin& • new form. Tho 
shell of FiJ. 4.25 appea.rs to be an unrecorded or new form tnd iJ very 
qucstionably related to C. ps,u.dorobu.rfa and to Fi&, 4.24 which may also be 
new. 

ltl summary, &nd with emphasis oo uratianphical differences. both 
borilllns reveal life assemblaics in tho sense of Boucot (1953). Those below 
the Oldham Oreat Mine occur sparsely in srey mud,tooe which contrastS with 
the darker shales and shaly mudstones, rich in shcllJ above the Oldham Great 
Mine. Above !his coal there is no representative of Carbon/co/a rhombolda/ls 
(wbicb iJ epproacbed only in FiJ. 4. 7). Semicircular forms related 10 C. 
rhomboidolis are also absent, u is C obrusa. The norm and shon series 
"north" and "south" of it, wbilc comparable wilh Fis. 3.1. have variably lower 
HIL ratios and more icntlo posterior taper tbJln the "north-aouth" series (Fie. 
3.15) of the shells of the lower horizons. 
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a noted characteristic of coal seams and associated shales all over the world, 
described by Farey (1811) In a paraaraph which could hardly be beuen:d: 

•r have obseo·cd, that the Sllnes. or lenath-way Joints which noturally 
divide lhe Co•.l•seams vertically, aenerally 111na• about ESB and WNW, so !hat 
the Coals Face the two O'Clock Sun, or the Board, is in tllat direction, as the 
Colliers term it, or very near it, and that such natural joints in the Coal are not 
affected in !heir direction, by lho dip, however rapid or easy, or to whatever 
point of the Compass it may tend, nor by the FaultS. Which curi011s fuel$ seem 
to prove. that the kind of Cr)'ltallization which broke lhe Coal-scama into the 
recular rhomboidal pioces, was eomplclCd, prior to the Faull$ and dislocations 
of the Strata.• 

A compass will confirm the direction of the cleo1. 

10. Continue north-eastwards a 1hort distance alona the track to the ,i1e of one 
of these shafts which bas been capped and marked. A loadin& place has been 
made by lhe side of lhe track. The spoil is from the CJ<Cavatlon of the pit. 

From here, return to take the track through Orchtrd Ftrm and above 
Blackclouah Farm, contourin11 around the hillside to Rceve·edae qunrry. where 
there are tho best exposure, locally of lho Rouab Rocle 

11. Recve-cd&c quarry, wb.ich is within an SSSI (Rin& Ou:r.eb), is ext111ordinary 
on aCC011nt of lhe huge amount$ of larae stone which have been cast aside as 
waste, something unlhinkablc in a working quarry today when such stone, if not 
used for buUding purposes, 'NOUJd be crushed for ballasl, road construction or 
aggregate. Cleuly, lhe poor accessibility played a part. The fractured nature 
of this stone would not have produced freestone. The evidence points to the 
quarry having been mined for one parlicular type or sandstone and it seems th:it 
this was roofin& and walJing nacs. The Rou11h Rock is well known for having 
distinct beds of Oags (Crackcn Edge near Chinloy is another e..arople, where 
beds of flags were mined by underground tunnels) and lhc R«-vc-cdge quorry, 
from iLS layout with a Iona ucavation, aives the impression of having been 
""'Orkcd co remove one part..icular bed. The evidence for workiaa, practice is of 
hist0rio interest, perhaps important enou&-h to justify conservation as an 
industrial beritage site. The quarry w.istc has been built out in c.mbankments 
over the valley side and tracks run aJong the top of these, but ii is not clear if 
t11ey carried narrow gauge mineral lines or not. The ma.in period of operations 
appears to ha\'e been between 1850 and 1900 (Hughes 1996). 

From here follow lhe path through Dane Bow~r Quarry back to the cars. 
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moorland place, but extraordinary as ii seems. the stream 1.t this poinc pl"O\'idcs 
possible evidence lha1 ii was onee full of water servina as a dock pool for rub 
boais brinaina out coal from mine worldnas under BlackclouiJ, Parm. Farey 
in his 1811 I.ill of collieries includes: 

"Black-clouih (or Beat), 1/2 mile W of Flash, in Hartina10n Parish, Isl and 
2nd Coals. a arcai Faull across the Works, worked lately by a Tunnel for 
Boats•. 

Accordina 10 Leach (1996). the concrete walls (now supportlna the pipes 
of the draioaae streams from che former levels) may mark che sides of che 
basin. The level for briniini out che co,1 instead of hlvina tramlines \VU 
Oooded by impoundin& the weam and che coal noa1ed down in rub boalS from 
world11&5 under Blaekelouah Parm 10 be transferred onto carts. 

8. There were sc-·eral levels alona 1his s1re1cb of road. markin& a coal mine 
wbleh opened late, in lhe 1920s. They have been destroyed, but lhe best 
remains are 11 chiJ loc.\li1y where a mass of ochre has 1>0cn deposited by 1be 
Jtream issui111 from che former level. Such levels served as souahs as well as 
e<il levelt for lhe coal. 

Continue alona che road for a short disw,ce and take Ibo track 
nortb-casrwards followina a ltream. The rid&• 10 the riaht, Drystone Edge, is 
in Chliswortb Gri1 and Ibo sedimenlS above exposed in 1he ,trcam beloD& 10 lhe 
Ycodooian. 

9. Wbcrc the access track 10 Orchlrd Parm tvms off, a spectacular mini•coree 
cut into mudstones commences (th.is is a RJGS). lt is possible to climb down 
lhe steep bank al Ibis point into lhc mouth of lbe gorgo. The Gastrioceros 
cwnbrimre and Gas1rloceros CJJ11cc/latwn marine bands are separated by arey 
ferruginous muds10ne wilh irons1one bands and nodules. They arc closely 
as:socllled with thin •amtoncd beds .. standing out as ribs in the mudstonc ¥o'alls 
of lhe sorce. These small-scale s1ruetures with numerous elosely•spaeed shear 
planes and drag folds were first described by Cope (1946). There m: abundant 
fosills 10 be found at Ibis locality tllhou&h only after carel\tl search; • Ii.st is 
provided by Francis (1967). Above lhe CbalSWOrtb Gril, the Rinainglow Coal 
ii e,q,osed in two plaecs, bul not easy to find. Allhou&), thin, a number of 
shafts have been sunk to chis coal to che west (e& locality LO). Leach (1996) 
provides a location map. 

One other feature tha1 is worth notini in the "'-alls of lhe aorie is th~ 
uniformity of lhc direction of lbe joinl lines (cleats) in lhe layered mudstones, 

APPENDIX: Tiffi MAKING OF PICTOGRAPHS: by Michael Eil£or 

Principles and practice of piCIOl\rlPh cons1rue1ion were summarised by 
P.aaar (1978). In 1he lasl few y,ars emphasis hos fiillcn on answers by workers 
on Carboniferous non-marine shells 10 crllicisms 1ha1 their making Implies some 
subjectivity, for in.stance in the choice or diredions in which series are pla.ccd 
when !hey exicnd from cho cc.ntral norm. 

The pie1oaraph of a Oiuna, or aroup of shells, Is cons1r11cled initially by 
placinc che varyin& laieral promea of shells, with lhclr 1row1h lines, in lines or 
serlea which demons1ra1e aradual chanae In one or more charac1crs, such as 
11/L ratio or dearee of curvature of 1ho ventral marain. In practice the 
arranaement Is reached slowly by repeatedly re-arrnnaina traclnas of cnlaracd 
phcioaraphs on • lorae surface. The lraclna paper, by wmover, allows any 
$hell to be converted at once 10 a lc0 or riah1 volve, chus greatly facilliatina 
comparisons. 

lo any series of variable shells one, or at mos1 lwo, shells will be found 
to be in common to .severa1 series, with the result that crossina of the series 
laltes place as arranaement proceeds. The common shell al the crossing Is 1he 
norm, lho centre or foouJ of the vnriaiion. II is likely to be relatively small and 
withou1 strong features. Common t'rendS in variation.al direction brina series 
into proximity with one another $0 Uuu morpholoiical intermediates c.un be 
round places between thcs.c serie.s. A .shell which shares features wilb two or 
more series some distance aipart and, in consequence, cannot be placed with 
either of Ibero, is u.nplaeeable on lhc pictoaraph. By definition the picioaraph 
must have a minimum of unplaccable shell profiles. 

The relative directions in which series point are primarily the result or 
their inter-relationships. Hawi:vcr 1he necessity of comparin,g djfferent 
pictographs bas Jed to the use of a practical convention in their orientation. A 
series with incrcasina H/l., ratio, that is simple shortening of the shell profile 
without other change, is placed in a "northerly• direction from the norm. 
Shells wilh decreasing HIL ratio, 1ha1 is simple lengchening, wilhou1 other 
change, arc pointed in a •southerly· direction from the norm. These 
eonvcn1ion1 have been adopted In the two pictographs of Flas 3 and 4. In 
several places in Fig. 4 ii will be found, for insianee, chat series can be lraeed 
ac.ross and between the radial lines, some beini indicated by junction lines (see 
Fi&5 4.38, 39, 40; 4.39, 32; 4.2, 9; 4.14, 17, 19). 

Transitions which appear to be stages in growth are commonly seen 
towards the extremities of radial series in pittognpbs. However, when numbers 
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or shells arc luie (over 65 specimen, were used in the construction of Fie, 4) 
lherc is oflcn no room for the shells which are directly related by arowth only 
and these &end u, be omiu.od in I.be middle and more central pans of the "arms• 
or ndial picioiraphs. Each •arm• cends IO rcnoc1 a trend of characteristic 
normal proportionate ,rowm. Stu.nt.ina, which involves radica.l chanau in 
re.Lative rates, is readily apparent. 

It will be realised tha1 "picioaraphs arc not incendcd io prt11't 1ny1hin& but 
10 ponnay• (Weir 1968, p. Aliv). Their arranaemenlS ore never el,imcd IO be 
unique by their makt,s, but the combinations of shape and size, which cm•li• 
from them, toJether provide trends and pattern, of arowth, maldna it possible 
for one worker IO characcerise IJI asscmbla&e of shells, and for IJIOther, 
workina independently, IO rec<>&nisc it elsewhere and IO dlfferentiace it from 
other asscmblaacs. 
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wai•• and ••pc= Interspersed wert sections or paces wilh details or 
e.penses such as dead work, tools, naib, tubs, tlmber, iunpowde.r. 

The team leader al a partioultr pit v.as ~lled lhe banksman. He was the 
winder tnd kept the record or lhe number or baskets railed, which be emptied 
onto lhe bank. He paid the team (2 or 3 men) out or sales income, had IO meet 
certain upcnses and was held accountable for the balance. 

Tile path past these pits was almost certainly used by horses and carts ror 
IAlcin& lhe coal .,..~y. This ~rly coal production must hive been associated 
with new local demands 1.nd it is si,nificant coouah to raise the question as to 
ita cause so miny yean before the irowth or luao-scale Industry, Ibo rise or 
steam power, and the cons1n1ction of cantls and turnpikes, 

By 1700, coal was the preferred f\Jel, with wood in short supply and 
upco.sivc. ln addition. from the late SC\'Cnt.eeoth century there was tn increase 
in smill•scale industrial enterprises, which stimulated coal production: ror 
eqmple, lime kilns, filr&CS. bakeries, breweries, dye vats (Hatcher, 1993). In 
addition, a.ft.er about 16.50, there was an almost revolutionary i_ncrcase in the use 
or lime kilns for limin& lands with acidic soils (Kerri<f&e, I 967), The soilt or 
lhc local "dark peak" derived from gritstone and shales were oertainly acidic 
and needed improvement with Ume, made more significant by the increase in 
population in about lhe 1720-3-0s. It is possible that Ibo coal from these pits 
v.,,a.s sent co the Buxton a.re.a for lime t,urnine, for lhe "Yard· coa.1 was 
particularly suitable for bu.min, in kilns. 

Furlhermort, there was a rising demand in lhe second half of lhe 
seventeenth century for Ii.me mortar usociatcd wilh the rebuilding of houses in 
s&ooe and the increase in the number of fireplaces. The scale of production is 
all lhe more remarkable because the isolation or the pits on these moors must 
have meant uduous journeys for pack horses or carts. And one must not forget 
the upcrt.ise of the eighteenth century miners who, on these bleak moors with 
no obvious iround features or rock outcrops, identified a hidden section of 
faulted coal measures. 

Return to Three Shire Heads, climb the stile and follow tho path 
eas1 .. ~rds up the tributary stream IOV4rds Orchard Farm. 

6. Al this locality oote the evidence for a small fault in the highly dippin& naas 
in lhe Rough Rock. 

7. Boats are hardly something which comes IO mind in soch an ou1-1he-way 
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Figure 5. Carbomcola shown in Fi£. 3.4, 4', 15: a, b, b', c, c' lateral and 
dotsal views of the shells from 5.3 to 3.3m below the Oldham Oreat Mine; d, 
d' from 16.5 10 13.5 m below this coal, coUcctcd by the British Oeological 
Survey. Shells e•b from about 27.5 m below the Oldham Oreat Mine; e, 
Carlx»uco/a rhq,nbo/daJis, Fii. 3.9; f, r, C sp.nov., Fig. 3.8, showing partial 
crushing; g, C: o/JIMsa, Fig. 3.3; h, C. rlwmboidalis, Fig. 3.10. All shells X 
1.5. For regisuation numbers sec Fi:. 3 
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The Cha,swonh Gri1, which here shows a 1urbidite 11ruc1urc forms a fu,e 
"'~ierfall. Ir is, overlain by about 6m of 1hinly in1erbcddcd shaly siltstone and 
currcnl ripple-bedded fine,.vaincd sandstone. This ls one of the besl section, 
of ChalSWOnh Oril locally (AilkeAhcad tt ol., 1985). 

lf time pfrtnits, ii is possible to make a divenion of about one mllc to set 
some •i&hleelllb cen1ury coal pilS. Follow the hiaher path JOUthwardJ 
contourina &IO\lnd Turn Edie and after passlna some dcrcllc1 f•rmhouses climb 
a >tile on the rl&hl a, SK 009675 from which there is a fine view of the Goyi 
syncline with the Roaches oo the "''Wand RAm.1baw Rocks on the eas1 formina 
the skyline. Both have blckslopes rcprcscntin& rocks dippina into the centre 
or the syncline. Tho path ls DOI well defined but bead south-west down the 
major &pur iowanls Gradbach until rcachln, a cluster of bell pits used for 
minina coal (F',as 2, 3). 

Some are bcautifuUy preserved perfect clrdcs surrounded by a raised 
bank of spoil which has a fauna quite differcot from the bow around around 
wilb ics rushes. They arc quite close ioaether showin& chat the coal had been 
l'CIDO\-cd from only a short distance around each pit. In cross section the shape 
of a pil would be a be.II, hence the name. Bui why arc these pies only here in 
an isolated clump ? The JOOIOJIY m•p provides the answer: a hidden faulted 
trou&h brings down a small sequence of coal measures. A small area is 
underlain by the "Yan! Seam" and this is what the pits .. ,.,. minin& al a depth 
of less than JO feet. These pies arc probably .. ,1y ei11b1centh century in age; 
one pit bas been bisected by an ei&hteeotb cco1ury wall. These pits arc very 
similar to a range of al lei>! 30 pies on Ollerscu and Bean! moors near New 
~tills which mined coal over a Ion& period, 1711-1757, and whose openulons 
are recorded in a unique coal minins account book in Dcrbysllire Record Office 
(Brumbead, 1992). 

These shallow pies were probably operated by a hand or horse windlass. 
The New Mills account book records, "pd to Wm. Bennett more for a 
Barrel ... Os 9d". II was normal 10 register production in scores and baslcelS, 
there bcini twenl}' baskets 10 the score. A ccnain number or scores would 
make a ton, so that if a basket weighed one hundrcd..,.i&ht then, conveniently, 
one score is one too. According to Farey many years later. ·a certain numbc.r 
of corves [baskets) arc supposed to make a Ton and by that denomination they 
arc sold". In the OUcrscu and Beard pits the accounts were kept for each pit 
oo a weekly basis giving: (I) the name of the banksman, (2) the name of the pit, 
(3) the production in scores and baskets, (4) the value of production, (S) the 
COS! in wages per score (Getting, Drawing, and Winding), (6) the profi1 per 
score and (J) the balance left owing by the banksmen after the deduction of 
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KONSERVAT LAGERSTATTEN OF TIIE LANCASIDRE COALFIELD: 
EXCEPl'IONA.1, PRESERVATION AS TIIE NORM 

by L)'all I. Anderson 

INTRODUCTION 

The exploitation of coal and brick clay from dcposiu of Upper 
Carboniferous a&e in the Lancashire coalfield and the area surroundina 
Mancbcs~r. has lod 10 a betiu undemandina of how the reaioo mus1 have 
appeared aome 315 Ma aao. The occurrence o( such economically in1ponan1 
raw ma~rials bas been cons1t1inod throuah the use of marker hori1.0ns either 
in lht form of strata conta.inina zone CossilJ such as non-ma.cine bivalve.a or 
,onialites, or lhrouah the reoocnilion or distinctive lilholoaies ,uch as ton.steins 
(volcanic ash bods) or the coals themselves. The ~ahter the constmint on the 
occurrence of coal sequences, the finer the resolution of the study which can be 
applied 10 the focail biotu held within them. Whils1 bods contalnin& whai one 
mi&bl term conventional fossils, those which represe111 the hard, often 
mineralised puu of orianisms such as shells, bones or teeth an, common, there 
infrequently occur soll•bodied or,anisms as&oeialed with coal sequences. 
E.umples of such biota from Lancashire :t.re majnJy arthropods such as spidersJ 
millipedes and insects. These prescrvational or taphonomic ·wlndov.·s"' throu£h 
wbicb a s)impse of another dimension of Coal Measures palaoonlOloJ.Y may be 
cauab1, have been documented from 1he Lancuhire coalfield since the late 
1800's. They are now commonly referred IO as Ktmstrwll•lag,mlllttn (see 
Allisoo & Briggs 1991 for a fuU tra1Jnco1 of lhc 10pic). This article aims 10 
ou1linc the past disco,·ery of such sites of =cptiooal prescn-alioo from the 
I .ancasbir,, coalfield, IO describe some of the processes which may have brought 
aboul their genesis, IO bigbli&h1 the esteosive collections of Dlllltrial already 
avail•ble for srudy in the collections of Manchester Universi1y Museum and IO 
aJert iau:rcsted pan.ies to lhe possible di,scoyery of further sites in the future. 

PAST DISCOVERIES 

Four sites of e.ccptiooal preservation have been documented IO date 
wilhin the boundaries of the Lancashire coalfield. These are the Sparth B«toms 
clay pit. Rochdale; the Soopslonc Bed, Burnley District; ll'icke1>haw colliery tip 
near Lei&b: and Westhough100 opcnC9SI mine, near Wigan. All of these sites 
are early W"'J)h2lia.n A in •&<· Olher isolated records of fauna which could 
be considered as indieaiors of soft-bodied preservation have occurred at 
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the chimney. 

I. The chimney marks 1he exlsconcc or 1he D•ne Bower Colliery, which worked 
the Rinal11JIIOW Coal, a scom about 1wo fee, in lhl.cknc..,_ II is the lowes1 coal 
in tht district, aboul 96 feel below around level, and is lmmodl•1ely above the 
Cha1£worth Ori1. The chimney stands 11 1hc iop of a Iona flue (for drau&ht 
purposes) which runs up from a former steam enaioc bed in • sm•II quarry 
hole. Descend 10 this sl~ from the chimney, nolina the enaine bed blocks. 
The C11Jlinc may have opcra1cd a haulage system down a shaft and alona • level 
which ran down LO the river side (Williams, 1987). The sban., capped with 
concreie, I.I some thirty yards away 10 the weSI, by • slilc. 

2. lust above the river is the •~it of a mine level which runs to the bot1om of 
1hc capped shall. Coal was mined on a pillar and stall method under the 
hillside and trammed out of this level and loodod onLO carts. Local markets 
included domcslic fuel, the mills II Wlldboarclouah and Orodbach, and limo 
kilos. The colliery which wu opcra1ive by 1746 and probably by 1731, ccosed 
workina in the late 1920s, reopcnln& bric0y in 1943 (Leach, 1996). Note the 
ruined mine office. 

3. Follow the path downs1rcam 1hrouah a aorae section In 1hc Chaisworih Oril. 
Soon, ~•• valley opens out (a faull br111a,s In the ,hules) and there is a broad 
stretch of marshy g.round below Hoh Farm, coinciding with a shale outcrop. 
This is a very ootic .. ble change of relief with rock type. Nole 1he springs in 
this section coming out of the watcrtoued shales. A fine sec.lion of shales can 
be seen on the outside-of the rivet bend near here. 

4. Al this loulity a tributary stream more or less coincides with a fault, with 
a throw lO the north, which brings in again ll1l outcrop of the distinctive, 
pinkish, Chal$WOrth Gri1. Whitish/pinkish veins of built associalCd wilh the 
faulting can be seen Jus1 above 1he stream. 

5. The path cnicrs ano1hcr aorae section through tho Chaisworth Orit lcadin11 
to Panniers l'l:>ol Bridge. The name, fi1>t recorded in 1533 (Dodd & Dodd, 
I 980), reminds us of the in,ponance of this localily as 1he focus of four pack 
horse routes, which wen: ,.,cry busy with trains of pack horses before the 
turnpike roads were built in the district. No doubt there would have bctn • 
ford before the bridge. This place ls well known as the meetin& poinl of three 
counties, Cheshire, Derbyshire and Staffordshire. Hence its name, "Three 
Shire Heads". (Not, please note, "Three Shires Head' !) On Speed's map of 
Derbyshire 16IO, the localily is called "Three Shire Stones" and three tall 
stones are depicted, one for each county. No trace of these now remains. 
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Olodwick clay pit, Oldham tn<I from mines at Ashton-Under-Lyne (soc Bolton 
1905). However, liule further inves1iaa1ion can be done with these records 
without further CJtploiuuion and excavation ln the ureo, which is now highly 
unlikely. These four main ,it.cs are described in more delD.il below. 

Sparth Bottoms 

The Sparth Bouoms brick clay pit, Rochdole hos for m>ny yeari been one 
of 1hc mos1 oclcbra~ follsil silo, of the North Well of Bnalond, pnrtlculorly in 
relnllon lO the fine specimens of fo,sil scorpions which were discovered in 
sideritc nodules there eorlier thi• century (Baldwin & Sutcliffe 1904). Tenny 
(1996), which tho reader is referred 10 for further details, ptOYldcs an e.<cellenl 
summary of previous invcsliaa1ions of 1his locality situated In the eosl of lhe 
Lancashire coalfield, summarlsi"i the suOJiaraphy of occurrence. historical 
in1eres1 and current swtus. As the site is now eompletcly reclaimed. there is 
no chance of further material bcina discovcn.'<I 1here. In tcrms of bioio, both 
oquatic and tcrregtriol fossils were found lo be abundant in si<lcritc nodules in 
shales associated with coal. Uprlght trees were also discovered on a number 
of scparaie occasions durin& the working life of the clay pit, the relevance of 
which is discussed below. 

Soopston• Bed 

The Soapstone Bed ls a thin (approx. I metre in depth), stmtieraphic 
intcrvul of limited lateral extent which overlies the Mountain Pour Foot coal 
seam in the Burnley district of Lancashire. ll is compOScd or a ligh1-erey shale 
with very soft, easily weathered sidcrite nodules. The s1r,tigraphy of this unit 
was ouU.ined by Bolton (I 90S), whilst Woodward (1905) dealt with the specific 
description of some of the fossils unco-.·ercd there in a concurrent article. 
Elsewhere, the Mountain Four Foot coal splits inlo the upper Bulllon Mine coal 
and !he lower Gannislcr Mine co;,1 separated hy some 12 metres of ,.ndstone 
and shale. ln these areas, the Soapstone Bed is absent and instead there occur 
shales with dark iron.stone oodules containing only aonialiles. The Soapstone 
Bed fauna is unusual In that some of the siderile nodules contain uodoub1ably 
marine fauna) clements, namely ioniatites, whilst others contain arachnids, 
millipedes and frestiwatcr crustaceans. The zone fossil Gastrloctras llsltri 
occuri in the shales directly be.low the nodu.les of the Soapstone Bed, whilst 
Dimorphoctras gitb,rtsoni occurs with.in the SoopslOne Bed nodules themselves. 
This is the only Upper Carboniferous locality ouiside of the celebrated Mazon 
Creek biota, Illinois, USA, which contains a mixture of marine and non~ma.rinc 
fossi:ls. The various opencast pits and briclc clay pits in which this unit ,•,.as 
exposed have long been disuse<! and subsequently filled In. Therefore, lhe 
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po .. ibilicy of further in,·csti&ation of this bed is a1 p<C$Cnl limited, un1il new 
exposures become available. 

Bickershaw collluy I.Ip 

The poienlial for tho diseoY<ry of fos,silif•rous nodules con1111n1na 
unmineralisod orpnisms al \his 1i1e, was realised by a keen fossil eollcctor and 
\hell underaraduaic of lhc Univeni1y of Manchesier, Mr Carl A. Horrocb 
(Eccles) in 1994. A full dc,criplion of tho stralijraphic settina and locality 
deuia were aiven in Andel'SOll tt ol. (1997) •nd additional m11erlal has been 
described and tiaurcd $eplrltely by Andcrsoo & Horroeb (1995) and Dunlop 
& Horroeb (I 996). Tho Bickenhaw tip represented spoil m1terial from both 
!hi$ oollicry and Others in lho •"'•· Consoquen,ly, deierminina the e.ac1 
horizon from whicb lhc fossils were deri•od was frauah1 with difficulty. 
Ho,.'C>•cr, lhroueh ca"'ful siudy of the non-marine bivalve shells preserved In 
lhe same style of oodule u the soA-bodled biota, Dr R. M. C. Ea,ar 
(Manchester Unive11ity Museum) wu able 10 usian lhc horizon bcarin& the 
fosails 10 the roof shal .. of one of the exploited coals at Blckcrshaw, 111mely 
lhc H•ieh Yard Cool. lo acoeral, the majoriry of fossils dJsoovcn,d were of an 
aq,atic 1111ure with only• small proponioo or terrestrial arthropods rcprcsonccd. 

ll'esthoughtoo Ope,! cast 

Carl and bis father Pticr Horroeb (Eccles), once again pin•poinced and 
collected exiensi•ely from !hi$ site wbJl>I it was beini operated by Rackwood 
Minerals Lid. io lhc .period 1995-96. In this inslaDCC, the stralijraphy of the 
occurrence could be tied down precisely due 10 tho pn:scncc of excellent 
exposure in the side walls of the open cast pit, Additionally, available 
exposures changed from wock 10 week u mlltrial was removed from the site. 
Field examinacion of in situ nodules revealed lbac the biola was restricled IO ao 
inierval appro.<imaiely I .Sm io depth lyins directly above lhc W'igan Four Fool 
cnal seam. The back:strippin& of this roof shale horizon 10 re,•eal the 
underlying coal ensured that lb" resultant spoil tips were ricb in nodules. Here, 
as ac Sparlh Bouoms, uprigbl crccs were observed, rooccd in the underlyin& 
W'igan Four Foot coal sum (see Fig. I). Ajain, some of the bioca have 
already been described from this site, includJ,ig t.riaon04llrbid uacbnids (Dunlop 
& Horrocks 1996) and a oew species of phal•n&iolarbid arachnid (Dunlop & 
HonoeU 1997); an m·erview of the stratigraphy is aiven in Anderson e.t al. (in 
pr=). The bio<a reoo-ered here was far richer in icrresttial elements such as 
uacbnids and miUipcdes lbao at Bickershaw but also included unusual aquatic 
arthropods such as eulh)'Careinoids. 
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GEOLOGY, COAL MINING, AND QUARRYING IN Tiffi UPPER DANE 
VALl,EV 

by Derck Brumhcad 

INJ'RODUCTION 

The domin1nt acoloalcal scruct\lrc or the area is the Ooyt syncline, o_nc 
or I series of north-souch tlillned folds on 1he western limb or 1hc broadly 
asymme1rical Pennine anciclino. 11 run, for 30kms from near Leck oorlhwords 
os for u Rowarlh, bccwecn New MIiis and Olossop. FIISI rocoanised by Farcy 
(1he "Ooyte Trouah"), II Is characterised by chick Namurion sandscones 
croppin& out in crauy scarps facing oucwards aloni bolh flanks or the syncline. 
In bccwoen arc bed• of shale and cnal scams. The loneicudinal axis of the 
syncline plunee1 northwords, so causine 1he outcrops 10 dlvcrae. Towards the 
southern end 1hey conve,ac and 1he ouiward facing scarps formine the Roache& 
and Rim.shaw Roe.ks come coacchcr in a prow, as in the sides of a canoe. 
Rock$ of the Wes1phalian are preserved in the centre of the syncline u at 
Ooldsiteh Moss. StrUcture, 1herefore, i,i well expressed in the lands .. pe. 
Further itructural complcxily is caused by dip and scrike raults; lho lau,r hnve 
the important effect or repcalina strota, as this excursion illustrates. Coal scams 
in lhc Wcstpha.lian a.nd Namurian rocks ha11e been worked in scvcml plnces. 
particularly Qold$ilch Moss, Ooyt's Mosll, A"" Bdge, and the upper Done 
valley. 

The river Dane and its valley exhibit some nocable &•omorphologlcal 
featu.res, particu.larly th~c associaled with superimposition from overlying slrnta 
long since rcmo .. •c:d by erosion. Cut into an upland pcneplaned surf.Ice, the 
valley-in-valley form sugaeslS a hislory or rejuvenation. For much of ilS upper 
course, the river not only flows across the sui.kc or lhe rocks. but also against 
their dip. Al Oradbacb, ii suddenly breaks out of 1he syncline and beads for lhc 
Cheshire: plain. 

GUIDED TRAIL 

Nun1bers are locations on Fig. I 

Park a1 the larae lay-by on the souch side of the A54 Bux100-Conglc1on 
road (SK 008698), immedia1ely above the conspicuous square chimney. Walk 
about 100 yards in lbe din:clion of Buxton and cake the path leading dowo 10 
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TOAi-Fi&. I. Upright in situ Sigillaria tree, rooted in the Wipn Four Foot Coal 
a1 the "~thouihton open cast coal pit. The fossiliferous siderite concretions 
occur up 10 a heigh! of I .Sm abID•e lhe lop of the coal scam, which is partially 
obscured by scree material. Hammer is approximately 26 cm long. 
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GENETIC ORJGlN 

Deta.Ucd c.umlnation of lhe various sh.cs reveals cenaln factors in 
common which polnl to similar depositional conditions and sedimentation nite. 
Firstly, i1 can be deduced llw lhc horizons bcarina soR-bodiod prcserva1ion all 
lie within lhc immodiale roof &hales of coal seams, and in all cases the coal 
scams are on difrerenl stntis.raphlc horizon,. The deposits themselves are of 
limi1od la1e11I cxlenl and are onen confined 10 the first meu-e or so of roof 
shales above 1he coal setm. This stron&IY sua,esis thal lho conlrols on 
fonruuioo of this style of depocit were not n:stricled IO any one time period, 
n:presenled by lhc ,hales over only one coal, ro1her thal lhoy were in place 
lhrou&1>0u1 the history of the formation ol lhe coal field. When a suitable 
combin.ation o( criteria were me11 the sediments entered the thre£hold of 
c,uptional preserva1ion. Indeed, further examples of 1his scnetic association 
of roof shale nodules t:r1Cr coal seams can be ci1od from olher areas of the UK 
(Coseley), Mainland Europe (Moolceau-les-Mines) and the USA (Mazonitn 
dclla complex). 

The presence of upri&ht, In sitw trees rooled ln lhc underlyina coal scam 
is perhaps me belt, and most obvious indicator or exceptional prcscrvadon 
potcotia.l. TI>eir presence s.ugests that the unit was deposiled with some 
rapidity (prior to decomposition of the ll'ees) subme'ii•& a previously ierrcstri•J 
land surface:. Corroboralivc evidence of napid sedimentation comes from lhe 
gparsc trace fossil• which may accompany lhcu unllS, in the form of bh-alvc 
up.,..anl escape structures (fu&khnia). Uprigh1 trees were rcconlcd at Sparth 
Bottoms and also Weslhou&hton whilst the pits were active. 

A combination of rapidly subsidin& laod surfaces due 10 the formation of 
larae delta sysiems coupled will> oca level rise may have been lhe first steps 
required '° form deposits s:ucb as these. Such a combination ¥i'Ould aJlow the 
floocJjn& of low lyina ground will> lhc killina of lhe ll'eCS growing on lhc mire, 
lhc cstablWunoot of a s.ballow lake, populated by bivalves followed by rapid 
infill cilhcr due to delta encroac.hmcnt or le- Cl'C\'ISSO splays. 

Hov.-.:vc:r, there are differeoccs between lhc sites in terms of fauna.I 
cooien1 and lhis probably roflects original diffcreoces in lhe rolati"e 
palacotop0gnpby of lhe areas io questioo. WeslhoughlOD and Sparlh Bottoms 
share many fauna in common and probably reproscnl a particular sub-class of 
this style of Konscrvat-Lagerseiuen where a previously tim:strial low lying area 
of around has been swamped by rising ••• level. On the other hand, 
Bickers.haw is more likely to represent an estuarine environment where the same 
processes of preservation only acted upOn lhe non-marine aquatic community 
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indicates I return t.() open marine conditions. The ch.a.Q&e in sea level from lhc• 
bminal<>d facics m.ay have been either continually deepcnin& water or • rapid 
rise of Jea level followed by a slow decline. The sedimentation of the bloclntic 
facics wu affecl<>d by hi&h •••riY storm activity followed by lonac: periods or 
lower encfJY sedimeotalion. This has rcsull<>d In a sequence In which mainly 
evidence or the hi&b enersy condition, Is shown within th.is l'ossllifcrous f1cies. 
The brachiopods found within the facies Indicate the presence o( • soft, muddy 
,ubstratc, much of which has been removed durina the hi&h cnersy conditions. 
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and the rare influx of tcrres1rial m.1.1eri11l from a nearby land surfilce. The 
Soopstonc Bod hints at an lnrriaulna crossover between a fully marine biota 
dcmonstraccd by &0niotiles and fish, and a terres1tiai fauna akin to the 
Wcsthou&hton site. Tho Soopstone Bod therefore mises the intere&ting 
possibility thllt these exceptionally preserved founns moy be tho up-slope 
correlatives of marine bands in tho shallow basins and are therefore intimately 
u,ociAtcd with relative sea level riJc durlna the Upper Carbonircrous. 

In conclusion, aicbouiih the umc preseMtional conditions led lO fossils 
bcin& hosted lo siderite nodules, the initial aeoarnphie posiUon of the locality 
in relation 10 rivers, lakes and the sea, was all impo!Ulnt in deu:rmlnina the 
final fauoal comp0$1llon. II could be suuestod that the four sites named above 
form a continuous series from inland throuah to c,tuuine style to ncarshorc 
marine cnvi.ron.menlS, 

MATERIAL AVAILABLE FOR FURl'IIBR !>TUDY 

Tlie palaeontoloaical collections of ManchcstA:r UnJversity Museum 
contain examples of fossils from all of these sites donated from tho various 
collcttors who have been activ,, in tho a.rea since the late 1800'•· The moSI 
recent addiUon 10 this dauiba.sc is The Horrocks Collection, donated by Mr Carl 
A. Horrocks (Eccles), which now coouilns over 400 specimens collected from 
both the Bickersb,w aod Wcsthoughton siles. 11 is one of tlie most 
represenuitive suites of Carboniferous soft-bodied fossils in the UK and will 
provkte I valuable rescan::h resource for many years to come. Some or the 
fossil iroups represcol<>d in this collection have already been subjected to study 
by the relevant experts, olhers remain awaiting suitable c,.-pcr1ise in the future. 

FUTURE PROSPECrS 

Deep mine coal eAtraction has now ceased operation and production 
within the boundaries of the Lancashire coalfield. AJ a resull, the potential for 
sclec:civc concentration of fossiliferous siderite nodules on new coal spoil tips 
has decreased. Similarly, lhe demand (or bric.k clay is much low,:r than in 
former times and few operatina sites stilJ exist. With the advent of reclamation 
of c,.istin& spoil tips comes temporary opportunities for salvage of material, 
prior to la.ndscapina and vegetation. This was the case in the example of the 
Bickcrshaw Colliery tip site. Howe\'er, there bas been an upturn in the number 
of small sea.le OpC.n cast coal mines operatine in the area. and it is 10 these 
often shon-li\'od c,.-posurcs which auention should now be turned. Vigilance 
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u 10 lhc activities or open cast operators will no doubt brina new sites 10 liaht 
and witb lhtm, funber eumplcs of lhesc unusual biocas of the Carboniferous. 
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the overturned restina position (conve~ down) and stAckina of shells would 
suaiest some de&rec or transponntlon. It is possible that the brachlopod sub• 
facies represenlS an 'even, concentration' resultin& rrom rapidly £Cnerated st0rm 
dcposill. Durina this period of hi&h eneisy activity erosion of finer araincd 
material and smaller bioclasts occurred. Thit resull<>d In• shell lua facies thot 
doet inchidc I small cubonatc niudstonc component due to the shelterina nature 
of the ltraer sized closl.!I, Tho crlnoid•I sub-facies alsu appears to fit tho ·event 
concentration' classification of Banerjee & Kidwell (1991) resul1in& from hi&h 
enctJY storm activity. However, some beds within the fa.cie.s do not contain 
brachlopod fauna which would otherwise ~ inferred to represent a 'near' or 
possible life uscmbl11&•· If deposition of snuiller cl:uts occurred It Is unlikely 
1h11 erosion of the laraer brachiopod shells would have occurred. Within some 
beds a iraded profile or clas1 siu occura. A thin lower section or Iara• 
d.isartlculatcd brJcbiopod shells, throuah • small sized bioclast t.0ne of crinoidal 
fraamcots, IO a horizon of carbonate mud Is round. 

CONCLUSION 

The carbonate sequence at Ca.Iver Low bas demonstrated the complex 
nalllre of both the scdiment4ry and di11&cnetic rcaimes which occurred within 
parts or lhe Derbyshire Easl•Midland carbonote shelf. The mud-mound a1 
CaJver Low "1t'8S I vertically accr-cted mud-mound style reflecting condltions or 
deeper water, and filster subsidence. This was related to tbc c:uwrly dippina: 
carbonate ramp where depos.ition occu.rred. The Calver Low mud-mound 
CAhibits a lithology distinct from that found elsewhere in the Derbyshire area 
reflected within the dark coloured and bioclastic nature of the carbonate 
sediment. 

The original depositional relic( or lhc mud-mound was 20 lO 30 metres. 
From lhis the water depth probably variod between 10 lO 40 metres dependin& 
upon lhe relationship between mud-mound and intcrmound position. The 
ptesencc of tabulate corals within the intermou.nd facies also indicates a 
maximum depth of less than SO metres. A fall in sea level seen within the 
laminated fucies above the mud-mound is thought lO be related lO the 
development of a calcrete (caliche) crust profile at Monyasb. This marks the 
transition between the Monsal Dale and Eyam Limestone formalions. Within 
the intertidal laminated facics, evidence is provided of a small rlse in sea le\'el 
that occurred very rapidly. This change is markoo by a sharp transition from 
low intertidal 10 middle intertidal zone sedimentation. Such • rapid change 
must be related to tcclOn.ic subsidence occurriog within lhe fault .. bounded tilt
blocks of the basement structure. A large rise in sea level occurs again, which 
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pans of 1he facie,. Abo a compound rviost conil, Siphonoderulron, was ~n 
in transverse secc.ion 1fon, with a solitary ~ose coral. Apparent site selective 
sonin& of bioclasis resullOd in 1he ditreren1i,1ion of crlnoldal and b111chiopod 
debris 1ivin1 rise to rub--f1cic1 on the basls of fossil conce.nt and a.ra.in size. 
These are: 
I) B111chiopod paebionc sub-facies. 
2) Crinoid•I packsione sub-faciea. 
3) Carbooal<: mudsione sub-facieL 
4) Graded sub-fades O.lthlbilin& both launal assembloies and lncludina an 
ovcrlyin,a carbonate muds:LOne. 

The bn,cbiopod packsione sub-facies conlJlins a hi&h disa.rticulated and 
Slacked brachiopod componenL The absence of whole fossil preseMtion a.nd 
shell stacldna is indicative of hi&J,-cnclly condidons, which moy lead IO • 
rcmovaJ, or •winnowina' of finer araincd sediment. Carbonalc mud is present 
within the fac.ica which could have resulted from 1hc she.11<:red 0•111re of 1hc 
Stacked b111Chiopod u,clls which would require a hi&h critieal sbClr SIJ'.<U to 
initiate cntrairune.nt. Examination of the carbonate mud acc:13.te peel scccion 
l'O\'ealed a ranae of bioclast f111amen1S, which were not found within the facies 
throuah study of the macro fauna. Crinoid plalCS, pstropod shells, an cchinoid 
spine •loo& with calcispheres were idcnti6cd, The calci.,pheres are believed 10 
be the reproductive pans of dascladacean algae. The absence of a crinold rich 
pocbtone above some of the brachiopocl packslOne sub-facies moy indicaie 
complcic removal of the smaller hioclasis. 

The erinoidal pact.stone s.ub-facics contains a hj&h bioclasc componcn1 
coosistin& or crinoid plaues, ossicles and short sl<:ms. A small amoun1 of 
carbonate mud is Ibo present. 

The carbonaic mudsione domlnandy consisis of fine arained sediment, 
which indicaics low cocrgy deposition, but also includes a small bioclast 
component. Some braehiopod sbtlls and crinoid fragmcnlS were found within 
the sub--facies a.long with soHtary and c.olonial rugose corals dc.monst.rating fn 
siru &JOWlh. 

DEVELOPlllENT OF BIOCLASI'-RJCH SEDIMENTS 

It is unlikely lha1 the bioclastic facies simply represeolS an erosional lag 
deposit. This is due 10 the absence or luier claslS such as the brachiopod 
shells when smaller sized clasts such as the crinoidal component ate found 
withln lhe facies. The general level or disarticulation, fragmeniation and also 
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TIIE DEPOSITION OF A CARBONATE SEQUENCE AT CALVER 
LOW, DERBVSHlRE 

by Nicholas Goolden Midalcy 

lNTRODUCl1ON 

Tho [)(:rbyshiro carbonaie platform consist, of mainly Lower 
Carboniferous marine Umc,tones, traditionally known 11 'Carboniferous 
Umestoocs' (referred to within early Ocoloaical Survey memoirs, o.,. Hull & 
Green, 1866; Green tt ol., 1869). The Lower Carboniferous, often referred 
to II the Dinantiaa Subsystem 11\er Munier-Chalmas and do Lapparent (1893), 
is further divided into tho Viscao and l'bumaision series. Tho current 
chronosu-atianphical $Ubdivisioos or these series were proposed by Ooorae <I 
ol. (1976) and modified by Ramsbottom & Mitchell (1980). The subdivi,ioos 
wen, based on the cycle boundarios discussed by Ramsbottom (1973) or which 
all si• cycles are developed within the Derbyshire rciiion. These replaced the 
coral-brachiopod woal subdivisions or Vau&han (1905). Five shelf province 
1ype formations arc found wilhlo the Ocrt,y,birc area: the L<>nsstono Mudstonc 
Fonmtioo, the Eyam Limestone Formation, the Monsa.l Dale Limcs-looe 
Fornw.ion, tho Bee Low Limestone Fomution and the Woo Dale LJmcstone 
Formation. These were formally denned and doscribed by Allltcnbcad & 
Chisholm (1982). 

The C•lvcr Low (SK 237 746) exposure (Fig. I) c.hibits •n in1erestin1i 
and complCJ< depositional hislory. Tbc sequence ,, or Bripntian aac (02) 
comprisini pans or the Moosal Dale and Eyam Limestone formations. Tho 
Bripntian is appro<imately 330 Ma to J:ZS Ma and coded with the onsel of the 
Nam.urian. 'The name Briganti.an is derived from the Brigantcs, a Celtic tribe 
that once inhabiled northern England. Within the .. posurc at Cah-cr Low, five 
main facies are recosnised (Fig. 2). 

THE llflJD-MOl/NO fl\ClES 

The mud-mouod core faciC$ cons.isl$ of fine e.rained carbonate mud with 
a« crinoid pla.tes visible in hand specimen. The mud•mouod sides posses.scd 
a steep depositional slope uhibitina a sli&btJy asymmeuic nature. The inferred 
core of the mud-mound uhibits some limited vague bedding, but has a 
generally massive stnJeturo. The Calver Low mud-mound conforms to a type 
3 buildup (crinoid-brachiopod-feoestrate bryozoan buildup) which is suggested 
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developed wilhin a shelr irutrior, plaifonn ma,ain or slullow to middle p•rt or 
an intraplatronn ramp durin, lhc Bripntian staae. 

Unlike lhe core r.cies defined by Ouneridie (1995) lhc Calver Low 
exposure did noc contain pale J.fCY or white limestone, b\it a very dark coloured 
lilholoay which releases a sulphurous odour upon fracture. The rock wu 
classified as a packed biomicrite, which contained brachlopod spines, ahhouih 
no brachiopod shells were found within lhe entire racies exposure. 

Gutteridae (1995) has suuestcd bindina by some form or ou1-like 
community or microbial orjain for tbe Derbyshire carbonate mud-mounds. This 
suucslod mechanism or sediment stabilisation bclJ!i proposed even lhou&h 
Gu1tef'idae OOlcd 10 absence or skeletal ala•• and mlcritlsod arains. Ouuuidac 
suu.cstcd that aJpc may have been presenc as noo--calcificd forms or simply not 
preserved within Lbe rcsullina Hmcs.t.0oc deposit. 

It "'ould be difficult to use this very limited evidence IO Justify lhe 
microbial mll bindin& lh<:ory at lhe Calver Low mud-mound. Tbc picture is 
complicalod by lho biah blocl&stic conknl of the mud-mouod and the dark 
colounna of the tacics. The very biah bioclanic component could lead to 
micrite formation duo to the ,brasion aod breakdown of the skeletal cubonues 
(blodetrital mud). It should also be nolod that all pre,cnt day carbow11c mud• 
lllO<lnds appear to be of • biodetrital ori&i• (Tuberncr & Boscoec, 1995). 
Gun,:ridac (I 99S) a,aucd aaainst a scaarass like plant aetina as lhe sediment 
bindin, aaenl within lhc Derbyshire carbonate mud-mounds. This is bocausc 
where the scaara.ss such as 1ha/assia. is present in modern day carbonate 
environmcots, mud-banks comprise. "almost entirely dctcital aecumulallons ... 
witb none of the complc.< inltrnal cavities". This make• the scagrass theory of 
m\16-mound stabilisation, witb respect to the Calver Low mud-mound (which 
bu a high bioclast component, a dark: ua:illaceous nature and lacks evidence 
of internal cavities) • possible mound stabili .. tion mechanism. However, if lhe 
Calver Low mud-mounds were stabilised by a scagrass type sediment binder, 
it 'M>Uld be upccted that some cvidcoce or rhizolithic slnleturcs 'M>uld be seen 
within the core facies, and this is not 1he case. 

The Cah·er Low mud-mound contained abundant brachiopod spines found 
from study of acetate peel scctiona, but no brachiopod shells were found. Thls 
could indicate that lhe brachiopod spine fragments represented an 'imponed' 
material having originated from an area outside th.at seen in the outcrop. 
Gutteridge (1990) rcpOrted lhat the majority of mocrofauoa round in carbonate 
mud-·mouods are preserved within the mud•mound core facies in isolated 
'pocketS'. These pockets found within the core facies are often asymmetrical 
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not of depositional oricin. Replacement silica has, however, been restricted to 
the narrow laminated facies and some chert nodules which are also found. 
Orme (1974) suaarned lha1 a factor conirollina the replacement silica was the 
limestone oonstituents and was noc only dependent upon the availability of 
silica. Therefore the fine araincd n111urc or the lamimued facies ha.s resulted in 
the prcrerential replacement by silica, The lamination within the facies may 
have aided the penctnulon or silica alon, the inte,irwiular boundaries. Abo the 
possibly hiaher than norm•I salinity of the orlainal depositional environment 
may have resulted in precipitation of cvaporitc minerals, These would then be 
replaced by silica actiJ!i as focal sites for further replacement. However, this 
can only ruive been of limited ln0ucnee due to precipitation or evaporhe 
minerals disruptin& tho ori&inal lamina1lons, which have remained fairly well 
preserved. 

nm OCCURRENCE OP SILICA AT CALVER LOW 

Silica was found wilhin the exposure as N'O disdnctive forms. Silica. as 
already discussed. occurred within lhe laminalcd facics as a replacement mineral 
and also as nodules or cbcrt. The nodules exhibit a d•rk colour in contrast IO 
the majority or the surroundina llmc,,,tone. These nodules range up to I 5 cm 
chick and 1.25 metres Iona beina parallel with che beddina plane. Some of the 
nodules exhibited • slight positive relief related to a higher resistance 10 
w,iatherina. However, lhe nodules were also found to be hiahly fr3J1mented by 
conchoidal (racture and therefore easily broke up()n contact. Tho presence of 
silica within the Derbyshire catbonaccs has previously been attributed to both 
sedimentary and diaaenetic prooesses. Sargent (1921) suaaested lhat Oerbyshlre 
cherts were formed by primary precipitation of silica gel From solution. These 
colloidal &els were said to have rolled a.round on the sea floor as nodular 
masses and convened to chert aflcr budal (Turr, 1917). Allhough 
crystallisation from a iel is believed to hive occurred within Precambrian 
sediments it is now generally accepted that nodular ehertS result from 
replacement within carbonate rocks (Knautb, 1994) as occurred wilhln the 
laminated f.lcics. 

TIIE BIOCLASl'IC FACIES 

The upper part of the exposure contains a la,ie sorted bioelastic 
component of disarticulated brachiopod shells, fngmcnltd crinoidal plates and 
carbonak mudstone (see Fla. 4). Some brachiopod shells and 3.11 intact 
br)'Oi:oan specimen representing a Ure assemblage were also found within lower 
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that ,uch a sequence shows a form of periodic 1,:ruwth. but that it is not possible 
to inccrpn:1 ir Ibis is daily, mon1hly or &Mually controlled. The liaht coloured 
laminae may ~ult from sedim<nt deposition by semi-diurnal 1ides or 1hrough 
aeolil.ll processes (Wanless tt al., I 988). 

Lamination hu also been interpreted u resullin,& from storm aclivity 
(Hardie & Ginsburs, 1977; Pule, 1977; Wanless" al., 1988) wich che micri1ic 
la)'Cf r<pn:s<ntina normal sedimeniary condillons followed by a typically chicker 
>IOrm 1-,. lrre1111Mi1ies in lamination an: caused by C\'lporile mineral erowtll, 
uneven arowth of microbial mat communities., desiccation and production of &llS 
from dccomposina orp.nic ma1tc.r. Such features usually allow distJnction 
belWCCJ> mlcroblally colonized ddal•Oats and sedimeniary lamin11ed sequences. 
The cenerally smOOlb ltminated nature of ch• &.ci<1 would indiescc deposilion 
in che lower inicnidal zone within tn area of smooch mat. However. such a 
position would thertfore indicaic a shon period or cmeraence, which would be 
fa,ourable to fauna! activity disruptlna the lamination. This consequently m•y 
provid< evidence of a hiaher lhtn normal salinily which would re'1rie1 f.lun•I 
activity. la tum, c,posure and tn increase above normal salinity must h•ve 
been limited due to lhc acncral absence of dcsiccalian and evaporite mineral 
lfOWlh, a process tllat would also lead to duruption or lamination. 

The upper unit which displays a thick lamination or dark orcanic-rich 
sediment must represent a 'latcm.lly contia:uous' environment accord.ins to the 
bw of flcies (or;iinally •lated by Wallbcr, 1894, but recently discussed by 
~liddlc10n, 1973). Therefore 1be unit is int<rpreted as representing • low alpl 
marsh depositional environ.men, which wou.ld occur around the middle intertidal 
zone. Tbe sharp lrlll$ition belween the lower horizon (low in1ertidJll zooe) and 
lhe upper horizon (middle intenidal zone) provides evidence of a rapid chanae 
in sea level. Such rapid chan,cs ""'1ld usually indicate a ICCIDnic influence. 
Therefore, periods or subsidence n:sullin& from the activation or fault-bounded 
tilt-blocb arc found within lhe resuliant rock record. 

The sequence reflects a period of regression and '·near' emergence with 
aposurc probably nccurrirl& for shon periods at low tidal. This facies is 
overlain by a return to open ma.ri.ne conditions. 

THE PRESENCE OF SILICA WITIDN THE LAMINATED Fl\CIJ!S 

The complete silicification of indiYidual carbonate units is termed 
'siliei6ed limestones' by Orme (1974). The siliceous aaturc or lhe bed is 
iniupteted as resulting from a diagenetic r,placcmeat of original minerals and 

Figure 2. Diagram showing facies found at site. 
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with one side ovcrhana:in.a and the opposite side at a ,hallowtr anJle, 
Ountridse inrcrprctcd 11\c-fcaturc.s as I residual uscmblaie, which conllinod 
fossils prescrved In situ, but ,1so hod Sltllllcr siud inhabitants selectively 
winnowed and also includes the addition of dctrillll shells. No such 
maerofaunal poclccts were found within the Calver Low mud-mound facics. 

11fE INTER MOUND AND FLANK FACIF.S 

The inter mound facics represents an area of deeper water carbonate 
sediment accumulation which included tabulate corols, the horn-coral 
Zaplvtn1l1u and a fr-amcnt of fasciculate ruaose coral. The nank fllcies 
contains a hlch proponion of erinoidal debris and displays beddina whlch dips 
av.-ay from lhc mud .. mound core &.cies. 

TUE LAMINATED FACIES 

The facics consi,u of a low..- horir.oo of altcm.,tin& licJ>t and dark 
coloured laminations, which were a.round I mm thick. These >NC re ovc-tlain by 
a 1hlckcr, dark coloured horizon which varied between 0. 7 and 2.0em (see Fi&, 
3). The bed bcina l•terally pcrslsteot for several metres. Tho lower 
laminations cxhibi1cd a &irly planar form willl the upper borizoo rcstlna 
conform.ably upon tho lower laminated unit. Within tho dark &Jlillaccous 
matrix of the upper hori7.on, slllllll calcareous clasts up to 2mm are found. 
These arc believed to represent a bioclast and in1raclast component. The 
individual bed was noc composed of carbona1e m.iterial as found elsewhere. 
The material could not be scratcbe<l by a knife blade, suggestina a hardness of 
ovec 7 on Mohs' scale, bul was easily fractured upoo impact. It was therefore 
deduced this individual bed contained a high silica component. 

Laminations are chuaeteri.stk o( peritidal environmental conditions. The 
term peritidal (Folk, 1973) is commonly applied to the low cocrsy environments 
such u the subtida.11 iotcnidal and sup.ratidal :zone. The form of lamination is 
relaled to tho sediment supply, current and wave energy, tidal range, dei.rec of 
exposure and dorninan1 alpl specie&. The IC\·cl of biowrbatioo indirectly 
controls such sedimentary features as burrowing orglRisms may quickly 
bomoaeoise such sediment and also the dilaenetic regime. The laminites 
consist of fl•t•lying alternating dark coloured, or&anic rich and light coloured, 
-5Cdimcnt rich layen.. The •a1ga1 laminarcd sedime:.n.t.s• are termed st.rOmatolites 
if they dunonstrate vertical relief. The stromatolite definition was first made 
by Kalkowsky (1908) and has since become widely used. Park (1976) reponcd 
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Figure 3, Diagram of the lamina1cd facies. 
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