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EdHorf.11 
Not cvt,m the most tortuous of minds could dc.!tcct any Unks betw~n the 

arlides making up The North West Cit-ologist No. a. So let us make a virtue out 
of necessjty Jnd ask-where else but i.n the NWG cou_ld you find such 
extraord.inary cliversity of subject? 
Not perhaps 'shoes. ships_, sealing wax., cabbages and kings• but instead we can 
offer you \Vt!lsb ctt:stlt.-s and African mantJe plumes,. spiders ancient and modem, 
Wirral coast..! defences. Derbyshire gold, Earth Science courses at Liverpool John 
Moores Umvcrs-lty plus of cour.;t!., all our regular fe.atures. Some of the latter 
could be on th<.--ir la!it I~ as ,ve run out of museums and a:. the 6GS mappers 
move a\vay from North West England. In part compensation geological 
conservation is taking: on added importance these days. But ideas for new 
foalurt.'5 would be mudt appreciated by-

G.D. Miller 
Sheila Owen 

Notes for Authors 

N.C: Hunt 
Tom Ml'tc:1.1lfe 

Articles and suggestions for fulure issues are always m06t welcome and 
sho,~d be sent to either N.C. 1-funl, Dcpartm,nt of Earth S<:iences, The University, 
Liverpool L69 2BX; or to G. D. Miller, Oaklea, Diglee Road, Furness Vale, via 
Stockport, SK12 7PW. Artidos should be typewritten if possible and up to 3,000 
words in length. Figures should be designed for reduction to fit a maximum 
fta.tnesizeo( l80mmx 12.5mm. 

Copyright 
Copyright in the North West Geologist as a whole is held by the Liverpool 

Geological Society and the Manchester Geological Association. Copyright. 
how~vcr, in the individual articles belongs to thcir respective authors. 

Back Nu.mbe.rs of the North West Geologist and the Amateur Geologist 
Limited stocks of most previous issues are held in Manche$ter and 

Liverpool., and copies (at very modest pri<'l.'S) can be obtained by application to 
the editors.. 

A late.ca] Key for the ldentifko11tion of the Commoner Lower Carboniferous 
Coral Gonora 

Murray Mitchell's article ill the last North West Gec:,logist is now ,.wa.ilable. 
from the t-.1anc::hester Geological .Association i.n offprint form, AS in size with LO 
pages and a blue la.minate cover. The prke is £1.95 (plus 25p postage and 
packing) for single copies, Orders in bulk (ov~r 10) may be obtained at the 
discounted price or £1.70 per copy (plu.s SOp postage per 10 ordered). 

Orders should be sent to G. D. Miller, Oaklea, Digl,e Road, Furness Vole 
\'ia Stockport. SK12 7l'W. Please make out cheques to llli' MCA. 
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IN BRIEF .... 

Still more about radon 
Recent detailed surveys by the National R,:1di0Jogical Protec;tiori Boa.rd 

h;we added considerably to our knowledge of the radon risk (see-Norlh Vlest 
Geologist No. 1, 1991) in lhe English countit ... ,s of Derbyshire, Northamptonshirt' 
and Somerset. In Derby!ili.ire th~ proportion or homes excereding 1:h-e Action Level 
(200 Bq m·J) was highesl in an area broadly equivalent to the Carbonifcrou.,; 
Limestone Dome (and immediate environs). A sma.Uer proportion exceeded the 
level iJl the surrounding Namurian and also in the north-east of the county 
undcrl3in by Permian limestones. It is not cl1;?ar why the Cctrboniferous 
Llmc.sto.nc in Oe.rbysJtir~ shouJd present greater- problems than the equjvalent 
strat.a in Staffordshire, the West Riding and Cumbria. The survey does refer to 
the: importance of ~cabUity duc to fracturing and karSI formation. But we 
shaH h.1.ve lo await even more detailed area studies within the Derbyshire Dome 
to get a clearer idea of the situation. 

ln Nortfulmptonshire the NRPB survey found that much oJ the area with 
the highest radon levels is underlain by the phosph:Hic iruru;tunei;,. sandt-tones 
and limestones of the NorthamptonshJre Sand Formation and the L,.ower 
Estuarine Series. In Somerset high radon values \\•ere fuund over Lower 
Carboniferous and Mesozoic limestones in the norlh•east., and over Devonian 
rocks (mostly N1nds1ones and shales) in the west of the county. 

(Source: Documents of the NRPB, vol. 3, 1992) 

But where have all the tufts gone? 
As .i rock group the tum, have -had their ups and downs. Ups came mainly 

in lhl! 1950's and 1960's \.-\rith the discovery that rocks idL":lltified as lavas were in 
fact welded ash flow tuffs. But then came the downs. FirSt a numbi?T of air•fu11 
luffs were found to be hyaloclastites, and then a larger number wl'.'.f~ re-classified 
as epidastic rocks • with vokank constituents redistributed by sedimentary 
processes as tuffites, lahars, turbidHes as so forth. Such re-classification has 
appreciably modi.fic.-d ou.r picture or the Borrowdalc Vokanic Group in the Lake 
District • although as Fronk Moseley points out (M05efey, 1990), bC<!ded air/all 
tu.Ifs: '"can on occasions be difficult to distinguish from vokanidastic sediments ... 
the field relations are often inronclusive and their interpretation can then be a 
matter of speculation". 

In North Wales, too, airfaU ruffs ap~a.r to form a surprisingly small 
proportion of the Caradodan rocks in S-nowdonia o.nd rue far outnumbered by 
ashnow tuffs. The recent M.emott (Howells, ReecL.na1\ and campbcll. 1991) notes 
that signific.ant Plinian fall-out deposits are lacking in the sequeoces--sub:iedaJ 
and submarin(7 dominated by the addic ash-flow tuffs. "This", adds Lhe Memoir, 
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"Is In minkt.-d contra,n with lhc numerous c,mmple~ n( r«".l!ul subacrio.J ru;h now 
tu((s which ore pn:.-ceded by A Plhtian foll-oul phosc and followed by" fa.11-oot 
from 1he nll'endont cloud". AJ4 lor the basilltl, Bedded Pyrocl,1stk r-onnJtion, only 
a snudl ~'U't or il' ('()ns.l~t!.4 n( "gcnulncly 1:iyroclm1tk ('lemo.nts" and the tuffoccous 
sediments nrc dominant. Uu1 cvuld it be I hot the pendulum ha, now swuos too 
rar ln lnvour or the St.-dlmcntolug.lsts? 

Rdtrence,; 
Howells, M. F,, N«dmnn, A. J,, Cnmpb~II, S. O. C. 1991. Ordovldan 

(Caradoc) Mnrginn1 &$In VokM,lsm In Snowdoni.1. (North West Wnlt."S). Mem. 
Cool. Surv. C.ll. London HMSO. 
MO<!Clcy, F. ed. 1990. The L.,kc District. Goologlsts· ASsocln~on Guklct1. 

Ccologi.sls At Home and Abroad 
Dl':'lpilc the repercussions or UK <'un-cncy devatuMJOn geological fleld trip 

prospectuses for 1993 show plenty o( enterprise. North America is back in 
business with Manche!.'ltr's Extr::i Murnl OepMlrnent ofterlng th1t C.inadfon 
Rockies to Collforni• Uuly-August\, Nottlnghnm'o Adult Education Departmc111 
visiting the Yul:on nnd Alnska round the .snme time, nnd Oristol's Oepttrtmcnt of 
Cont-inuing Echm1Uu11 going t~ the South w._..st USA In Seph:mber-. Uven tllOrc 
11dventur-ous pcrhnps ls 1hc Cardiff Ocp;,rtmcnt rif Bxtramuml Studl+.!$ tour t1f lhc 
I lnwaihm Islands in lnte July~early August. The Mt-d.Jtcrtan~al\ is ilS popular as 
t:vcr. Durhom's Department ol Adult nnd Contlnulng Educ.tticm offer Crete in 
April; Brlstol l'('\ut'i'1 to Cyprus lnl'cr thnl rno1\th, g,o to Pompc.lJ ond Herculaneum 
ln May, and pa• S.1ntorlni a rl?turn vl$lt ln Oetob~r. Readers o( t..h~ North Wesl 
Geologist wlll , -.'member the ('01nprl'hcnsivr Held guid(I to the volcanics o( 
Nisyros in our Hn.t number - tnke it with you iJ you 11.re going with the Field 
Studle5 Council to Kos nnd Ntsyros ill the end of Moy, or with the Sheffield 
Division or Continuing liducation to Nlsyros and Santorinl In September. 
Sheflleld us ubo n,peotlng It• popuJnr trip to 1he Auvergne vok•nla, In Mny. 

At horn~ Scotlnnd It'! th(! most popul.u venui! (or g~ulugkal field trips. 
Arran gets two- wlHl Liverpool Centre for Continuing Educotlon 111 April ond 
OrhHol ln May, Mull hns a p3lr too slnoo LC(.'<"IS Ocpartnw1\t of ConUt,ulng Adult 
Bduc:atmn go~ there In early May, nnd Nottingham mns two courses in May· 
June. Ardnamurchon (Ourh•m. Moy-June) completes the Mlghlonds and Island• 
group, 

Further south thare'& the Su1nrnor Acr1do1ny Northumbria coursc centred 
on Durham II\ August-September, whUe ac:ross the Irish Sea SheUicld visll SouU\ 
Mnyo in May. Wal1ts ls represc.nted by Pembroke (Durham, ~ptc01ber>, 
Anglesey (Liverpool we"kend, May) lrnd the South W;,IC$ coast (Nottingham 
Wl~kend, April). And If yuu dun't wnnt to trlwcl !SO fnr you can ~till haven 
w1."('kcnd in Swnledn1c (Hull Oep:1r11ncnt of Adult Educntion, 1,,tt March), thl, 
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Yorkshire Coast (Liverpool, lute April), or tlu.1 South And Wi:si Loke Oist-rlcl 
(No1t1ngh.1m, early Octooor). 

O's an U1 wind , ... 
Dcn•k 6rumhc-'d''t .irtide lo, lh~ llult North West Geologist re(erred to the 

M1.11n Tor landsHp nnd its dis.utrou.s ci((e<ts 01, u,c main Manchester to ShcHield 
rn,-d. Accurding to Enrth Conserv;1tlon No. 30 0anuary, 1992) Mam Tor "$huw:i 
Ont! or 1hc bt'sl rotntil'l1i..1I l.1ndslicles in the i:ountry i\nd forms p,.,rt of lhe Ca.sUeton 
SSSI .. Movement o( th~ ro..1d downslope showtt, rhi;: force and di.n.-ction or the :;;lip 
4lnd ~fTUlin . .; as n. test.1ment to lht! power nnd mngnih1de o( such nr11urnl ,•vents." 
The Natlonnl Trwu hos made proposals lo improve the 1,mdscupc In this area, 
induding i, bridl~ path 11lons; the route o( the former road. English Nature, 
h0WC\'Cr, h1is shipped In on our bchu1r 11nd l,q consulting with the Trust to ensure 
that the slip'• best fenturcs ore prL .. en·ed and "the debris slope ntorphology is not 
moskcd by cxccssiv~ ve-getallon coverage ... Will the gcomorphologlsts show 
equal entcrpriSI.• in preserving visual evidence of our British c-~rth,1u,,kl.'S, mining 
subsid.L-nce and other natural dL~"I.St:crs? 

Holmts rtd.ivivus 
In th~ 1990 Amateur Ceol.ogist we drew nttention to th~ centtnnry of the 

birth of on, or Britain's grentest geologists, Arthur Moln1es. Ap,1r1 from Brit 
Robinson's note In th• Gcologi~t•' Assocfatlon Cfrcular, llulc notice wos taken of 
the event by the earth '8c:ic.ncc <-'St.nbJlshment. Th.ls was in striking contrast 10 the 
cclcbr,,tlons or the c:entcnMy or the birth uf Sir Mortimer Wheeler. an equnlly 
great orchOL'Ologlllt, whkh took pince In Oorchcsrer during September, 1990. A 
1unch in hJ$ honour W<\$ ht•ld ln the town; remrnisccn.:es were followed by the 
guests p<•rn.mbulnting round Maid~n Castl\.' hill fort and "pouring libations'" 
before returning to Oorchest~r fQr tci.l .1nd an 'Anim11l V~getnblc: Mineral' 
excrnvag.tnza. Earth scientists, howev~r, move (like gcologk,11 pr0\.'"t$S(!S) al .1 

mueh slower pace and H ls only In 19'13/4 thot the name of Holmes,, being 
honoun.,1. A fourth edition of hill magl\lRcent 'Principles of Phy•ical Geology' 
hos been ~lted by Donald Duff wlth the ossi.stan.ce nl an eminem cenm o( 
revisers • thirty (me c-hapte.n, .-nd ewer 800 pag(.-:s. Furthtrmorc, n Crological 
Society Arthur Holmes meeting 1, to be held In Iceland In 1994 - theme: the 
lccl.,ndic Plume nn.d Its influence on the evolution of the North Atlantic, 

'Send the co1(h forward' 
11,ls iitstructlon was to be found in rrumy older descriptions o( plogicil1 

Itineraries. The c0.1ch1.•:., point out tht: G1.-ologist!I' Association Field Meeting 
Secretaries, woro "full of geologists who spoke to each other (occasloruolly), nre "t 
the snmo pub, w•re introduc-,d to tho ge<>l<>gy en route by the 1"'1drr .. •. But o, the 
cost or coaches r~ astronomically, they were s-oon 11b.nndoncd for 'private 
trimsport'. This, c:ontfoued Jim Brynnt and John SvnM, ml.!nn, "cars doing 
hundred$ of miles, exht1usting thdr drivers be.fore the nrst exposure. isolntlng 
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1hdr occupnn~ from other olklonodos • and l~dvlng the cnr•l~5s tk!hlnd .is 

forgottrn outetstj" So they am proposing In 1993 to rcin1n')(:Juc1.• cc:Mch,-s from 
th~ London Emb.,nkmf.!nt with pkk•up poltH8 en routtt. ·pub stops (~rology 
pcrmllling) nnd <rNm teas(?)", 

M for M wt kJ,ow, lht l!.;i:.t Mldlnnd~ C'"""log.knl Society is t)nt;t of vc.ry few 
otht:•r bodle8 which c-1\n still nm S\1Ccts8ful coach fit'ld trips lor It, members. If the 
CA fullows suit, will otht!t 'WX'ict:Jcs take the plunge too? 
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CONTINENT Al. FLOOD BASAL TS OF Tl-I£ KAROO, 
SOUTHERN AFRICA 

by W.J- WADSWORTH 

Introduction 
Continental .Aood Basa.Its have re<leived considerable attention an recent 

years. largcly because of thci.r apparent association with Lhe early stagC:!. of 
continental disruption, but also because of their sheer volume and relativcly short 
eruptive time-spans. Of routse, they htn-e long been recognised as important 
components of continent:al geology, and have been intcnsin~y studied in various 
pans of tho world. But in plate-tec;tooic terms they have t<,ndl!d to be the poor 
relations of the Ocean Floor 13.asal~. which are e\~en mote voluminous, and 
appear to play a relatively straightforward role in the construction of oceanic 
crust. Until r~ently. the link bet"\,\•een Continental Flood Basalts and plate 
tectonics has be.en Htnited to the notion that initiation of a new ocean b)• 
continentaJ rifting and the establishment of a zone of pl.at~ construction (incipient 
mid•ocean ridge). '"··i11 in~vitably produce a certJin amount of on-land (i.e. 
rontinental) volcanic activity during the earliest stages of the process. bul that this 
is just a prelude to the more important business of generating new ocea.nir ausL 

Ho,\-·ever-
1 

the subject of Continental Flood Basalts has now taken on a nc-w 
lease of life, as it has become clear that they represent signifKant m.,gmalic events 
in their own right, and that they are probably the swiacc expressions of major 
up, .. -rel.Jings of mantle material (mantle plumes). itkin to the long-lh•ed plumes 
bclievcd lo be respons,ble for .st:riJ\SS of oceanic volcanoes such as the Hawaii -
Emperor Chain. These sub-continCJ'ltal plumes differ from their oceanic 
count~arts by theix much greater breadth (up to 2000 km acr0$S}, and this 
feature is believed to be fhe result of th~ plume spreading out to form a 
mushroom shape as it encounters a blanket of relatively thick continental crust, 
compared with the oceanic situation where the thermal anomaly is (fl0re readiJy 
dissipated. In both cases, partial melting of mantle material as ii is ele"ated and 
decompressed, leads to the generation of abunda.nt basaltic magma. In the 
continental context

1 
the plume prod.uces doming of the crust, with consequent 

rifting and volcanic activity, and if the tectonic conditions are rig.ht (i.e. the 
continent is already u.nde-r extensional stress), this proress may lead to ma)Ol' 
fracturing and the evenhial de\'clopm'2nt or a new ocean. There is convincing 
evidence that such a series of events has occurred a number of time. over the past 
300 m.y .. as the most recent re-arrangement of the continents ha~ taken place~ 1n 
particular, the Karoo basalts of S.E-Africa (and tllcir counterpa.rts in Antarcttca 
and Tasmania) a.re associated '";th the pOSt--Condwana separation of the southern 
continents and the eill'ly history of the Indian 0..""1n; lhe Parana basalts of Brazil 
(and simiLu basalts in Namibia) are as,;odated with opening of the S. Atlantic; the 
Deccart basalts of N.W. lndia with the main de'\<clopmen.t of the W. b,dia.n Ottan; 
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and the British Tertiary Volcank Province (and the-corresponding rocks in W. 
Greenland) v.tith the opening of the N.E~ Atlantic. The mantle plumes rt;>Sponslblc 
for the opening of the S. Atlantic, N.E. Atlantic: and W. lndfan Ocean may still 
su.rvivc a.s the active volCJnic areas o( Tristan da Ctmhn, Iceland and R&rnion 
ls.land, respectively. Not all Contincnto.l flood BasaJt.s fit this paHcm. however-. 
The Columbia River • Snake River T crliary basalt pro vi.nee and its associated area 
o( current voka.1\.ic activity (Yelhw1stone) appeo1r to be related to the ovcr~riding 
ol the E. Pacific constructive margin by the N. American plate. 

Karoo Jg.neous Activity - Cc.nc.raJ 
Igneous rocks of th~ Karoo Province com:ptisc both volcanic ;ind intrusiv~ 

• manifestations extending over a wide an:>.a of s.outhi:n\ Africa (see Fig. 1). They 
.ue found from the Zambesi River ln the north, to Port EJizabe.th in the south 
(2000 k-tn); and from Namibia (E.tende-ka) in the west to Mozambique in the east 
(nearly 3000 km), although the Etendeka rocks have closer affinities with the 
Par,ui,.1 basalts of 8ra7.il than with the test oi the l<aroo province. The prindpa) 
areas of volca;nic roe.ks (mostly basalts) nre Lesotho - best known for lhe­
Orak..:!1\sberg scarp at its eastern margin; the various outcrops ilTound the 
Ka1ahari desctt, which may well obscure-'1 mu('.h mort! l:!Xtensive lava field; ill'ld 
the lint:ar outcrops of the Lebombo and Nu.anetsi regi6ns dose to the western 
border of M07..lmblque. The area currently covered by Karoo volcanic rocks is 
probably over 150,000 km2, but the original extt'.!nl may have been an order of 
magnitude gre3ter. The thk.kness of the volcanic sequence is very variable. In 
.treas where essentially flat-lying lavas cap the Kar(>O Sl.>dimentary sequence, as in 
Lesotho, Lhe thickness reaches 1.5 km. However, a.long the MO'?llmbique border, 
v.1 lum~ th!? vole a nics are exposed in the 100 km-long Lebombo monocline. 
stratigraphic thicknesses ot' over IO km are encountered. The origi.nt11 volume: 
of Karoo lavas and associated i.ntrusives may have been of the order of 
3,000,000 km'. 

Most of the Karoo igneous rocks can be dated as Lower Jurassic (190 • 170 
1n.y.). In Lesotho, the activity started at about 190 m.y. (~lightly earlier in 
Nu.tu1ctsi), and although lhe extrusive e-pi.sode may have been relatively short• 
lived (perhaps only a iew milHon years), intrusive events probably continued 
until about 150 m.y. JSO, Else~.,.here activity continued into the Cretaceous. The 
Eter,deka lavas have ~en dated at round 120 m.v. and are believed to be 
associated "'"'1th the lower Cretaceous opening of the S. Atlantic. 

A1though the greater majority of the Karoo volcanics and associated 
intmsive rocks are basaltic in composition, there are also sjgnificant amounts of 
more diverse rock types locally. Rhyolites form an important component of the 
Lebombo and Nuanetsi nreas. At the other end of the t't'>mpc,sitional spectrum, 
picritic basalts and ncphelinjtes also occur in the Nuanetsi area. Tht'." basaltic and 
dolcritic roc~s arc broadly rholctitic in character, but more subtle variatiOt\S 
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(._•,~ hl~h MhJ 1t1,,• Ti \'M1l'th..•1o} C."11\ h'-' n•i:,,~nlM.'\I ,'lnV -.lh1\\'1\ h• h,wc .. pi.-clflc 
~'-'1.1,.:r.,5,hkr+I Jii,.1rif"11.1tl1,n,. 

Le"n1ho .. N.l;. C.11," Provh1C'r 
1'1w cvr'-' ""''·' lur lhl' ._:Jt11.lv ,,f !vlr1,,1 l,,1N,II, And rl.•l,1h...-.l l,loh:rih,• mtru~lou<o1 

i'- m 1h1..• 1nn1n KMoo b., .. in ol ~,uth A(nr., I 11,.•n-, 1, thlek "4..'lJUt.•ucv (,f 1..'t'l!-entfolly 
C'Untl111,.•nMI "°""tlm1..~n1,, Mn~ln~ frum lh1,.· urr~•r C,1rb1..11uh,•ro1,,1" lo lh1,.• Tri:w~~lr-. a~ 
ronlurn,,,hlv ov1.·rl'1lll by hl"·'h l,w1, (Or1l~t'l\'-l1'•1g l"orm,Hion) o( t,...,w,•r Jur.w4c 
11~(' Th,• t!'tr;,llt,;rnphk touce.:c~il••' lt' ,,., f<ill,.1w~•· 

K,,rc'O Sup,,rgroup { 

C•pc Supergroup 

Slonnh..•rn C:rvu1) 
ll<aulon Cmup 
Ila:• Cmup 
Dwyi..Group 

{ 

Dr,,kt.•n.>bt.•rg F-orni11tlo11 
C:IArc1\!t Formati01\ 
Ellil'II Fc1rm~tlon 
M1.1t1 ... no Forml'ltlnn 

{Ordovld,.m • Cnrbol\H\.'mu"i) 

The Karoo b..,sin dcvclopi..---<J by llw influx of M'Cllmc11U, fnm, S\1rtc1111\ding 
lR"d1nas~, f'ltpt"'('i4lly to the wuth wh~•ru th,• mnun1ntns of 1he Cl,pc Fold Belt 
(CArx· Town lo Port Ehi.tbt.~th), wc-rt" forming during 1hc <•,,tly hh,1ory of ttw 
b.l~ln, .,nd con1rlbu1cd mtttcrinl to it in PtJrmi.,n and Trl.1i.•dc:: 1imC), 1 he.• Owykn 
Croup" lnrgcly of gl,1<:l,11 odgJn (Dwyko llllltol. ond l• ,urrc-<•fod by the Bccn 
Gmup, malnl)' of dchalc (,lciC.S, with loc.'11 ro.11 n\C".t!!urt.-,;, nnd chMi\Ch:rlSt.."'-1 by the 
Clo:-..'"I''"''" Otlfo,, which llri,.t nppc,1n-d townrds 1lw top c,f thr O,.,,ykl'\ Croup, 
Above• 1lw 11\"Cn Croup, and more eenlr.illy di~po ... (-d w11hin the K.,rno U.,sin, .nti 

tht" dclt"ic/(luvlnl mud~1one11 i'lnd 4.3ndstonl'S of th,• Ucaufort Croup, reaC'hlng 
11ppN,dmnh•ly 6000 1n in thlc-1-;ni:M, ,rnd ch3r.1ctcrlS\'d by re-litllvdy nbunda1H 
"'-'J'lilll"ln rcin11111i,., Th,• owrlylng Slormbcrg Group romprlS<.'S ii M.•rlet-c,( Ouvll'I 
irnd dtltnk :-.l•dimcniir: (Mollcl'ICI F(.ltll\illlun) wJth ,pt..-ctnc-ulM planl fO$$II~ 
prt_-scrvc.-J lucolly; n ~ucne.: or red lx.-ds <Elliot R,rmotion): ,,nd tlwn !ll'Ollnn 
,.,,oth,1011l"b {C-1.-rL•n~ Formnllo,1) lmmcdi,udy pn.,ccdin}t 1h"• m1un peric,d of 
voh.,'"k :irtlvhy which w1w rl"tC to lhc Or,1k\.'ni.bcr-g F(lrm.itlon, Thf\ Stc>nnlx'r,; 
~u«L~bih-'O indkAIC..':'i progl'\.'<li"li\11,.•ly mot\! Mid ccmdilion, 

Ttw Ort1kl'n1>b<..1rt; lnvA.;, c-over a wldr 11rcn of ltsotho ,,nd N,E, Cnpc 
Pwv11H.:1.•, :\f'l'rt'\(MiUcly ,rJO km from N.lt ll1 SW, ,'Ind up 11,;, ISO km ;lcrt~'I. Th1.· 
1,1\'.I 1H1('(1..'l\,io!l rut .. 1'1 m10.in,un, thf(knt'!~" of 1400 m. ~nd 1,•,tCIH..'"i 3,50() m ab1w..,• 
'i.t.',, kvd Ttw .. -.,,tt.-rn ~~Mp o( the Or,,twnl<lhcf& is,, p.,rtiCUIMly lmpr~!tlvt ilil"Vnfe 
f,•,Hnrt..\ 1h-.: ltwii, ,,n,, n•mnrk~1bly uniform lhc1lrHtic bMonll~ k•f 1ow1.•r-11 typ.:8), 
,Hut 1 \•mrrl..,,• ., ,,,ct<'l'-ilon ol nrnlnly Ji.Ub1wt1AI '1uws, mnny whh pi1hocho1.· 
,urf.ltt.1,. ,'Ind i:h,'lrnth.•r1~•J by 11hunJ1mt v,~i,.ldcn• .,nd nmysd;il1,.'1l, 1 he lflw(.-sl 
fh,w:i- i,rr,•;,r hl hAVl' ,HrunrnlAt~d on .,n irrc.,;ular !(Utf;u·t' ed tlh.• ('lflrL•ntil 
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Funn.Hion (form1.-•rlv .,-,\11,-d th,• C,\,• ~u1't,run11.•,. \Vlth 1k l1Kf1nt.li\l"' p.ilc c,,lnur 
,m,I lt.•nJ,•11:\·v h' lunll :,,h.111,,,\ 1,,1u.-:,. ,1n1.f ,w1.•rh,1n~:-.) - prub,,bly l\.•pn..~nlin~ •• 
rolhug d"~·rt -.urf,,c, ... with., Mf"l);r,1ph1\°' rdld ,,t up tu Hkl m Ptllt'w l,W,'b 4w:n1r 
loc,-,IJ\', wh,•rt• h.•n1rnr..n pl.,~ •• 1,,1,.,"" d,•v,•l,,pl!d. ,ut..l lh\.·,t.• .1r,• .,~::,ud,ltt>J 
pynx.Lhli(' f,1(1\."'i \\o'hl(h fflilV n.•rn.,.._.,., ·•hn:,tll\- ,h.11\'ily .ul(I rc-t,,rt.-..:1 muLltlow,. 
(lt.Y~l.'-h1n.1l1y, nmn.• 'i1lic1,· low.,,. C,Hlt.f,~H,• - ,i.,cn,• cnmp:~1l1on.ll c.,n,_;1.•) ,in..• found 
n,•,,r tbc h.1.,1.-• of th1. .. -.ucc1..~-.11.,,1 11,,W'l'\',•r, lht.• ltulk ot th"· Dr,1l.rn::o,.1'.•r}; L.w,1 pil11.· ,~ 
mad1.• up of ,ub,wnaf h.,-..11t flm,~ .... ~C"n1.•r~tl\' .1 f,•w m\'ln.-:,. m 1hid.n-.-s:-., ,1n,1 
uruf,tmllv b.1,llli( rh ... ~, .... 1r"' widdy 1".-lh.'\'1.-d lo r",-,r,~•s\t fis...,un• -.--rupti1.-1n~ with 
httl•• "'"'J••nn• h1r ah,• ,i~·, ,•l"pnwnt ,1( ..;p:citK \'.t.:ntral h1k,1or .. ;-:,,,_ Much of th"• 
.,,1cn ..... lnn ,,pp1.•aN hl ·h.+1\ ,. N,-n cruph.,t In ,l r1.•f,111\·dy >hmt tim1,,-..,,p.1n of 1-2 
millmn v1,.•ilf"-

lntrusivr Activity 
K.u1.•o mtru.:o,h"· rod,,-. fnh•>llv Joknh-...) ,lT(' t;-'(tr'--'m"h ,1bunJ:1,nt 

thn•ugf'k,ut musl of tb11.• K.u1.10 h.bu\, ,,nJ pn"-umahlv n.•rn.'"""•nr t~; ,ub, utc.,nk 
,,,mpl ... •n\1.--nl ht th,• Dralu•n-..hl..•~ l.1V,t'i. M.11w o( tlh•m ar1.• ,;-hl'\.it•IJkl.', buch dy~ 
,mJ .. .ill,, hut oth1..•r mt,n..• cnmpl"•s ,ind d1stmctiv,• sh.,P'--~ an.' also J.nown. Some of 
th,· 1ntru-.1um, ,,rt.• nnt.i.hly ,tiffor(.•ntii.lt~. with ,umul11C('S r1,.•pt ... •:.\~ntm~ 
\'\JtlC'l.'lllratum~ ,,£ \\uly-fnrnl\.,I num:r,,I, ._1.1eh ,l.._ ohvm11.• and pynlXclll." (J.L'4.1 f1,. .. 
Ni-Cu .. ulph1J1,.•,;;), or 1'1h_ .. .,f,lh'-' c1.:-1d1c frJdl(H\S forntlni; v.._•in~ or (iltcr•pn..,~.J 
~h"'''t!t Th"•rl.' 1s ,1ls11 abundant l'\'iJl.'ncc ot loc,,t m1.•tan1urrhi!'<om ,1nd 
rhl"l,m,urh1,m f1f count!') r\X'k~. ,1, \,di .,s 11\kr.tctivn bchn'l't\ b.t.....,_ltk m .. ,H"'"' 
anJ ..._,hm,•nt-. 

Further Rtading. 
K. G. C,,'( (I'>~~) l'hl.' r,..Mt.K1 l'ru\'lnCt! (in Cuntin~ntal Flood 6,1::t,1h .. 

IE,1. J O. M,icd,1t1g.,lll); Kluh'Cr M,od,•mi< Pubh.i,..,r,,, pp. 2:\'l-271. 

ti. V Eal...-s,J. 5, Ma~h .Hld K. G~Co'< (I~) Tlk.o K;m1(> l~nrous l1r,winc1.a: 
,10 mtToduct1u11 5JX-C. rubl H'-'il Soc.S. Afr .• 13, pp 1-26 

F'. Wi,Jl.._.r ,\nd A. P,'1d\'t'V,1,1rt t 1'>49). Kartl\• d,•k'flk:., o( ch~ Unh-m or South 
A1n,,1 Gull g1..•oLSoc Am,Tk,1,60, pp.591-706.. 

Ill 

W. J. w.,Jsw,•r1h 
Uniwn..ity ,1f 
M,1nc-h,-skr 



 

FROM BEDROCK TO BA 1TLEMl:NTS: TI1E CEO LOCY, 
QUARRYlNG AND CONSTRUCTION OF 

CA ERGWRJ.E CASTU, CLWYD 

by JOHN MANLEY and WIWAM JONS 

lntroducliQl\ 
The remains of C'.aergwrle Castle stmd on a hill dom.m.ating the modern 

,;r1ILlge of C,crgwrle, which Jia IQ the imtn1;.."'Cililtc north. The castle is situated 
about half way betw,-cn Mold and Wre•ham in north-east Clwyd at SJ 306512 
(Fig. 11, and the AS4 I linking the two towns has m tum sharply to the west to 
avoid th<' hill. In its k,cabon the c;a.~tlc ij \·(.'T)' rnuch a border fortification It • 
stanch, at iln altitudf' al 135 metres OD 1ust b.l the e.asc ol the first s.ubst.mtiat 
Welsh hills in the form of Hope Mounl'a1n. Any defender <1n the waU-,,1tlk of the 
astt~•s ~1 curtain enjoyt>d exh."llsive \tie-ws north,-ast to,,-ards Chester, south to 
Wft'Xham and beyond, and north to Halkyn Moun lam. The castle slllnds on• hiU 
composed o( rocks of 1he t"arly Namurian Cefn-y-Pedw Sandstone. The c-d.stle 
ilsclf was sill'<! on the highest point of the hllL on s.,ndstone and grit oulmips in 
the south---\\'estem comer. 

Before the recent exc.1, .. dons the physical remains of the castle h.ld been 
described by King (19741. The present plon (Fig. 21 is odaptro from• new sun·oy 
of the monument carried out by O.,id Browne and D,wid P<'fcival of the Royal 
Commission on Ancient and Historira.l Monuments in Willes. The prt."·'t....x.cavation 
rem.ains of the castle oonsistNi of three substantial secllons of upst.Anding 
masonry ,1 partly preserved nonh tower 1-,tith o1n adjoining length ol rurtain w,,ll 
on Its "'ester-n side-: a length of tl~ l!Mt curtain wall with a su.r·vivlng ~krior 
buUress; n.nd a pootly preserved eastern to\\ter with o .st..--ction of the south ru.rti\in 
wall. The astJe ,,'3S defChded on its ea.stem 11.nd northern sides by a substAnlial 
rod.<Ul djtch and rounten.c:up bartk. llle dclen~ of the GtSU~ on its h'CStern 
side a.re more problen\J.tk, since tltCf't.t is no surfu.ct' indicatiOJ\ of cithcr wruJ or 
ditch. Whether the abs<en<r of both is related to the stoop,,.,.. of the slope of the 
hill in this area is difficult to dd-ermln~ lne~ Is~ certAinJy, considerable e-.ridet\Ce 
for pos1~mediC\•al qu:mying on lM. W<-Slem side of lhi! hiU. \-\1hkh could M,•e 
removed all a.rdtAcologicaJ indications of a ddens-ive barrier. So:~ 30 metres 
south of the monu1n('"nt and about 10 m£-tr-es below it there is an outlying 
eanhwork; u is po;slblt tlu,t this banlc provided some defence for the gani..on of 
11w castle ogainsl an attack lrom the .outh. Around the summit of the hill, to the 
eo1.st of the castle, lie the remains ol an earth-rovercd bank which delimit a.n outer 
enclosure. The bank is bcsL preserved on the southern side, but elsewhe:re is 
faldy insubstanti,,J and oocasionally intemtpted by later disturbances. hs dote. 
function and relationship , .. .ihh the masonry castle is unclear. 

The history of th• castle itself is both briei and dramatic. C•eri,,wrle Castle 
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was founded in 12/-S by Dalydd •P GruJludd, who was gh-en a donation of 100 
marks for its oonst?udion m n..~ for his loyalty <o the English a-own a~msl 
his brother. Uywelyn. Prino, of Gwynedd. During l.hree building seasons an 
increasingly fruj,lTated Oafydd mu.st h:a,1e laboured at Caergw.rte until, 
despairing of,_ • .,.. claiming his rightful inheriJance in Gwyn<!dd. he launched an 
artack against the Englisli, probably from Caergwrle. in spring 1282. Edward 
detennined on a massive and final retlliation against North Wal<"- Reginald de 
Grey·s !oms arrived al a deserted Caergwrle on 161h June 1282 and initiated a 
period of 19 wre):s of repair of the partially dismanUed forlilication. A synopsis 
of the English records of their building work durlng this penod has bren 
published by Taylor (1986). The worl<force was large and comprised :HO 

• carpentre<. 600 diggers and 30 10 35 masons. Details or the layout of the ta5tle 
itself are brief. ApparenUy the well which Dafydd had blod:ed, was cleared c,ul, 
and the "old keq," w.ss demolished. We are told of the p"5l'll<e of an "entrance 
gate·, while in1eroal bulldlngs, mainly of timber, included a "chaper. • "chamber 
for the pay derl:s", and "another chamber and• chamber O\'tt the ga1e·. The total 
expenditure by the English amounted to almost exactly £300. In the lollowmg 
year, on the 24th ft!bruary, the J<ing granted the castk to his queen Eleanor. by 
whom the building work may have been continued. On th.e 27th August., 
how,.•er, the ca5'1e - or parts of ii • caught fire. causing considerable damage. 
The castle was subsequently conferred on Edward of Demar/on as Prince of 
Wales and Earl of Chester. There is no ewl<nce that he repaired i~ howe,-er, and 
by 1335 it was in a ruinous condition. 

Excavations"""' carried out by the Owyd Archaeology Service within the 
masonry ca5'le, and in limited areas outside the curtain walls, during the period 
I~. All of the endi:i6ed areas within the curtain walls, •nd the accumulated 
deposits inside the north and east towers, were excavated do½-n to cit:hcr boo.nxk 
or the construction levels im.mediately pre-dating the castle. The principal 
consouction deposits and structural finds are illustnted in Fig. 3. From south to 
north these included partial mna.ins of the large, c:imtlar south tower, a bread­
oven; foundations of a n,,;tangula.r building up against the inner face of the east 
curtain; three smithing hearths; a well and srone,working areas. Where bedrock 
was not exposed the area appeared to have bttn I......Ued "P with a deposit of 
ora11ge sandy-day (Conlext Z!O), presumably laid by the castle builde,s in order 
co create a more e,·en interior. Three: .small sample exciivations were made 
through this deposit, two respecth·ely against the ea5' curtain and north tower. in 
order to ecamine the foundations ol the castle. 

GEOLOGY 

Geological 5'"tting 
Caergwrle Ctstle stands on a lull composed of rod<s of the early Namurian 

Cefn-y-Fedw Sandstone. Thett are two principal rock iypes, sandstone and grit. 
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Pigure 3. Plan p( I.he jnterior o( the masonry castJe, 
indicating princip,11 structures and deposits. 
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Figure 4. Regional geological setting of Caergwrle Castle. 
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The Celn-rF<!dw Sandstone sLrlkes north-~uch along 1h1.? (!,,st side o( Hope 
Mountain and then 6"ings to st:rik" cast~west through the hWs of CaC.'rgwrh.! 
C,stle and a,., E!<tyn (Fig 4); (Wood a,1d King 1924) At the castle the b<...:ls dip 
app-ruxl.matdy rwrthw.,nb at .ibou.t 30 . The s.u,dstone is comp.v.t.tively rt.':Shtant 
to erosion and so fonru. upstanding topography. The lower lymg are..i to the 
north is composed o( the 80lter, less resist.Int !'Aodiments of the Coal .M~aSU'fC9 
which straugrnphically OY<'the the Cefn•y-F,..:lw Sand.tone The 50Uth•east edge 
of Hope Mount•ln. Cnergwrle Castl• I fill and C.-.er Estyn are defined by tltr e.,la­
Bryncglwys F,1ull,, on the soutH'15l .Side of which th<-• Co.,I Measun--c r\"ilPfl'."ilr. 

Dunng the last glaciation th,s area was the ml'<ltini, point of ia, movmg 
eastwards out of the Welsh hlghl•nds ond • major Ice she<,I traveOing south 
am,,,s tltc Cheshin, l'lllin Crom the Irish Sea. At the height or th• glaciation the 
two ke sh<,.!$ rner~ed but during the waning stage• meltwater lake l.'J<isted 
between the Irish Sea l~ •he,,t and !lope Mountain. According to Pea.ke (1961) 
the east•west ridge of Hope Mountain blocked the 50Uth end of this l•kt> •nd the 
O\•erf1owing w.1la- cut .a notch in the ridg~. As the 3L1dt.'t retn:>Atlod. e.1Stwards 
two fu:rthet cuts \\f\?Te made In the ridge. wc-h one lowt.'f' and further Cdst than the 
last. C.tcrgwrlo Co.st.le HiU c, th• remnant or the ridge between the two l•ter 
,,.lleys. while th• present River Alyn ru.ns through the most easterly cut (Figs. 
4,5). Mott recently Thomas ( 1985) ~ sugg~ted th.at the valley!lli wert! cut by 
subgladal •tmuns at a time when tbe Hope Mountain• Coer Estyn ridge was •till 
covered by Ice. The '"'P-'r.ltlon of th<, Wtl<h and Irish Se., fa, sh<ciS hoppened 
between 18,000 and 14.500 y•= ago CThomo, 1985). so the topogr•phy or the 
area around Caergwrle has probably remained essentially the .sa~ for '1boul 
15,000 y..,rs. 

Lithology of th• Cast!, HIii (Fig. 6) 
S.1ndstone Is the most abundant or the two main nxk type< on the hill In 

bond spec,mt'll it is fine t<> mc-dlum gramed, u,ually pale grey and constSts 
predominl1.lltly of quartz gr11lns. Decomposed feldspar grains ore .i mi.nor 
ronstituent, giving the rock • pale yellow rolour. Iron st.lining by pen:ol.lting 
ground wat,.'1' has given"'"'"' outcrop$ a n...:ldi>h rolour. Tlw rock is quire porous 
inoultrop. 

The grit i. • pebbly ..,nd,ton• with l.irg• subrounded pebbles up to 40 mm 
long in• pale grey sand,tone m.,trix. The pebbles an, mo.tly vtln qua~ and 
quart.die with a f•w vok.mic ond granitic fmgmenlli. The grit olllO ront.i.ns Oakes 
of sllt and shale which art' very soft and are easlly eroded out to leave pits in the 
rock face. A cyUndrlcn.l hole in th.c vertical fuc:c below the south tower b 
probably• mould ol what was originally a tog buri<d in the gravel. Thin p<-bbly 
bonds also occur locally in th<, sandstone. 

The rodes dip northward.• ,o that the oldest beds should appear at the 
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Figllft 5. Glacial Mcl!\'.•ater Channels ben·veen Hope !i.tountain and 
C.aer Estyn Rid1,-e. Channels are nun\bcred 1, 2 &3 in order offormation. 

After Peake (196ll. 
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south <!nd or th<! hill 1n fact there a.re no outcrops below the grit on the! hillside at 
the south tower. This is the highest point of the hfll and it was an obvious 
location to site the castle. About 70 m south•\\'<!Sl of the south tower, in the angle 
between the road and the bou.ndary wall, there is a Aoat of small to m001Um• 
grained sandstc:mt and occasion.a.I stindy limestone cobbles.. .At the southern end 
of the nexc field ther~ is an old quarry just east o.f the road exposing flasgy 
sandstone (Fig. 6). The only other exposure ol rock beneath the grit is at the 
eastern comer of the c;asUe hill where a quarry shows the base l'lf the grit infilling 
a channel in sandstone:. It seems that the beds below the grit are sandstones 
which are generally less massive ai,d finer grained than those above the griL 

The grH is best exposed at the south tower where il is massive and 
structureless ex~pt for some crossbedding. Large boulders of the grit occur 
along the south-east face of the hill but then~ is no definite outcrop until the 
quarry 41t the MS:tem comer. Around lhe romer from here at the southern end or 
the north-east face, the top of the grit grades gradually into sand>'tone. At this 
comer the grit is about 10 m thick. On the-south,•west side of the hill there is a 
scree of large boulders o( grit which starts at the south towe.r and spreads out 
downhill, parti<;1Jlarly to the north-west (Fig. 2). This may be a combination of 
rocks displaced only slightly from the underlying grit horizon, and rocks tumbled 
down from the top. A minor grit horizon 1 m thick o«urs at the top ol the south­
west hillside interbeddcd with the sandstone 2 m above the top of the main grit 
band. 

The sandstone overlying the gril ocrurs in massive beds up lo 2 m thick 
and also as thinner ftaggy beds a few cm thick, the latter showing occasional silty 
partings. The more massive horizons form positive wpographical features and, 
are so:metimes picked out by quarrying; five such horizons are shOv.'lt on the 
geological map Fig. 6 and the cross-s«tion Fig. 7, labelled SJ - SS. The northern 
end of the hill descends in a series of steps, the •'leeper slopes being the dip slopes 
of three of these massive horizons (Fig. 7). 

l\velve rocl<.s from Uergwrle HUI were examined in thln section. These 
included six representative samples of the Cefn-y-Fedw Sandstone comprising 
the hill, lour possibly exotic specimens associated with the castle itself and h'-"O 
pebbles out of the soils. Descriptions of the s,'ciions are given in Appendix 1 and 
their original loa,tions shown on Fig, 8. 

The sandstones malcing up the bull< of the hill are porous, moderately tu 
wel1 sorted, fine to medium-grained rocks. They consist mainly of sub.l.nguiru-­
subrounded quartz grains with a subordinate amount of qua.rttite grains and line 
grained intraclasts. Traces of leucoxene, tourmaline a_nd zircon are usually 
present. There is little or no feldspar, a characteristic o( the Cefn~y-Pedw 
Sandstone in general vlhkh distinguishe$ it from sandstone horizons in the Coal 
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Figure 7. GEologica] <ms->;-section through Caetgwrle Castle Hill. 
The location of the section is shown in Fig. 6 .ind lhe key 1:5 as for Fig. 6. 
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Figure 8. Locations of rock samples examined petrographically (see Appendix I). 
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Me~-ures CC1mpbcll & Hains 1988). Wen developed quartz overgrowU\S C(!fflt'.f1t 

the rock togcthcr a.nd there ilre oc:casfon.U patches of interstitial fem,ginous 
material. The s.,mples nll have a good porot:iity of 15·30%, The si1xtion of grit 
examined h-as monocrystalUne arid poJycrystalline quartz .and mhlor ch<'rt 
pebbles in a matrix which is the same as Ute s.1.ndstone. 

Structure of th~ Castle Hill 
The rock outcrops are rut by joints which are ~uticularly well displayed dt 

the south tower. The joints tend to be more prominent and mor~ widely spaced 
ii\ lhe grit than in the s.,nd.stone. The orie-ntations of 42 joints were measured at 
the south tower and these are shown as a rose diagram in Fig. 9. The principal 
orientation is NNW-SSE and it is .11on,g the line of weakness due to this set of 
joints that the glacial meJhvater c:arved the v~lley west of the a1stJe. A less 
prominent joint direcHon is ENE-WS\'/ which is parallel to the llalo·Bryneglwys 
Fault. These r."o directions of weakness a1."'00unt for the tozl!t'lg:e-shaped outlin~ 
of the hill. 

Tht' attitude of the bL-dding at c,utcrops was measured with d compass,. 
clinometer. A total of 49 m~asurement.s was made. These data are shown as a 
Sten:ogram in Fig. 10. Several measurements were made at any one exposure and 
the data shown on Fig, 6 are me-ans of 2, 3 or 4 mc.:isu.remcnts. The beds generally 
strike east-west and djp northwards at 3011 but thert? is ti tendency for the strike to 
va.ry from WNW-ESE in the \1,'CSt to NE-5\\1 in the L-ai;t. The dips at outcrops on 
th<' hill become gentler ~outhwards and th.i.s trend is continued by the flaggy 
sandstone in tho quarry 200 m south of the castle which has a low dip of only 10". 

BUH.DING STONE 

Uses of building slone 
A visual inspection oF th~ stone faces of the curt.a in walls, towers and 

internal features o( the castle '1'1.lggests that dilferent styles of walling masonry 
were utilised at various points. All togethec six 'styles· were identified and these 
are described in Table I, along with their principal locations on the monument, 
and illustrated in Figure 11. 
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Figure 9. ORIENTATIONS OF JOINTS. 
Rose diagrant o( the azimuths of 42 joints me.."tsured at the South To,ver. 

TI,e combination of the principal NNW - SSE and se<:ondary ENE- WSW 
directions is responsible for the lozenge shaped outline of the castle hjll. 
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Figure ID. Th<, attitudes or bedding planes. Steroogram of poles 10 

bedding plan,s for 49 me.>Suremau:s on Caergwrle Ca:stle Hill 
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TABLE 1: De:kriptions of (he: six masonry s:tyltt al Caergwrlr Us-tie and 
their principal loati.om. 

Masomy Style Il:t:SCri:prion &i.Qcipal ltOAtion 

Large Regular Rock Finely dressed, rectangular ElstTower 
(LRB) sandstone blocks of standard North Tower 

heights. Wru,n laid in 
homontal COUT&'S there 
is no need for the insertion 
of flags to achieve a level 
platform for the next course. 
The blocks, on averag,-, 
measure 0.4 m wide by 0.25 -
0.3 m high. 

Large Block & Flag A mixture of large, South Tower(south 
(LBFI rectangular blocks and face) 

smaller, thinnw flags, North Tower 
both of sandstone. The Oven 
flags are used as , .. -en .... 
The average block size is 
0.5 m wide by 0.3.<; m high; 
the average flag size is 
0.09 m to 0.55 m in length. 
O.ffi m to 0.08 m in lhkkness. 
but p"'ne to shattering. 

Sm.ill Redangular Block Almo6t entirely romposed East Curtain 
(SRB) o( Sini\U to medium .sized (exb!mal) 

rectangular blocks of South Cwtain 
sandstone~ with , ... ery few (external) 
flags. The a,..,,age larger 
block measures Q.35 m \\'ide 
by 0.25 m high. while the 
smaller is on avenge 0..25 m 
widebyO.!Om high. 

Small Block & flag A mixture of small sandstone East Curtain 
(SBF) blod:s .>nd flags. The (internal) 

general appearance is South Curtain 
irregular but the masoruy (internal) 
is well coursed. The Oags North Curtain 
an, used singly. both to {both faces) 
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Flags (F) 

Grit Block & flag 
(GBF) 

le\·el up. and superimpo5"<1 
l.n two's and three's," 
p,rhaps indkaling • short­
age of blocks. The average 
block sfae is 0.35 m wide by 
0.15 to 0.30 m high; the 
Dagsare0.15 totl.25m ,.;de 
and O.ll3 to 0.08 m high. 

Occurs on a dtscttte .section East Cuna in 
or the internal face of the (mtemal) 
east curtain «>mprised of 
-sandsmne flags. 
A v,.-age size of flags is 
D.20 -D.25 m wide by 
0.6mhigh. 

SuNiving two/lhrw 
musses of90'.\ grit and 
10% .. ndstone blocks. 
The a,,erag,, block si2e is 
D.35 m wide by 0.25 m 
high. Sandstone flags and 
small redangular stones 
att used betwa,n the blodcs. 
The average flag size is 
D.20 m wide by 0.06 m high. 

South Tower 
(north fare) 

Cearly individual walls could be built in a single style or in more than one 
style. In the latter case changes in the masonry style can occur either ,·erucally or 
horizontally. Table 2. below, giv,s some i,,diation of vertical and horizonllll 
relatiOJ1$hips i,, walls which Incorporate more than one style. 
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Figure 11. The six prillcipaJ 'styles' of masonry at Caerg,"Tle Castle; 
SC~ T;,ble l for definitions. 
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TA8Ll3:2: Th.t-vtutlal olfld horiJ.ont.11 rdillion,hipA or the s-lx ma..~nry styles 
•t C••,gw,I• C•nl•. 

Vutlc.d R•l•tlon,hlpo 

North Towe, (ext<ffl;II) 

North Tower (Internal) 

wt Curtain (inlenw) 

£Ast Towe, llnlerMU 

South Curtnin (cxtern.11) 

Horlzoni.l R.elatlonships 

North Towt.'1' (extem.11) 
North CwWn (cxtern.10 
SouU, Cu11.11n (C1<tem.1U 

EaSI Curtain (intt!mal) 

Small Rq;ular Block occurs 
abo,•o, Lorge Block It F1,1g. 

SmAll llk>dc & FL1g omm 
obo,·• •nd by tht' •Ide ol 
Flag,. 

Sm/Ill Block&: FlAg occurs 
•bove LA,ge Rq;ulAr Block. 

SmaU Rq;ulu Block tlttUrs 
above and by tht' side or 
S11141l llloc.k & F1Ag. 

Small Block &: Flag 
WM built """' to Sm.II 
Regular Blod<. 

Small Block dt Flag was built 
next to Flags. 

l'n,limin.uy analysis of the s,x >tyles lndlelt,i1 lhnt they appear tu .._,,,..._'flt 
dlll<ring ~ of &oplli,atlcation ol m.,..,,,ry, and. by implic,otion. varying levels 
of COOi and skill in thcir c:on>tructlon. In Table I iJ,c •tyles are li.i<d in oo;ler ol 
dL=•ing quality. from lhe finely dressed ronsbt.'fltly lorgc n.'<:1.>ngular mneo 
lh.11 11\0kc up I.RB to the rough hewn blocb of grit th.lt c:omprisc, GBF. The 1.attl!f 
51yk, WM us,d ""clu5ively on the north foundation <Ou....,. of tl\e 5()Uth tow,.,.. 
The "°"th tower w•• prob.1bly one ol the first construc:tion> on th<•••• by D.uydd 
In 1278, Ii= it comm,ndod the hlghc<t pt>int ol the hill •nd was intended to be 
th• 1,..,p. It was <0n~lru<1•d on • grit outcrop •nd perhaps the builders 
exp<rimt"nlod wlU, U,e immcdlatcly avui.ble local •tont.-. The grit, however, D 
"'"""'1V"lncd ond lwd. 4Jtd ,-ery diffK\111 to worl. into a usdul shape <omJ"'N.'d 
wuh ,..ndslone. Ccrt4inly the oouthcm (are of the souU, tower was c:onstruct<d 
In LBF, a much more irnpres5""' ,ryi... This probably Implies that the ma_,;ons hdd 
givm up the •xp<rim,•ru of trying to build with tl,c grit. •s a major component, 
•nd IMI they ulili?.cd • sophlslic.lted •tyle o( mMOnry on outside la«< ol lhe 
<astlc to tmpn.ss visitor>. 
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The formula behind the spatial distribution of the masonry styles, 
thl"!rcfore, can be accounted for by two synchronk factors: (a) the net..---d to have the 
most prestigious masonry in the towers where the principal living 
accommodation was and (b) the requirement to have better masonry on the 
external faces of curtain wnUs. Internal walls were, o( course, Jikely to be 
plastered, obscuring Lhc masonry. However, Sood quality blocks would make 
plast~dng ea.sier, and more even. It seems plausible that different groups of 
masons wen.-skilled in particular masonry styles, rather than masters o{ all the 
styles. The £300 that was spent by the English at Caergwrle during the 19 wooks 
period in 1282 seems to have paid for a Jarge number of carpenters and diggers, 
and relatively few masons. The implicatfon is that most of the surviving masonry 
at CaergwTle was built following the directions of Dafydd between 1278 and 
·1281. The English presumably anticipated further building seasons and no doubt 
additional masonry (Taylor 1986, 38), although there is no indication that such 
plans were ever implemented. 

Sou.rce of the building stone 
The sandstone and grit used in th.e castle .-re dearly the same stones as are 

seen outcropping on the hill. The grit used in the south tower was taken from the 
grit hc)riz:on on which It stands. On the othc-r h.and the sandstone could have 
been quarried from almost anywhere on the hiU. 

The 10C3tions of quarries on the castJe hill are shown in Fig. 2. The largest 
i.s at·the northern end of the hill by Castle Stn..:.et but this is a long way from th(~ 

casUe and is presumably relatively modem. Another large quarry lies just north­
west of the castle, Here a line of south-west facing rock outcrops begins right by 
the castle: and runs north•westwards down Lhe hilJslde. The south-west side o{ 
the quarry is marked by a ridge, presumably composed of spoil (Fig. 2). The 
stone in this quarry looks a swtable match for the castle and this was probably 
the principal source of building stone. A cluster o( small quarries at the eastern 
tnd o( the hill might be rcJevant to the castle, but are more likely to relate to more 
recent building-activity in Caergwrle viltage. 

A few samples were taken from possibly non•local rocks at the castle for 
thin section examination (Fig. 2). One specimen (C29 - Ap!"'ndix 1) from a large 
boulder (Fig. 3; Context 347) in the ca$tle interior close to the north tower exactly 
matches the sandstones of the castle hill. It has probably moved o:n.ly a short 
distance from its original outcrop position. 

One section (C30 .. Appendix 1) was c.xamined from a large number of 
small, llatti•h slabs found in a pile (Hg. 3; Context [3281) in the n<>rthern half of 
the castle interior. This is also a sandstone like the rocks forming the hill. These 
stones may represent the detritus from final shaping of dressed stones before 
their incorporation in the walls. The stones were coated with a grey clay which is 
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quit< dlsllnc1 l,om the u•Ulll n,d brown clays Al the costlc This cl11y Is probobly 
dcriv-.-d from thr thin t'll'ly loy~ hucrbc<lded with th-: Ct:.fn-y•fl-<lw S3J\dstone 
iUld iJ. not tclmed to th~ glad.ti depoisits. 

A sample (06. Appcndil< I) wo, rnken from the in,.rlor of the ov•n 10 
l'epresent the sm,111 number of rtid ~nd.stonc bloc:b used in thl' castle. A slmHnr 
spc,cimcn (Cl • Appt>ndix 1) wn8 al.so In-ken from the dump ot l~c ston,19 
<•~<•••lion spoil • derlv.-d frum ..,uthem half of the castle) by the c»t tower. 
These two ~ s.,·ndstones rl"Semblc the usual pole mlour«t s.,nJs1oni: in being 
quulx rich 111,d ha\•intt substantial quart! overgrowths. The red rolour is 
11"'°""'1«1 with •=II h.lem,1titc grruns end,,.._'<! within the qUilrtx overgrowths 
along,~ original grodn boundaries. Thetic rN 50nds1oncs are. therefore, JU.St n 
variant of the usual nxk type forming •h• hlll ond prob.1bly did not oome lrom 
el~he-ra. 

The only stone found In the fabric of the castle whtch Is defmitely not 
duriv,od from 1he Cefn•y-F,'Ciw 5',ndstonA> i!I to be socn in the rollop,<-d wall ,11,.., 
to the PJlh. lt is a round gr1..<cn b(nd.: llbt,ut 100 mm long, perhaps il 1u(f from tht 
1.1,ke Oist.rlct. •nd ha> possiblo .tri.itions on Its surface. fl prob.lbly , • .,,. ou1 of 
tho boulder cL>y. 

SOltS ANO CONSTRUCTION 

Undl•tu.rbed •nd r,dcpo•ltod bouldor cl•y 
During the glaciation the c•stle hill was burled by the Jrl$h S... lee sheet. 

Tht-hlll protrud\.-d into the In, MJ that it would hnw.: ~en scoured de,m. but 
boulder dny t·ould hnvc Mn deposited ln relatively shclteN.id l\l'Ci1'S betv••t.-en the 
ridges of massive sand.stone and grit. Boulder cl4,y hns bec-n found In .such a 
sltui1tion in 1he mlddle of the t-asU~. Overlying it, with n buncd soil hori:7.on 
interv,ning, b • grit1y ""' cl•y. This clay underlay the follen miuonry but 
incorporated piect's nr l'ilag, sui;scsting thiU It was lnld down during the 
oonstruct1on of the cnstle. These two distinct cl.ly horuons "'" found throughout 
o 4lrge P"rt of the interior of the •••tic ,,nd towers, ond it i; suppooed that the 
lower hori1.(ln Is undi,turb<d boulder day wh•"'•» the upp,_...-horizQn Is boulder 
day which was deliberni,ly spread over 1hc sl1e to giv,: It a moru level surfilce. 
'r11ese two cl•y deposits were recor,1ed In smoJJ 5'1mpl.o excavations dug og.tln.st 
the inside foces of the ~t nnd north curtmn w0lls and from the centre o( the site 
(Fig. 12), 

To tt•.s.t this ld~a eight soil sJmple,s were investlgatl'd by particle siA­
.in,llysls. chcmic~l 01mlySis and m.JCl"08COf!iC exrunin.1tfon of thu c:o..,n;cst rm('tion. 
The ,.,mph.~ wen: rollectod mostly fro-m the th.ree .small ~.xcavntlons and wt•re 
chc.>!i<.'n to repre11(:nt both the presumed undlsturb~ boulder clay .and the 
reworkt..>d mzatt.'Tial. Fig. 12 show9 the .s.i.mpllng loaitions. 
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Figure 12. Locations of soil and stone samples wit-h.in the castle, and the 
posJtions of the two s.,mple exc-avations against the east and north 

Curtain Walls, and a thlrd sondctge i.n tlie interior. 
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Agu...., 13. CRAIN S17E DISTR16VTION IN SOIL SA "11'LES. 
The >-ertirul sc.il• •! 1he wdglu pc,ttntig• of the •oil Mmplc whkh Is 

coa= th.ln 1hc grain diomctor on 1h,• horb.;,nt•l lC'Al•. Mah!Ml l,,rgtr 
than 2mm l• .-xcluded •nd the fraction smaller than 0.0bJ" Ml subdivided 

All .. ,mp! .. have .im,tar ploisand show• bro.id rangcol gr•ln ,lie. 
<h.ir.ictcri>1k c>I bc>uld.,. eL,y. 
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All the samples were dried at 120"C, lightly mortared and then dry sieved. 
The grains larger than 2 mm were sep,uated and then from the residul! each size 
fraction was weighed rll\d its weight p€rcentage calculated, The results a.re 
shown as cwnulalivc frequency curves in Fig. 13. 11,is Figure i$ laid out so that 
the first three columns have reworked wils (C34, C6 and CJ)} on the top row, 
and the supposed natural boulder days (C3S, C2 and C33) underlying them on 
the bottom row. The fourth column shows a sandy soil (similar to Context 210) 
from wit-hin the north tower (C37) a1,d a presumed old soil profile (C32) 
overlying the boulder day. 

7'he most l)bvious feature of Fig. 13 is the similarity of all the samples, 
suggesting that they are all basically the same thing. They show a broad spread 
of grain sizes, a feature which is d1'1racteristic of boulder clay (Easterbrook 1982). 

ScnU--quantitative chemkal analyses were carried out on all eight samples 
for pH, P. Mg, K and NO:J using a soil nutrient analysis kit which detects the 
ret1dily le;:;ichcd components. The resu.Jts are shown in Appendix 2 which is laid 
out in the same way as Fig. lJ. 11H~ most significant feature of this dafa is again 
the broad similarity between the samples. The pJ-1 is very <'OnSi!=:t<mt at the 
slightly alkaline figure of 7.2 - 7.5 which compares well with the mean pH for 
boulder clay locally of 7.6 (Campbell & Hains 1988) although C2 is distinctly add 
at 5.9. Phosphorus shows some variation between 5 and 60 ppm (parts per 
milJion) but there is no consist~nt differer,ce bt."twccn lhe natura.1 and reworked 
materials. Magnesium shows figures typical of ordinary soils but Potassium and 
Nitrate arc comparatively low, Nitrate actu~Hy being unmeasurable by this 
method. These low figures for soil nutrients arc again what we would expect of 
boulder day. 

In contrast with the. bro,-1d similarity bet\\•ee~ all eight samples for the 
fraction smaller than 2 mm dfameter, there a.re considerable differences in the 
proportion of each sample represented by grains larger than this size (Fig. 14), 
The highc.r layc.r consistently has more of this coarse material, which accounts for 
it having a more sandy texture in hand specimen. The difference between the 
two layers is probably because human and natural erosion breaks sandstone 
fragments off the bare rock outcrops and these then be<::om~ incorporated in the 
reworked soils. The clearest example of this clfcct is shown by the sequence of 
samples C31, C32 and C33. They are all from the same ~ection against the East 
Wall, C33 being the boulder day, C32 the soil developed at its surface and C3I 
the overlying rev,1orkcd m.atcrial. C32 and C.33 are nearly identical whereas C31 
is similar but with much more of the fraction larger than 2 mm. 

The fraction of each .soil sample coa_rs<!r than 2mm was examined under a 
binocular microscope and separated into eight different rock types which were 
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weighed separatel~. The results are shown as pie marts in Fig. 1-4. The area of. 
each chart is proportional to the weight percentage of Lhe whole sample 
represented by the fraction coarser th.an 2mm. 1lte data arv laid QUt in the .same 
manner as Rg. 13. The eight classes of rook lrasment are: 

A: Suk.nsub-r to rounded frogmen ts of porous :-ondt',tonc. 

B: Subangular to rounded hard iron renentcd fine to medium grained 
sand_~e. 

C: SubanguLu quartzite and chert. 

D: Fine gn,itlcti n1icaccou.s .sandston~ 

E: Fme grained volcanic rocks. 

F: Quartz grains, most milky. some showing overgro"rths.. 

G: Buff to gey siltstone. 

H: Coarse grained igneous rock lraginents. 

The t11(1$1 significant feature of F,s. I~ as of Fig. 13 is th,, broad similarity of 
an the samples. The same particle types appear in roughly sinu1ar proportions in 
an the soils. 

Typ,, A is probably mostly deri,""1 from the castle hill sandstones while a 
large proportion of Band Fare a]SQ local The content of type A is considerably 
higher in the reworked soils than in the natural boulder clay. This is because 
qUMtz. grains and small sandstone fragments eroded &om Lhc-rod:. outaops. 
would have become incorporatL'<I in the redistribu1"<! day. E and H mu,,~ have 
come from far away. a.gain showing that the soils arc redistributed or 
undistwbed boulder day. 

The undlstu.rb..'CI boulder clay contains small black particles up to• few cm 
m diameter. A sample (Fig, 12; C36) of these was ex.-uniood under a truCl'OS<Op<' 
and they are dearly mtl, th~ glossy vitrain layer., befog particularly diagnostic. 
The ice would ha,,e picked up 1h.ese coal fragments as it flowed southwards 
towa.rds Caergwrle across the Coal Measures outcrop. lt is noteworthy that 
similar looking coal fragments occur in the glacial gravels at Borras 8 km to the 
south-east.. some of them up to 50 an in diameter. 

Finally two stones CFig. 12; C38a & O were =mined in thin section from 
the presumed boulde, clay in a trend, by the east Curtain Wall These are both 
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figure 14. COARSEPARTICLETYPESfNSOILS. 
The area of each pie diagram is proportional to the weight percent of each soil 

sample which consists of particles coarser than 2mm. See text for explan..1tion of 
partide types. The reworked soils (top row) contain a greater 3mounl of locally 

derived particl• types (sh,,ded) than the in-situ boulder day (bottom rowl. 
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very Hnc grained «x:k,, one! ., phylUtc a.nd rhl! otht.•r <'Ompos<.od of opo1quc 
hydml<'<l Iron o~lde. 

We rn,,y concludt hom Ihi-: :inaly&lj o( the tioib th,11.. tht presumed 
undlsl\lrbed boulder day Is jusl lh41, ond IMI the deposit• nvcrlyln11 the old 
ground surf.lee are redbtribut(td boulder cl.,y ,~11h th~ addition of D ~mntt 
"mount or CO.'\f'K' loo11Jy drriv(-d m.1terinl. 

THE WEST CURTAIN WALL 
A mi.,for problern 111 understanding Cacrgwrll! C.astlc lB tht.• aht(.'J\Ct' of n 

\\'t.'Stc.rn curt.olin woll ,md o( pArt <J( rhc aouth I0'-'1t'!r. h might be nrgu«t U,.lt thl:rn 
n<!Vcr wi,~ 11 WC>tcm wall, but undoubtOOly " l:irge p.1rt of the !iOuth tOWM' hns 
di<.1pp<mrcd. If Ille circular 11'.lC\' of the 1uwcr Is cxtmp<,lat,'<l, h•lf or more of Its 
rirmmforon<• would be beyond the edge of the crag on whl<h 11 stands P,,rt <lf 

th!J crag mu,t have Jk.lppcor'<'<I. ellher by ""'5ion or by bolng quarried aw•y by 
nl.)n 

Only llmll,-d Ct'O!llon hos 1aken pln~e on the Wl,.tern olde nf the hill, but 
there is <onsldcmbl• evidence for 11u,mylng nctlvlty lln th-, w<SWm •ldc of the 
castle. The \~rtlcal f-.ln-s under the south to,vl'r iln." natural joint-. which c.1n be­
.seen ronli.nutng mto the rock at the ronK-rs. but ~1unrrymM would unduubt,<dly 
have WS<d lhcsc to pris., the rue,~ npM1 The ground •urfacc b.,low the two m.iin 
ticcs n\d.lJng iln ~bi.,ymcnt ln the aug L, ne..r h,oriiunt,11, w.s through It wen:, o 
working noor. There ar~ ,It le;1&t two nc,1.-..complett mi1Jsu>r1'-'!t on th,• we,Iem 
hillside, one dnsc to 1he ...,uth 1owcr, so qu•rrylng for mlll,tonc producthm hos 
undoubtedly o«um>d. This qunrrying of the grit is proboblv p.ully ""ponsibl< 
ror lhe grll boulder :;<Tc,, on lh< wtskm slup<"S <>( tho hill (Fig. 2). 

Cle.uanl'\! of the nonh-w,,.1 <om<'I' of lhe Interior of th• c-•stle during IQS'> 
rcv .. led n quarry In lhe .. ndslone. -rt,c bJck wall o( this qu.trTy truncnlf!S 1hc 
w""t ,.,d of th, north curL,in wall. This end of lhc wall and uny lower that may 
have Slood at the nur1h•wcst <omer h>vc thc'l'cforo ""-"' removed by qllllrrying 
nctMty. A ln,nch at the wes1ern end uf thi,, qu1my e>pnS<'d two horizon, or 
boulders. The lower''"' ha~ block; up to 50 cm ncrorss with ..-,n,\dnlll or mortar 
whlle 1hc upper loy,-r h.a,, blocks up to 20 cm across with no mort,,r. The lower 
horizon (Context 279) m.iy be •s..odo1cd with •n e<rrly phnse of destruction <>f lhc 
<AStlc while the upper horizon (Conte,1 2771 could hovr lorm,..i during the 
dlggJng or the qu.1rry 

lmrN..-dl,,tely north of the south tower, ln the cent.re of the ,wttle, .i qu.1rry 
has been exc~vatc.id in the sonds,on,c imm1.-di.1tl'ly abov~ the grit, If <'Uttlng stone 
ou1 of the ground 111 the caslle WM worthwhll~. lhcn tffl1<lving the rrody d"'8SN 
stone In the w,1lls would h.tve bt.'C'n nn even more {1ttr;,cth-•t.· proposition, The 
,vestum side of the wile would be• morn favoumMe p,.,.pect for robbing Slone 
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than elsewhere because of the ease of roHing the stones down the steep slope to 
the road. It S<>ems entirely pla.usible, therefore, that the major part of the south 
tower and the eJ'ltire length of a putative west curtain wall, could have been 
destroyed by quarrying in the post-<astle period. 

WATER SUPPLY 
The sandstones fornting the hill have a good porosity. They are, then;fon,, 

capable of storing large quantities of water. Porous sandstones with quartz 
overgrowths nre also very permeable. We can, therefore, expect a plentiful 
supply of water to a well \Vhkh intersected the water tab1e. Howeve.r, the castle 
is situated at the crest of the hill and there is a particularly steep slope on the 
western side. The ·water table 01ay, therefore, be a long way below the surface, 
pa.rticuJarly in summer. 

The welJ at C~t>t"g"'Tle Castle is situ<1ted in the best possible position within 
the walls.. It is as t'ar as it can.~ from the steep westerly slo~ and it is in a low 
topographical position between the grit ridge on which the south and east towers 
stand and the sandstone ridge carrying the north tower. It is also probably very 
deep since we are told that it took two mortths to dear out the wcJJ after the 
Welsh had filled it i11 (Taylor1986). 

MORTAR PRODUCTION 
At the end of the 1989 season a layer of stones covered part of the northern 

interior of the castle. The stones arc mostly the lOClll snndstonc but there are also 
pieces of limestone,. n lump of coal and some small pieces of a black glassy 
vesicular material wl,ich Is probably coke. At the southern end of this layer of 
stones, pieces of the conglomerate predominate. The abundance of fragments of 
mOrt.lo (Context 323) i.n this area shows that it was mixed here; lime may also 
have been produced by burning limestone with coal The coarse grained friable 
grit would have been ground up to provide aggregate for the mortar. The nearest 
source of limestone .is Hope Mountain, only a kilometre or two to tht? west (Fig. 
4). The coal may ti.we come from the Flint.shire coalfield lo the north or the 
Denbighshire coalfield to the south. 

CONCLUSIONS 
The castle was built from the sandstone and grit on which it stands. The 

principal quarry site ls on the west facing hillside north-west of the castle. Six 
distinct styles of stonC'work, (possibly indicating six diUercnt work gangs), 
suggest $elective uses of masonry styles at particular points in the castle. Coal 
and limestone may have been imported to make mortar. Redeposited boulder 
day was used to leve] the area 1-vithin the w.1lls, since a depression existed 
be-tween the grit outcrop under the south tower and the sands.tone outcrop 
underneath the north lower. The weU would have given o plentiful supply of 
w11tcr but wouJd need to have been deep. Almost all the stonework on fhe 
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\VOStcn, sldl! of the ~i;tle wa.s subsL~ucntly robbt!d. 
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APPENDIX] 

Petrographic descriptions of rode thin sections 

C3 Red sandstone. from Joose rocb below t>.ist to,,1er-. 

Fairly wcll sorted, fine grained sandstone. Gralns subangular .. subroundect 
diameter 0.1-0.2 mm. Moslly monocrystalline quartz. 3% fine grained intradasts, 
one crystal of muscovue. Some quaru. overgrowth:;. Haematite forming grainy 
rims .,.,th an irregular distribution. Porosity 25% 

g Sandstone from 54 horizon, forming dipping outcrop by path up from War 
Memorial 

\,,\reJI sorted., medium grained sand.stont.>-Grains suban.gular•rounded, 
dian1eter 0.2-0.5 mm. Grains mostly monocrystalline quartz, • few quartzite and 
occasional che:rt, trace of leucoxene.. Substantial quartz overgrowths locking 
grains together and showing euhedral outlines in pores. Occasional patches of 
limonite matrix. Porosity 15%. 

CS Pebbly sandstone, S2 hc>Jizon, from quarry on western hillside. 

Moderately sorted sand>-tone "'th subangular-rounded gxains. O.B-7 mm 
in diameter. Large clasts o.re subrounded mo1vx:rystalline quart" and quarti.ite. 
F°ine grrunc-d clJ!sts are monoaystalline quartz with a few intradasts and se,•etal 
grains of towmaline. Quartz overgrowths with euhedral fares in pores. Porosity 
20%. 

CJ CongJome¥ate, below south to,"'er. 

Large clasts up 10 8 mm diameter, rounded monoaystalline quartz and 
quartzite. One clast of ferruginous chert. Small grains from 0.2 mm diameter, 
subangula.r-subrow,ded. m-onoerystalline quartz and some quartzite. Minor 
quartz overgrowths. Traces of haematite-in pores. Porosity 20~ 

CJl Flaggy sandstone from quarry by road, 200 m south of castle. 

Fairly well sorted 6ne to medium grained sandstone. Grains subangular· 
subrounded, diameter 0.15-035 mm. Most1y monocrystalline quartz, some 
quartzite. Occasion.al spc.--cks or haematite. Traces or leuro)(ene, tounnaline and 
zircon. A 2 mm thick horizon with porosity infilled by clay. Porosity 30% 
including some s«ondary dissolution porosity. 



 

~ Loc,,;e ,..nd.ione cot,l,leon hillside south-well of c .. t~ 

Well sorted medium gr,,in<d A11dslone. Subangulru-sub rounded grains, 
diarru:•ter 0.2--0.35 mm. Monocry5tallinc quaru. whh .som~ quart2ite .\nd Ane 
gralned intrad.nt!I. Trnccs of leuco,c~nn and tourm4.llne.. Some good quartz 
overgrowt"-•· Ott.>sional P"lches up to 3 mm ocross of hacrnatil1' <ompletely 
ocdudlng po,... P<>roSlty 2511, 

~LQ Sandy Umestono,, by waU 70 m ,;outJ, ol 0>5lle 

304i\ 5ubangubr quartz g.rams wtth minor ch.lonte and foldsp.u. 70Cit. 
brownish grey micrltic uldte. S«tion through • sh.cl!, possibly a brachlopod • 
inftlk-d with h.a,,matite. 

C28 Red sandstone from mterioror front ,nil of o,cn. Context 37. 

Fairly wcll ><>rted, Rne tu mtdlum grain<.-d .. nd.sto.,.,. Submunded grains, 
diameter 0.15-0.35 mm~ monocrysto11lme quartz. Tr.ues o( lcucoxenc- and 
tourm.,Unc. H•ematil• forms smaU ~ b,.,tw,en grain<. Substantial qwrtt 
ovor-srnwths someti"""' enclosing the l\a(!MOlite. Poro!llty S'il 

~ So_nd$tone, probably lrom SI horizon, from l.uge but loose bOulder 
(Context 343) In co_stle lnterio< ..,.r north iower 

\Veil sorted, medium gr•int'd s.mdstone. Sub.tngu.lru--submundl!d groms, 
dlamcler O-l-0.S mm. M(l<,tly monoc-rystalhne qu•rt;o. SOIIW quartzite, ,...,.,. of 
Jc,urm.,line. Well de\'eloped quartz overgrowths.. Po""'ity~. 

Q!! P<bble In n-ry stony •r,-haeologlcal homon. north end of Interior ol astk-. 
Context 328. 

Moderately iorted. fine grained s.and$tOne, Gr-,dns subangutar• 
sul>rounded. Mostly monocry,talllne quort;o. !!Orne quartZJtc ond fine grained 
int-raclasts.. Tra.~ of toufffl4"tlin~ zircon. 1-eucoxenie and foldsp.u. Occasional 
ferrug1nOU$ a,nwnt, rore qu.,rtt overgrowth. Porosity 20\\. 

~ Rounded .-tone in boulder clay (Conlext 332), from trench by East Curtain 
Wall 

Phyllite: Ane grained rn<tntnorphk rock campc:,sed ol m=vite, bl()liu,, 
limonit• ;,nd qu.,rtt 
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C38c Angular stone in bouWer d.ty (Conlext 332), from tn:,nci, by East Curtain 
\Vall 

Sp.1tSC tiny quam gains in a dark fl.'<I brown ma~ may be limonite. 

APl'E1''DIX2 

Chemical Ana_l)'""5eS of SoiJs 

~ C6 C31 C37 

pH 73 7.5 7.2 7.4 

Pppm 35 30 12 35 

Mg ppm 100 75 75 so 

Kppm 50 25 50 50 

NO:i ppm <15 <15 <15 <IS 

C3S C2 C33 C32 

pH 73 5.9 73 7.4 

!'ppm 12 5 (,() 15 

Mg ppm so 100 100 100 

Kppm 100 50 so 100 

NO:ippm <13 <IS <15 <15 

Locations of samples shown in Fig. 11. 



 

FOSSll. SPIDERS 

l'rcsldential address to the Manchester Geological Association 
Febru,ry 1992 

by PAUL SELDEN 

"If you wish to Hv~ and t.hrive, let the spider nm <1U,;rt>J" as my agl.id aunt 
used to say (and probably still does). There are many legends and old wives' 
tales about spiders. They are creatures which we admire rather than despise, for 
their exquisite handiwork and general good l'nanners in helping to rid our 
habitations or pestering Oles. One •ge-<>ld story is told by the Nwajo Indians of 
the south-western USA, who a.re accomplished weavers. 1n Canyon de CheUy is 
a tall, inacre;sible pinnacle o( dune-bedded Pcnnian de Chelly Sandstone called 
Spider Rock. The story goes that a young girl disappeared one day, and when 
she reappeared had lc:.1.med the art o( weaving wh.ich she taught to the rest of the 
tribe. The squaw had been captured by the Spider Woman who lives on the top 
of the pinnacle. To this day, genuine Navajo weavings have a hole in the pattern 
.. the spider's lair• in n:wgnition of the origin of their cr.ift. 

Myths abound t'OO, where spiders are concerned. 1t is true that the male 
spider mU5t approach the female with care in order 1\0t to be mistaken for prey, 
and often • morsel of food is proffc,rc'(! to occupy her while mating occurs, If • 
swift ~it is not made afterwards, the female may attack th~ lingering male, but 
by now his job is done, and it maktS ecological and evolutionruy sense to recycle 
biomass within the species! The so·called bird•eating spiders do not realJy eat 
birds, although some large tree-dwelling species have been recorded taking baby 
hummingbirds! 

Even our common or garden spide.rs can reveal some astounding facts and 
figures. W. S. Bristowe, author of the excellent book Tiu, World of Spid<n, (Collins 
Nev.• Naturalist, now sadly out of print), estimated that the British spide.r 
population c:'0nsumes insects equivalent to the weight of the entire human 
population of these islands each year. A single a.c:re uf summer meadow in the 
south of England may pnwide homes for 2' /, million spiders, and the typical 
house probably has 2.000! 

All spiderS are carnivorous, some are catholic in their dlet, while others are 
specialized. A handsome British spider is Dystlert1, which has huge jaws 
(c-helicerae) h-ith long fangs for ~tting between the body .segments of woodlice, 
its main food soutee. All spiders have a pair of chelicerae at the front of the body, 
followed by a pair of palps (modified in the male for sperm transfer), and then 
four p.iirs of legs. Spiders have two parts to the body: the front part which beats 
the c1ppendages is ai.lled the prosoma, and the rear part whieh bears spinnerets at 
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its end is tJ\e abdomen. Poisonous fangs .ind silk-producing spinnerets are 
unique features of spiders. 

Not all spiders weave ,.-cbs. howe,,w. Silk is used in many different ways. 
The wandering wolf spiders capture prey by running after it; they use silk 
principally IO wrap lheir eggs. and females can be seen carrying the sacs attaclu,d 
to lheir abdomens on warm June days. Female spiders appear to show maternal 
mstinrts: the wolf spider mother rontinues to carry her young on hcr back even 
when hatched; and many stay with their eggs and young. warding off predators 
unbl they lea,,e the nesL Crab spiders catch insects by waiting motionl<ss for one 
lo alight on a Dower bead or leaf. when they grab the hapless cn,ature with 

• outstretched forelegs. Their similarity to crabs lies in Lh.eir habit of walking 
backwards and sideways as well as forwards, but lheir unusual ability is to be 
ramoullaged by tiking on the colour ol the Oowtt petals upon which they lie in 
wait Jumping spiders, as their name suggests, can be seen on warm walls in the 
summer. leaping on flies which alight ncarl,y. They have an enormous palr of 
eyes at the front of the prosorna which perrnit effective binocular vision for their 
acrurate jumps. 

The mos.t outstanding achievement of spiders, to human eyes. is th.ci.r 
ability to wecwe geometric orb webs. The common garden spider, Araneus 
diade-malllS, weaves the familiar sttucture with its radial lines which bold up a 
$pi.ra1 of sticky silk. Building an orb web may ta_ke hours, and spiders aTe 
metirulous in its construction, each species producing a slightly different version; 
the wob of the garden spider bas 15° angles between the radi;, for example. The 
true function of the web is not to act like a fishing net lo iangle prey, but rather it 
is the sticky spiral of silk to which the ins,ct adheres. lmportlnl too, is the 
tension of the web so that the spider ""' detect the oorrect vibrations which a.lert 
itto the presence of a prey item rather tha11, say.a predator. 

Construction of an orb web is a delight to behold. First. the spider lets out 
a line of silk wruch any slight breeze will carry across the space to be fill«! later 
by the web. Once this tightrope is estlblished, the spider walks across i~ then 
halfway back again. Now in the middle. she drops down and thus establishes a 
tmngle of silk with the future cenb,e of the om at its apex. Sides and a bottom 
line are la.id down and the spider continues by adding radii., at the angJes 
distinctive for the species. Once the radii are down. the spider begins to lay 
down a spi.ral starting from the centre and working. outwards~ being sure to 
tension each thread as she goes. That finished, the final stage is to remove the 
spiral just laid, from the outside in to the centre, and at the san,e time to lay down 
a new, sticky prey-capturing spiral All this may seem Uke a great deal of hard 
work. as indeed it is (<!$p«ially since she will take it down again the next e,•ening 
to conslruct a new one), but then the whole.survival of the.uumal depends on iL 
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Figure 1. A re.:onstrucbon of R«;.,"'l/8''" - the oldest mygalomorph spider 
from the Tria>Slc of the Vosges, France,. (Selden •nd C.llJ 19921. 

45 



 

A major question which has taxed the minds of arachnologists over the 
years has been: is du~ orb web the pinnacle of spiders· achievements, or is it, on 
the contrary, a rather simple structure from which webs v.•ilh djfferent 
architcrtu.res have been derived? The reason for this puzzle is that there ore a 
great lllilny modified orb webs. Some have a >ig-:(ag band of bright silk running 
across the centre in a line,. or the v,•eb may have a cross woven into it (the 
St. Andrews (TI)$$ spider from Australia, for example). Such 1:1 device, called a 
stabilimentum, may fund-io1\ to draw attc.nt:io11 to the web and thus prevent large 
flying creatures such as birds from crashing throu.gh the web a,id destroying iL 
Some orb h'ebS arc clon,gatcd in one direction, forming a ladder web. Others are 
horizontal, rather than the more familiar vertical ones, and have a complex 
arrangement of scaffolding above or below. Such webs may use the scaffolding 
as a bafAe which small 0ying insects hit and fall onto the orb-sheet, while others 
have stick droplets on threads hanging below the hori7.ontal orl> to trap insects 
waJkjng underneath. AH these web types could be considered speciali1..ations 
developed from the basic orb plan, Specialization may require reducing the orb; 
in some species it has been cut down to a mere tric1ngle, and perhaps the u1tim4'te 
ln rnin.imalism is the 'web' of Mastophora, the Bolas spider, which consists o( a 
single thread with a large ball of glue at the end. Th.is spider emits a chemka.1 
which mimics the phcronioncs put out by female moths to attract a mare. \Vhen a 
male moth arrives, lured by the prospect of a mare, the spider swings the ball­
and-thread round and round until it the moth gets stuck lo the glue. Ral:.her than 
the good time he was expecting, the moth becomes a juicy meal! 

Other spiders, the cribellates, use a quite different method of producing 
sticky silk. These spiders have a comb of curved bristles, called a calam.istrum, on 
the last pair of Jeg;s, with which they draw silk from the spigots across a plate 
bearing short spines (the cribcllum) situated just in front of the spinnerets. This 
'carding' process produces a woolly type of silk which insects' hairs will stick to 
readily, in just the same way as burrs slick to a ,.,•ooUy jumper. Silk of the 
common house spider Amnurobius is cnl>ellate, and has a typically bluish tinge . 
.Anraurobfos makes il silken tube in a wall or beneath bark, but some other 
aibellate spiders weave orb webs, Uloborus for example. Some Ulobams weave 
stabilimenta into their webs, and other cribellate orb .. web weavers produce 
highl)' modified webs. Hypiows makes a triangular web which is derived from 
one sector of an orb; it holds this taught between two twigs, letting it collapse 
aroW\d any insect which mes into it. Perhaps the most amazing aibelliitc orb 
web is that woven by Oeinopis. This spider is largo with long. twig-like legs. Lt 
has two enormous eyes directed forwards on the head, giving it the co1nmon 
name of Ogre-faced spider. Deinopi5 Uves in tropical Forests; at night it weaves a 
tiny but complete cribcllate orb web between its four front legs. It stretches this 
out like a cat's cradle and holds it taut until an insect approaches, when it 
collapses the web over the insect rather like the Roman retiarius gladiator w·ith 
his nel. 
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So, just as In the i\r,111e.id orb~ .... •~b wc,1vcrs, lhc- cr-lbclh,tc- form~ h,wc 
dt,vclop;."<.I tht.• orb web and then r~duccd it lo vnric,u~ rh:ver w.,y~ fo1• Np<:t"i.1li:r.1.-d 
usc:iJ .. The blK qut•:-.tion iN: did lhu orb \-veb evolve m,rny llm<.'S, in both cr1Wllntt 1 

~nd {'<:ribellotc spl.dt.•rs, or wns thcro o.tt nnccstrnl criballntl" orb-wcl:i wcavt.•r which 
gove rise to e<rlbellate orlHveb nnd non"1Jrb•w<'b Wt.•,wcn;7 Cum.mt r~t;tco11•ch 
bi.1500 on living :;pidcrs suggests the lnttcr. but l"'lnoontoloi;.y has some light to 
throw on thcs~ mall~rs as we.II. 

Fossil spiders .ue gvnl.!rnlly r,,thl.'J' rnr..: They do nvt pr~l•rvl-' wdl, ,rnd Jo 
so only under sped.al drrumstnnC{"S, Perhaps Lhc best known arc LhOtiC ft.:l'und h1 
amber; for example that o( Ollg()C()nC age lrom th(> Ballit rl.!giuu. Pt)~sll spidc1·s 
are illSo known fron, Terth1ry rock, 011 the Isle of Wight, .u,d ir1 the Cool • 
Mca~urcs. •-:cw Mc.w1.ok spiders were known until rt-ccutly, whc·n SQll'I(.' w,n,, 
disroven.od ln Cretnct!ous lithogTaphic limestones in lhc Sier1\1 de Mont5\.'C, o 
r,mgc 1n the foothllls o( the Pyrenees nc:1r Lldd~, In north•cc1s1 Sp.,ln. ih~ fossil 
founil found In limestones in old quorries in these hills was well known, ond 
contained many bcaullfully pr(Scrwd insects tmcJ plnn~. Excavations org:mi1.l"tl 
by LI.Id" Museum a fow yonrs ,,go enlisted tho help of tho Spomsh army! During 
Lhcse digs, 1Tu1ny e>;dllng iossUs were discovered, focludiJ\S fl~h, frogs, nnd even 
bird (~,1the:rs and bones, Pour spiders lumed up as well, which were sent over to 
nw for study, and Lht:!)' provtid to be qulh? cxdtin~. 

On first cxamlnntion, th" spider fossils appeared shnply as shapes in Lhc 
rock, preserved as flnkes of brown ,utkle on, or just within, the slightly 
lmnslucent fine Um~tone. A numbc.t of t1,:1Clt11Jqut..~ W<!rc uSt.-d to sec then, bcttt.~r. 
AlrohQI hn.s m;my us.:, In pala1."0ntology, and a drop on the specimen mcreru;e:­
Lhe rontrasl for Lighl microscopy; but to Sl~ very fln~ dctnils ~uch as Lhc p,1ltt'rn of 
hafrs on I he legs. or thi: spuu,erets. a reflt\f:led Ught 1nicroecopc, such ,•s llMl usi..'d 
by ore mineralogists, was employed. l.n this micrOSCQpc, lighl passes dow11 thl1 
objcctiv.:: lc"S tv b{! reAt"tt1..lCI bnr;k up the 5-ame lens., Thus, light could be brought 
tu th" sped mens at very high nmgnifkntion. btspcction o( one of the spider~ 
rovCalcd it to be ai, adult m.,lc of nn nrnneoid orl)..wcb we.wer. Evidem:c for this 
wos found in 1-he 1,ature of the bristles and claws at the tlp of t'Mch leg. Three 
claws (mt her than two) suggests a web-weaver, and sp+,'t."iallzcd eurvt:d, $1.?rmtcd 
brlst·IIJ8 Indicated nn orb•wcb weaver. 1·wo more specimens could be idcnrifi(;>\-1 4 
as belonging lo the mlHJcrn fomJly Tctr.1gr-..1thidac, also ,1r:.1ncoicl orb-web 
weavers.. 11u~ fourth .sp..--cimen wn" pcrhnpa the most interesting or illl. A C\Jrv..,-d 
C{llamistnun could clearly lx! sce.n on thr fourth leg, togt:'thcr with ti cribeUum In 
frout or the spinnerets. Addillonnl evidence fron, thtt sen.S<.wy hairs on the k,gs 
rcwalL'<I this spider to b<:long to the supcrfomily Dinopoidea, and probably the 
fnmily Vloboridae. These arc nrb,.wcb weaving crlbc.llalc$. Thcrcfol'c, both 
cribeJlate and ~rlb<!llatL• orb•wPb Wt:.IVt!Ni Wt...'T~ pre,o,enl ttarly in th~ Crclat"!ous 
(Montsec is d,:tll.-'d at Berriashrn-VaJauginiru,, around 138 milHon yc.1rs old). Thls 
dctt.:s not 8()1ve the problem of whkh came Orst, the crltx-llum/ C,i'!,l11mit,tn,1m or Lht• 
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orb web# but ii places their origins back into the Jurassic at least. 
AU but one species of 6ritish spider are araneomorphs, At,yp11s a/finis is our 

only repn.:asentative o( the myg-alomorph (or bird-eating# funnel•wc.b, trapdoor, 
tarantula) spiders. These spiders differ from arancornorphs in that their 
cheliccfi.11 fangs strike down on prey rather than clasping it in a pincer-like 
sideways movement. Somt? (the-so--caJled tarantulas) are large, but many are 
small and live in burrows; they are typical of tropical and southern hemisphere 
regions of the world. The Isle of Wight fossil spider is a mygalomorph, and a few 
have been dt;tS-Cribed from Tertiary rocks. A couple of years ago some 
rnygaloinorphs were described from Cretaceous rocks in Siberia and Mongolia. 
Then, in 1990, I spent a few days in Strasbourg working with Professor Jean­
Claude GaU, studying ten specimens of spiders from Triassic rocks there. 
Strasbourg is a pleasant city, with a fine cathedral built of Gres a Voltzia 
strndstonc, an excellent freestone. This stone is quarried in the northern Vosges, 
and many of the quarries occasionally hit clay wayboards, rat.her like those which 
are responsible for the springs in the Triassic sandstone at Ald.erley Edge. The 
claystones repr~nt shallow pools in a deltaic setting adjacent t'o the western 
margin of the Zechstein Sea. The Gres a Voltzia had long been known to produce 
exceptionally preserved fossils of plants, insects, vertebrates, and even jeUy fish 
and gelatinous strings of eggs. The ten spiders turned out to belong to a single 
species of mygalomorph spider, which we called Rosamygalo (Fig. 1). This ls the 
oldest known fossil mygalomorph, and the find more than doubled the fossil 
record of the g,oup. What was particularly interesting was that the family which 
it belongs to, the Hexathelidae, is mainly antipodean today. It suggested that the 
family, and probably many other mygaJomorphs, was widespread over the 
supercontinent Pangaea before its break-up later in the Mesozoic. 

Going back in time, fossil spiders arc known from Carbonifc.rous Coal 
Measures in Europe and North America. AU those I have seen have dearly 
se:gmented abdomens. This is a feature of the third main group of spiders alive 
today: the liphistiomorphs, represented by l.iphisHus in Malaysia. Liphistius lives 
in a silk•lined burrow with a trapdoor at the C!ntrance and is 001\siderOO to be the 
most primitive of all spiders alive today. So, the fossil record appears to mirror 
our concept of spider evolution, with the Palaeozoic forms being the most 
primitive, mygalomorphs appearing first in the Mesozoic, and araneomotphs 
arriving later. Are there any spiders older than this? 

Carboniferous terrestrial faunas contain fossils not only or spiders but also 
of other arachrt_ids in relative abu.ndance (compared to the Meso:toic for example). 
Scorpions were at their most diverse then, and another group# the lrigonotarbids, 
occur fairly frequently in some Coal Measuxe sequences. Trigonotarbjds are 
extinct, but their fossil record goes b;lck further than the Carboniferous. Our 
knowledge of the morphology of 'trigs' benefits greatly from their occurrence in 
the famed Rhynie Chert, • Lower Devonian hot-,;pring deposit in Aberdeenshire. 
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Anim,;1ls and plants preserved in the translucent chert reveal their morphology in 
three dimensions, and serial sections can be useful n.s well. Study or Rhyni~ Chert 
'trigs' showed th3t they are c.1uHt: closely related to true spiders, arid were 
important precl.ators in these early terrestrial 1..-cosystems. 

Rhynie Chert arachnids had bt.-ien known ~ince 1923 but in U,c 1980s, tri~ 
were discovered by pafaeobotanists dissolving mudstone from the Upper 
Devonian o( Gilboa., New York for weU-preserved fossil plants. A number or 
trigonotarbids were described from Gilboo1 but i.rt l989 a spidl!.r spinncn:-t wa~ 
recos:niud ornortt; Lhe th-ou.~rtd,;; of Fmg:ment-.<t of onime1l cutide iTOm thi!I depo:,it. 
This was not only the earliest fossil spider but also the oldest evidence for silk 
production by any animal. That year I worked on the fau11c-. with Professor Shear 
at Hampden-Sydney CoUege, Virginia, and we described the fossil spider from 
many more fragments whkh had the same cutide pattern as the spinneret. It 
turned out that a fragmentary animal we had described in an earlier p-apcr as a 
prob.lblc trigonot-arbid was actually the spider. What makes a spider djffer from 
,1 'trig' is the possession or spinnerets, bur otherwise they are rather closely 
relate,.i. 

The story of the fossil record of spiders does not quite end there. Jn 1990, 
Andrew Jeram, who was h'O.rk.ing here in ~lanchester on early land animals, 
discovered some interesting pieces of arthropod cuticle dissolved out of 
s-edlments just above the famous Ludlow Bone Bed at Ludlow, Shropshire. 
Fragments of fish teeth and spitu:s have been chipped out of the Ludlow Bone 
6ed on the corner of Ludford Lane opposite the Youth Hostel in Ludlow by 
generations of fossil rollcctors. n,c danger of collapse of the overhanging rock at 
this comer proi:npted the N,;1ture Conservancy Council to dean up the site and 
make it safe. Any rock removed was kept for study, and it was this 1nateria1 
which produced the animals~ One black speck turned out to be a t:rigonotarbid. 
The Ludlow Bone Bed lies on the boundary bctw""n the Ludlow ond Prfdoli 
stages of th~ Silurian peric>d. This is dated at 414 million years old, and is 16 
mi.Ilion yc3rs older than the pre\>ious)y known oldest terrestrial animals from the 
Rhynie Chert. 

Trigonotarbids, spider rclative,s, arc among the oldest known Jand animt16, • 
and we may yet find spiders in the Ludford Lane deposit as well. Man has been 
on this planet for about 2 million years, yet spiders-have been weaving webs to 
catch insects for 400 million years. Sur~ly, we should treat the spider with the 
respect she deserves! 

Paul A. Selden 
University ol Manchester 
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SEA DEFENCES ALONG THE NORTH WIRRAL COAST: 
RIVER MERSEY TO MEOLS 

by HAZEL E. Cl.ARK 

ProceS$es Common to aU Beilches 
A beach is an accumulation of unconsolidated materi.\l between the highest 

~nd Jowest levels of spring tides. The size. sorting ai'ld quantity of mate.nal 
forming lhe beach are significant factors in determining its final form. The 
gradient, height in relation to the mean sea level and resistance to erosion affect 
the rate o( coastline deveJopmenL 

Waves are the fundamental /om, operative on a beach. They are generated 
by the wind and their size is determined by the $tTength of Lhe wind and the 
distance of wan..~ over which the wind ea.n build the waves (the fetch). 

On many coastJines the dominant wave direction is obUque to the shoreline 
and Ol3teriaJ is carried obliquely up the beach, but is then moved, under the 
influence of gravity, straight down the beach by the backwash. This process is 
called longshore drift and movl$ material sideways MrOSS the beach it\ a down 
drift direction. TidaJ currents may also contribute positively or negatively to this 
process. 

Left to itself, a beach will attain a profile that is in dynamic equilibrium 
with its environmenl i.e. Jittie change is taking place - for example the amount of 
materiaJ lost through erosion is equal to the amount gained from accretion. Wa\'e 
action tends to build a profiJc which is in equilibrium. 

River Sediment Supply 

Coastal Erosion 

Longshore Gain 

Orgaruc Supply 

Offshore Supply 

BEACH 

LOSSES 

Onshore Los;; 

Longshore Loss 

Offshore Loss 

Human interference can have a marked effec1 on the beach. The bu:ilding 
of structures such as g:roynes, sea walls and revetments~ distu.rbs the natural 
moveni.ent of the beach material and may cause profound changes in their 
imu,edi.a!e vicinity. Adjoining areas may be starved of sediment which can lead 
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to the unde:rculting of the defences, aJ\d other art.>as may recei\'e an unusually 
large supply which can cause siltation producing navigatio1\a] problems. 

lntroduction to the North \'\1i.rraJ Coast 
The north Wirral roast stret·ches from Hoylake in the west to New Brighton 

in the east. Most of the land is owned by Wirral Borough Council rather than the 
Crown. The forcshor~ is an area of sand and silt~ covered hvice a d-ay by the tide 
which. ca.n tise up to 10 m from low to high v.~ter (clepending on the time of year 
and phase of the moon). It was designated a Site of Sp<:.'tial Sciei,tiAc Interest 
(SS.5.1.) by the Nature Conservancy Council boo,usc of the 1nigraHng and winter 
feeding birds. 

The coast faces squarely into the prevailing north-westerly winds, exposed 
to 240km of open sea from Ireland which allows large waves to bwld up (Fig. ll. 
During storm conditions wave heights exceeding 6 m are common and, when 
combiru?d with spring tidal maxima or 10 m, can cause severe erosion along the 
ronsL As a result, the design, construction and maintenance of all the marine 
coa,,"tal structures are closely governed by the ambient site conditions. 

History 
Inland, the soft alluvial sediments at the northern end of the Wirral 

Peninsula were once protected from inundation by a continuous system of coastal 
dunes between Hoylake and Wallasey. On the coast the main currents cause a 
lon(;Shore drift of sand and mud from west to easL By the end of the eighteenth 
century, a deficiency in the sediment supply meant that encroachme.nt by the sea 
was a real threat and a breach in the dunes was imminent. Such a breach would 
have caused flooding of the adjacent low-lying land and could have created a 
new outlet for the Ri,•er Me=y, s<Mting between Birkenhead and Wallasey and 
proceeding via the WaJ!asey Pool along the low ground towards Leasowe. 

In 1794 an attempt was made to halt the erosion by forming a sloping wall 
along the seaward lace of the dunes. This was only sureessful in the short ~ 
and erosion resumed. The Lh•erpool Corporation presented the \•Valtasey 
Embankment Bill to Parliament in 1829:-

"For the purpose of preventing further 
encroachment of the sea and injwy to arise 
therefrom to the contiguous lowlands and 
Port of Liverpool." 

As a result a permanent com.mission was made responsible for the 
construction and maintenance of a sea defence structure now kn0\.'\-'ll as the Old 
Embankment along 2.65km of the most vulnerable stretch of the Waltasey roast• 
line. After serious erosion around the 0anks of the Old Embankment an Act of 
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Parliament in 1894 extended the works to cover 3.6km of shore - the New 
Embankment. 

The enclosure of the Wallasey Pool by llw Birkenhead Dock System 
between 1840 and 1860 reduced the risk o( the River Mer$ey flow being diverlcd. 
The functional emphasis of .my coastaJ works was then shifted from maintaining 
the ""',jlJ<ltiOn into the Port of Liverpool to protecting life and property. 

Today, some eighteen square kilometres of the northern e.1"1d of the 
peninsula Me below the leveJ of the highest tide (Fig. 2) and the coastal dun(.>$ cu~ 
now low, rd,11tivcly di.:,oontinuoU!t and rie~trict-cd to the co.-,.:Jtol nre..-,, 

In 1981 the replacement cost of property within a threatened area just I 12m 
wide at Harrison Drive was £2..55 million. It is, therefore, not surprising th:it 
most of the Wirral roastline has been ·protected' and that it is an area for pioneer 
work ill coa.stal defence. 

A brief swmnary of the history of lhe coastal protection works is given 
belO\'•'· 

End of 18tb Century. A decrease u, the supply of sediment caused erosion of the 
dunes and encroachment by the sea. A breach in the dunes could lead 
to the flow of the River Mersey being diverted through the Wallasey 
Poof towards L&isowe. 

1794 Sloping wall along seaward face of dunes to prevent erosion - only 
successful in the short temi. 

1829 Liverpool Corporation presented the Wallascy Embankment bill before 
Parliament. Permanent commission responsible for the construction 
and mainten:mce established; 'Old Emban.kment at Walla.sey' built. 

1840-60 Enclosure of Wallasey Pool by Birkenhead Dock System. 

1859-90 Mersey River Wall• Seacombc Ferry to New Brighton Marine Lake. 

1897 New WaJJasey Embankment. 

1897-99 Sea wall between Meols and Stanley Road (Kings Gap). 

1911-57 Crosby Channel retaining walls built. 

1922·23 Leasowe Revetment• Coastguard Station to Leasowe Bay. 
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1931-39 Kings Parade L.,nd rcdamation !l<'heme. Work halted by outbrB>k of 
World War II. 'Temporary' link w,,11 construded to meet Leasowe 
Revctmcnl 

1950-s Wooden groyncs constructed in front of Kings Parad,. 

The Sea Defences 
A ,,;de variet.v of coastal defences have b....~ used on the \1VirraL A walk 

from Ne\,' Brighton .. M.:ttinc Lake in the cast to Moots at lhc western t!nd of the 
Wallasey Embankment will provide a spectrum of attempted solutions to an age 
old problem. 

R;ver Me~y Wall 
111is 41\m of wall. sm.-tching from Scarombe Ferry to New Brighton Marine 

uke, was bulit between 1859 and 1890. It is mn,posed of mass concrete faa,d 
with 0.6mJ sandstone blocks. This ,,•all i5 stiJl in reasonable condition but 
requires annual maintenance involving pressure grouting and guniting_ Most of 
the toe of the wall is protected by sand but certain areas have sho,,m erosion 
which could reduce the waifs foundation stability. 

Kings Parade 
Covering the 2.36km from the ~farlne Lake to the Coastguard Station at 

Harrison Drive* ll,ere is a substantial mass concrete construction which stands 
about 12m above present beach levcl. It was built between 1931 and 1939, some 
lOOm seawards of the existing shoreline as part of a large reclamation project. 
Tile intervening land, once-the upper beach, ,vas recovered for a promenade and 
reaeation purposes. 11,e wall is protected by a sheet steel pile loe Sm deep, but 
the vertical, slightly curved prom, fonns a perfect wave reflecting surfa<e which 
encourages erosion at the base. To minimise this effect a series of se,,C'!n wooden 
groynes were erected in the 1950's to nourish the b<>ach by slm-'ing the longshore 
drift. They were sucre,,,-ful for a number of years until they "·ere damaged by 
stonns in the earJy 1970's. 

Al Kings Parade the beach is oomplet.ely coven,,:! at high "'at<,r. The wall 
has replaced the upper be.1ch where wave energy could have been dissipated, so 
the wave-s, still in deep water and having most of their energy, break against the 
watt and cause serious erosion of the beach at the base of the ,van. The wall 
provides the only protect.ion for land and property and as a ,:onsequenre, there 
have to be social, ethical and financial aspects to any solution. 

Al firs'! a concrete skirt lo the wall was proposed. This would have been 
expensive and could only be a tempc>rary measure when the rate of undercutting 
is considered. Additionally a concrete skirt could not pre,•cnt longshore drift. 
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The sec:orul (and accepted) suggestion was ta build a series of offshore 
breakwaters. 

Ki11g, Pande Bre.tkw.lters 
The breakwaters are designed to alter currents and encour.igt> .sand 

deposition. Their orientation, position and shape are cakulated to intercept the 
predominant wave train patterns and each breakwater-is d.esi-gned to interact 
with the preceding and succeeding structure whilst retaining its integrity (Fig. 3). 
The breakw·aters do not form a continuous banier., allowing the beach to remain 
open for lcisure pwsuils. 

The breakwaters, constructed between 1983 and 1985. are composed or 
inter!ocl:ing precast CO<lO\.>te uruts overlying a skirt of armour stone and bedstone 
rip rap. Wave energy is dissipated by percolation through the breakwater rather 
than the energy being reflected away, tllus reducing scour. Additionally, as the 
CU1Tent slows on passing through the blocks, sediment is deposited in the Ire of 
the structure. Also the offshore dissipation of energy helps to reduce run-up and 
overtopping of the sea ,,,all 

The 'reef" blocks used as the higher level components of the offshore 
breakwaters are more eloogate and vertical than the 'diode' blocks used dose to 
shore. Their faCES are oriented nonnal to the prevailing wave train arul present 
an upstanding frontage lo the passage or major waves. They also have a higher 
angle of rt'J'O'"', so decreasing the base width height ratio. This means that less 
material is needed for construction and the costs are reduced. 

The breakwaters now provide a 'rocky shore' habitlll for mruinc life and 
island sanctuaries for roosting birds. 

Kings Puade • Le.asowe Revetment I.ink Wall 
Further planned constTU(tiQn ol the Kings Parade Sea Wall had to be 

deferred due to the outbreak of Wodd War IL The temporary termination. the 
return (link) wall erected near Harrison Drive, became a permanent coastal 
feature. To the west almost 2km of concrete re,~etmenl had previously been 
constructro in the 1920's to protect the eroding sand lulls near Leasowc. 

In the late 1970's • study of the environs of the link wall showed that tidal 
currents were deOected offshore, the pre.,ailing wave activity was reflected by 
the vertic.11 link ,,,all and the wave ene,gy effectively locussed onto the adjacent 
amenity beach. 1bis had the effect of increasing wave height and run-up. and 
genernting wave induced cu.rrents in a general offshore direct.ion causing erosion. 

lt was thought that if the energy of wa,•es rould be dissipated al the link 
wall prior lo any rcl'krtion, instead of later across the foreshore. bead\ levels 
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Laying pattern using 'T' shaped units 

Flgure 4. Precaot concrete Diode Blocks. 
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would increase and "rater depth would be reduced during auy tide~ A localized 
reduction in v,,rave induced cu.rtenL'S would reduce the t:ransport.,tion of disturbed 
sediment out of the area. 

The benefits of wave dissipation at the liJ\.k wall were established and 
investigations were carried out to obtain the most cost effective and acceptable 
method. lt was decided that a sloped surface of either natumJ armour stone or 
precast concrete blocks would be used. 

Armour stone requires a gradient no steeper than I in 6 to adequately 
dissipate the wave eti(.>:rgy and remain stable. Conc.idcra.ble qu:i.ntitics of stone 
are required and large areas of beach are ·sterili.z.ed'. Very few local quarries were 
willing or able to blast and supply stone of a suitable size and quality. Possible 
costs were also increased by the simultaneous demand from the ASS coast road 
construction in North Wales. 

Compared with the armour stone estimate of £1,700 per metre, the cost of a 
steeper (l in 1.9) precast concrete block slope was cheaper at £1,500 per metre and 
could be cast on site. 

The precast diodes are a development of cob (hollow cube) unils used for 
the St. Helie,-breakwater on Je~y. They comprise a basic perforated cube with 
internal crossed solid diaphragms. The diode causes the \\•ave to break and 
dissipate its energy within the block system; thus wave reflection and consequent 
scour is minimised. The dimensions of the blocks have to meet the overaU 
porosity and freedom of flow criteria while at the same time inhibiting potentially 
fatal childrens' advcntu.res. 

Two tyJ'<'S of block are us,.-d, primary and secondary units, which interlock 
into an octagonal grid pattern that avoids common faces between the units 
(Fig. 4). 

The diode rt\'ehnent was completed in November, 1982. In the winter 
storms of 1983 it was noted that, although spray overtopped the blocks, incident 
waves hardly rose above their breaking crest heights and refle-ctlon was 
considerably reduced. The diode's performance has resulted in limited wave 
run-up and encouraged beach ac:x:retion and reduced water depth. 

Leasowe 81,y 
Leasowe Bay is not a natural feature but has developed as a direct 

consequenre of sea defence construction on either side (Leasowe Revetment to 
the east and Wallasey Embankment to the west) on land owned by the local 
authority, wbile the land in the centre, owned by Leasowe Goll Club, was only 
defended by sand dunes. Between 1893 and 1953 there was 85m of erosion of the 
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natural dune frontage. 

Since 1950 the Coif Oub has be,.>n concerned with the stabilization of the 
sand dunes to avoid ,-.ind blown sand on the cou~~ and to maintain the sea 
defea<:e. Rubbl• •nd clay were tipped to overlay the dune sand but this led to 
public objection. Between t9n and 1978 further attempts were made to h.1l1 
erosion by laying a day slop.-. After the work completed, it suffored serious 
damage m the 1978/79 winier storms. 

By 1975, because oi the erosion that had been developing over the prc.-viQus 
h ... •enty years~ it was realis,ed that if the beaches ,~--ere-not st11:bili7.ed the new 
defences under constructfon would rapidly deteriorate. The traditional approc1ch 
of using groynes had been unsuccessful at Kings Parade. 5(1 ii was agr-1 that a 
"''"'' substantial selectively located structure would be more appropriate. As 
the eastern extremity of the Wallasry Emoonkmenl, on the west side of the bay, 
was showing increased loc~1J erosion it wns chosen as a test site. It was decided to 
investigate the concept of a detacht'd breakwater lo control beach l•vels, and 
under test conditions it was found that a 200m long structure ,, .. ould l'\."<luce 
energy levels by 60% and protect over 400m of coastline. 

The first breakwater was not designed to resist erosion directly but to 
exploit the distn1>ulion of wa,,., energy. It is dog bone shaped in plan and 
comp<,;ed of rock, lying some 150m off the western headland of Lea.o,w Bay, 
just in front of the damaged embankment (Fig. 5). The theory behlnd the 
breakwater concept comes from observing the behaviour of 'soft' coastlines which 
tend to wash away until hard spots are exp<,;ed. As a gener.u rule, these hard 
spots encourage the formation of stable b.,y regime and reduce further erosion 
because beach accretion occurs in their lee. Thus Wallasey's offshore breakwater 
is an attempt to form such a hard spol by artificial means and ditt<.1 "''"'' en~ 
,,way from the end of the existing embankment by building up the beach. The 
performance of detached bm1kwalers is controlled by their length and distance 
offshore., and they can protect a stretch or shoreline up to four times their O\.,,, 

length. 

Since the construction of this fi.rst b.reakwate:r, beach levels have b~n 
raised over a length of 600m extending east and west from the centre of the 
breakwater. Bead, levels increased up to 1 .Sm during the first "'" years after 
constructmn. 

A second, detached breakwater is located on the dohTidrih. eastern,. side of 
the bay. The bay itself acts as a reservoir pushing tidal flow past the western 
extremity of the Leasowe Revetment~ This flow used to be enhanced by wave 
action in the bay, which coupled with a wave-induced current., resulted in 
scouring of the sand from the beach. This exp<,;ed the Re\fetment foundations, 
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and thtS caused p,.uticularty e.xtensh·~ d..im,1ge, to the oomcr o( the Rt•v\-'tmcnt. 
Thus It was n..-<es<ary 10 eH....:tiVely re-,align the wO\c "rl""°"h IO the ReveunenL 

Tha.s re-alignment is ochiev.._'t1 by ._, bn•~,kwatt?r~ nlso dog hon..-tn shape. 
which is connected to the shore by • rocklill link d~gned to modcly nood 
po.ti~ artcr the bn:-al-wa.ter h.-...<t 1-1li...11 lh-.- m,uil (,nee o( \\'A\C cncri;,y. I( it \\~re 
not fot the link. a current parallel co che shore could have " marked scouring 
cffoct. 

In February, 1983 • ·once in filty ye•r'" udc level wns caused by stom, 
conditions. As a result both bre.'lkwatcn. sustained mmor dllmnge but thts 
required only thr« days to repoir. 

The breal.wat(•rs ha\"(> been a SUl.'Ct'SS and have nsultOO in the d<.'\•clopmt:nt 
of• sandy shore which n.'!'laces the •II~ mud ond gem_.,•I dd,,is from m.tkcslufi 
n\CtUures: along a pn\·ate frontage. The cost effectiveness o( the mcasun.-s can ~ 
judged by romporlng equ.'ll length> ol COol,tllne protected I 19?9 prices). 

Conventional sea wall design unit ('()4t 

including fillmg ond p.wing to IAndward 
profile 

l..ea,sowe &y Brc.,kwatc-n, and ancillary 
worics 

Wallo.sey Emb•nkm•nt 

0,300 per metre 

£1,855 per metn, 

First constructed !M!tween 1829 (Old) ond 1897 (New), the Embankment 
undt._'f\\"eflt major reamstruction bel\\/'een 1974 and 1983 .1nd now CO\>Crs ~-6.km o( 
the foreshore, from l.e.'-<O"'• e.,y to Meots. 

The basic form of the Old Emmnkmcnt is a bank or imliJ!enous mal<>ri•I 
hinting a shallow seawnrds slope. covered by an impermeable facing 1'he core 
comprises mainly s.,nd, sllL clny and pe•t, usu.oily the notur.tl materi.11, trimmed 
10 • «'gular pr'Oflle (belwNm I in 4 and I in 8) with any deficiency m.tdc up from 
the IM!ach motl'l'inl 

The t1ngmal f.u:Ulg was a 0,6m layer ol IOClll clay. Th,s was Inter prQteC!ed 
from erosion by an om,our toyer of interlocking sandstone blocks (0.2 • 0.4m 
<quivalcnt cub,..'S) up to the highest tide level, and cobble$ In the sw,,sh "°"" 
abovt'. The blocks 1Yithin the tidal >.one tapered into the embankmt>nt and are 
tooled on the butting I=,. so -.. to inh."rlock. Some of this mosonry was still 
funcnonnl a.I the time of n."\.-onstrucnon. some on<; hundred and forty ye~ns after it 
wos built 
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Durmg the life of the emb.tnl.men1, major changes in the conllgurafion of 
the sandbanks between the Dee and Me,scy estuaries ha,·e occurred. 

The principal ch.-lnge has been the migration o( the Rock Ov.nncl entrance 
eastwards due to be.\ch movemfflts, influenced by the construction ol the Crosby 
ChaMei training banks l:,eh-.·t."en 1911 and 1957. 

The resulting beach erosion caused progressive failure of the toe and 
facing, tbrealening a sloping apron of stone blocks. Later, concrete was added in 
front of the toe to reduce scour. Beach erosion was combated by the ex.tensive 
use of groynes made of inter-wovl11 bundles of c:hcny tree branches. 

The increased depth of water over the lowered foreshore has allowed 
larger waves to reach the embankmenL To reduce the danger of overtopping a 
raised crest was added to the original embankment. More recently, in an attempt 
to eliminate ovenopping totally, a wave return wall ha!. been dee,ru,d neres.sary. 

Throughout the period 1829 to 1963 a gang ol men were continuously 
e:mplO)'ed in the construction and maint-ena.nce of the emban.kmenL Records 
show that from 1870 concrete was used increaslngly in.stead of sandstone t,Jocks 
as the mJ1terial paving the struchm,. In 19-11 a concrete cellular construction was 
adopted. The necwork of cells, approximately 4m square, was able to limit the 
extent of wa.sbou~ in the ~cnt of failure, to i\n area that it. '-"'"aS possible to repair 
in one tidal cyde. 

Aller tbe County Borough of Wallasey assumed responsibility for the 
embankment in 1962, the escalation of routine maintenance rosts prompted a 
detailed engineering insp«tion of !he structure. Acceleration ol failure or the 
facing \\"aS revealed~ and as a result, major n.-construction began in 1972. 

It was considered imperative to minim.ise the erosion af the toe ()f the 
embankmenL The solution adopted was to pro,ide a reinforced concrete 'beam· 
along. the approximate line of the original toe wall in order IO provide a 
,-,,botantial footing for the new facing. The le-·el of the top of the toe beam was 
fixed so as to allow adequate formation drainage. rD< to six metres se.tward o( 

the toe beam is a continuous runain of sheet piling. penetrating for a minimum of 
0.6m into the till underlying the !,each. The toe l>eam and sheet piling are 
connected by a rcinlorced concrete apron sLlb with an >verage slope o( I in 4. By 
maintaining this slope (which is similar to that of a natural storm beachl,scouron 
the foreshore is minimls<!d so long as the sheet piles remain l>elow beach le\•el. 
Thus the sheet piHng, apron and toe beam (unction as a composite unit of 
relatively rigid construction sen>ing to retain the foot of the embankrnenL 

The facing of the embankmenl utilizes a modified cellular ,trurtun,. usjng 
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precast concr~te cut-off walls and in situ mass conc~te mfiJJ panels designed to 
remain in place on a gravity basis. The weight of these panels is such that the 
mass of the fragments expected even after faUure wouJd be great enough to 
inht'bit their movement by the tide. 

The life of a concrete structure is dependent upon lhe quality of the 
concrete. Usually, the most severe physical conditions to which concrete is 
normally exposed, in the marine environment, are those involving wetting and 
drying. However, along the coastline of North Wales and tl,e Wirral, abrasion is 
considered to be the principal cause of deterioration. The life of a structure 
exposed to wa"e action is closely governed by the detailing on the concrete, 
especially on the exposed edges and joints where the shock compression of 
entrapped air can cause spalling. and may lead to the early disruption of the 
concrete. To reduce this vulnerability. in the reconstruction, all significant 
exposed edges and joints are radiused. Away from the slab edges a ripple finish 
has been applied by hand tamping to provide a safer walking surface and also 
reduce the boundary layer run-off velocity, thus limiting beach scour of the toe of 
the embankmenL 

The design is completed by an upper wave return wall and the 
establishment of an access road for maintenance vehkles along the crest, and 
slipway access to the facing. Aesthetically, the long curved sweep of the 
embankment, -..;th its g,,ntly sloping profile merging into the wide expanse of 
sand lying exposed at low water, limits angular intn,sion inl<> the landscape. 

The Effects of the Coastal Defences on Leisure and Co=ation 
The primary function of the defences requires that they are substantial 

constructions. However, the variety of structures and the preservation of the 
i.rreguLlr alignment of the coast helps to offset any detrimental effects of the hard 
structures. 

Beach levels have risen substantially in some areas (viz Leasowe Bay, 
Leasowe Revetment and New Brighton) and thus provide large expanses of dean 
sand. 

The combination of the permanent defences and beach accumulation have 
helped to improve the amenity, recreational and conservation value c,f the coast. 
attracting both visitors and wildfowi. The offshore break\\1-at-ers have become 
,•aluablc roosting sit.es for wading birds. 

PlanHng of Couch grass, Marram grass and Sea Lyme have helped to 
stabilise the sand dunes. 

The primary aim and fina.ndal justification for protection works is to 
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protect the coast from erosion and flooding which could lhrcaten life and 
property. Much of the pioneering work on the Wirral defences ·will fi11d 
application elsewhere lhtoughout the United Kingdom. 

It is recognised lhat no sea defonces can be permanent. However, tht> 
principles of design and construction ultimately developed and proved for the 
Wirral Coast may hclp to pYovidc viable alteu,ativcs when approaching the 
problem of a new se~ defence. • 
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APPENDIX 

Hazel E. Oari< 
Liverpool John Mo0res 
Univer.,ity 

• Hislory of the North Wirral CoasbJ .Proltttion \Vor-ks 

• 

Initially the soft aUuvia1 .sediments forming the interior of the Wirral 
Peninsula were pro1ected by continuous coastal dune system. 

End of the 18th Century. Ad..,,...... io the supply of sediment cau.sed erosion of 
the dunes and encroaclunent of the sea. A breach io the dunes could 
lead to the now of tbe River Mersey being diverted through the 
Wallasey Pool towards Leas()we. 

Im Sloping wall along seawa,d r~ce of dunes to prevent erosion - only 
suo:essful in theohort term. 

1829 Liverpool Corporation presented the \'Vallasey Embankment Bill before 
Parl.i.;un<>nL Pc.rm.anent commission responsible fot the construction 
and rnamlenance established; 'Old Embankment at Wallasey' built. 

164().60 Enclo,;ure of Wallasey Pool by Birl<enhead Dock System. 

1859-90 Mersey River Wall• Seacombc Ferry to New Bright Marine Lake. 

169'7 New WaOasey EmbankmenL 

189'7·99 Sea wall between Meols and Stanley Road (Kings Gap). 

1911-57 Crooby Chtnnel retaining walls built. 

1922-23 J..easowe Re,·etment • Coastguard St>tion to l..easowe Boy. 

1931-39 Klngs l'arade Land reclamation scheme. Work halted by outbreak of 
World War ll. "Temporary~ I.ink wall constructed to ntc-et LeaSO\\'t? 
R1Netment. 
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1950's Wooden gn,ynes constructed in front of Kings Parade. 

1972-83 Reconstruction of Wa14'sey EmbankmenL 

1977 • 83 Replacement o( Lea_sowe ReveimenL 

1979-82 Leasowe Bay Breakwaters. 

1982 Kings Parade• Lcasowe Rewtment Diode Unk Wall. 

1983-85 Kings Parade Breakwaters. 
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A MINE, A l'UB AND SOME GOLD 

Llst August the 'Guardian' reported the discovery of gold in the Temple 
Mine, Matlock Bath, Derbyshire. The Mine is• part of the Peak District Mining 
Museum and Dr. Lynne Willies, Project Leader for the Museum. sent the 
following acrounl 10 the North West<M>logist • 

"The gold discovery results from re-opening of a small drive oul of 
the on_'-bearing dolomitised limestoru, into the Matlock Lowe, lava 
The la,·a and overlying limestone dip oorthwardly towards the entry 
to the drive, so that the tunnel gets ptogrc:.-sivcly deep('r in the 
"toadstone·. lbe location is goologicaUy an anleresting on<.>. since it is 
one of the few in the area where the contact of the slaggy top of the 
lav-a with the overlying limestone c-an be clearly seen without 
diffi<:ulty. The top of the "toadstone· is a half metre or so of a ,•ery 
soft day" ,,-ealhered from an ash.f'all ,,•hich seems to ha"•e terminated 
the ,-okanic activity, ,,ith (below iO weathered lava, suffmng from 
exfoliation. This part is ,·ery ea$1l)' excavated, but during mining 
must have been a problem. since the so~ clay ads like .-hpaste in a 
lube. and squee,:es out bocause of overlying pres1'Ure. Subs,,quently 
the benthonitic mate.rial has expanded from oontat..'"t with air and 
water. the resuJt being a passage .. until it was cleared out~ almost 
wholly filled with a most tenacious clay-sludge.. 

At about two metres depth the lava is fairly unaltered, and very hard, 
causing a pick to "ring" and rapidly become blunL The lava. projected 
from ils dip and outcrop, may be sorru, 100 metres thick. though it 
,,.ties rnpidly over quilt' short dist:>nces: he,;, only a few .,,_ of the 
th1c.kness are visible, and has amygc:lales of calcite visible throughout 
the slaggy-top. Within the day and pamally altm,d basalt, crystals of 
pyrite are just visible, but most has weathered, and this reaction, with 
abundant lime present, has led lo production oJ gypsum in small 
crystals, and to iron staining. 

\\lhy the tunnel was driven is not dear, since it passes under the 
mineralised horizon which largely ocro,s just above the lava. It may 
ha,,.. been to just petk'trale the la,.., far enough to allow a raise to be 
dri,1en up. to make it easier to get the steeply-dipping ore-body 
ab<we; or it may have hoped to get below the lava, since at least one 
mill<'. the famous Milldose Mine al Darley Dale, found a huge OTl"­

body in the 1930s at a similar strati!,.,.phic level In either case, like 
many other-similar starts, it \'\ra5 soon abandoned". 

Dr. Willies and her colleagues took samples of the weathered lava and sent 
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them to Or. Richard Ineson at the Deportment of Earth Sciences. Sheffield 
Unive,sity. His tes5 found gold and the results wett confirmed by the Assay 
Offic~ in Shel:lield. Dr. Ineson beli~es it may represent a micro-nugget, held 
perhaps m the weathered-to-day material rathe,-than in pyrite. 

Finds ol native gold ho,·e been reported from other Derbyshire localities­
for example. in lava/limestone contacts nc.,, BakeweU and in the old Ible Sill 
dolerite quarry ofl the Via Gellia. But the most notorious case concerned the 
Lathla11 Gold Mine of 1854-1856 (Grigor·T•~~or 19721. A te,-el .,..,, driven inio a 
le.1d rake behveen Over Haddon ond Conkshury Bndge and found (ii was 
claimed) gold in decomposed lava. Samples wcre subnuttcd to se,•eral assayers; 
some confirmed that gold was present, others could find none. Mowevcr. lhe • 
O,·er Haddon Gold and Silvor Mine was launched with a cap,llll ol G.000, and 
the 1Jerby Rq,orter' wrote of a "Californian gold-digging mani.'l raging in the 
north of Oerbyshi"'"· But the Vl!nture did not last lof1!l, Critics pointed out that 
the chief sh.ueholder was M,. T. Burgoyne of Eyam, late gamekeeper to the 
Duke of Oevonshi~ who had moved '-from dealing in rabbits to dealing in 
mining shares". Mr. Burgoyne and Mr. William Wood (also of Eyan,) tespond<><l 
indignantly to their critics, but appear to ha,·e so.Id out at a profit before the 
projed was finally abandoned in April 1856. 

Writing in 1964 Foni and Satjeant col1duded that in Dert,yshire native gold 
"has not been ronrumed by any modc,n won. although ii may occur in pyrite or 
as a rolloldal impurity in caldte el<'Olera•. So the Temple Min<> is indeed • first. 
Tho mine is open to visitors "'"'Y day exrept CJuistmas Day, but opening times 
are naturally limited in the winter. Sp;,cial visits with• geological llavour can be 
arranged. 

Hopeful prospectors may like to note that the tufl and lava exposed in the 
·Mine is the Ma.Uock Lower Lava.. This can also be seen to the south-,,·e=st. behind 
the P!g O' Lead Inn at Bonsall. Here some 2 metre< of lava are visible in the pub's 
car park; abo,-e this is the Old Basalt Quarry whe<e another 9 mei....s of lava are 
surmounted by 21/? m<lreS of tuff/toadstone day under limestone. Th.e lbl< 
dolerite quarry is not far away eithe< • but take a tna<'h<t<! to back a way through 
the jungle! 
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THc BRITISH GEOLOGICAL SURVEY AT WORK 

North-West England and Midb.nds 
Mr. T. J. Charsley. Regional C~o1og1!;-t for the area s-0u1h and east of 

Cumbria has provided the foUO\"o'lng summary o( work in progress: 

The Garstang Memoir was published in 1992 to accompany the recently 
pvblfohcd solid .md drift gcoJogic..:.il maps (BGS Sheet 67). Ficld -surveying on tht­
adjoining Lancaster Map (BCS Shee! 59) has come to an end and work is on hand 
to produce the 1:50 000 geological map and memoir. One further borehole is to 
be driUed to help clarify the lithostratigraphy and biostratigraphy of Namurian 
strata of Chokerian (H 1) to Kinderscoutian (R1) age beneath th• la,ge drift· 
co\·ered western p11rt of the sheet. 

The year has seen the compJetion of three separ-ate urban geological 
mapping projectil jointly funded by BCS and the Department of the Environment. 
Reports and ,ccompanying thematic maps at 1:25 000 are available for Stoke-on­
Trent and the Black Country; the report for Leeds will follow early in 1993. 

Standard geological maps at 1:50 000 for Stoke-on-Trent and Coventry 
(BCS Sheet 169) are being draf~. and the memoirs are in preparation. Field 
surveys continue for the Wakefield (BGS Sheet 78). Birmingham (BCS She<!t 168) 
and Nottingham (BGS Sheet 126) maps. 

Lake District and Cumbria 
In the Lake District, mapping of the LO\',•er Palaeozoic strata on the 

Cockermouth (23) sheet has been completed and fieldwork on the Amblcside (38) 
sh,..,. is at an advanced stage. Structural studies of the shales and greywackes of 
the Skiddaw Group have refined the understarullng of the deformational histor;s 
the early episode of major slump folding identified previously now appears to 
ha,•c been followed by a period of upright folding that has b<,en subSe<)uently 
modified by south-directed thrusting. Stratigraphical interpretations of the 
E)'COII and Borrowda.1'" Volcanic groups have confirmed that they have similar 
evo)utionaJ histories and support the reinterpretation of biostratigraphical 
evidence in favour of their roe,,.1 eruption. Detailed geochemical profiling of the 
lava sequences has revealed a complex history of eruption from magma chambers 
which, although linked in lhe sa01e geotectonic setting, had individual 
de\·elopment p,,ths within the crust. Mapping of the eruptive products, a joint 
study wit.h the Uni\!erSity of Liverpool1 further suggests that more than one 
original caldern may have contributed to the volcanic assemblage. 
Vokanotectrmic faults that controlled the eruption pattern may also bilVe 

influenced the subsequent fault control of the West Cumbrtan Permo­
Carboniferous basins, 
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lnve5tigations funded by UK Nirex ltd in the Sellafield area have 
aro,l.,..•ted progress on finalhing the resurwy of the Maryport (22) and Cosforth 
(37) sheeis. The result$ of these mvestigatJOns are bemg inlegraled with new 
geophysical data lo produce a three-dimensional gc'Ological model of the area. 
The geologic,! maps, and thematic maps al I~ 000 designed lo meet anticipated 
future requirements o{ the continuing geological investigations~ are being 
digitally produced. 

In the West Cumbria project, funded by DOE, evaluation of existing 
grologi<al records and mine plans has enabled solid and drift maps of the Co.,! 
Measures and Lower Carboniferous '"")Uences to be compiled at 1:10 000 and 
1:25 000 in more det,.il than was possible during the previous swwy almost 60 • 
year,; •go. lnematic maps illustrating aspects of particular importance for land-
use planning and development. such as ground stability~ location of material 
n!Sow<es, and distribution of made and dislurbed ground, are in preparation. 
The cored boreholes through the poo<ly exposed Jurassic oullicr we5t of Culisle 
have been studled in cooperation with British Gypsum Ud. The Penarth Group 
O.te Triassic), proved for the first time in lhis area, is succeeded confonnably by 
the Lias Group~ comprising roe.ks of Lltesl Triassic and early Jurassic age 
(Hettangian and early Smemurian). This new borehole information neQ!SSilates 
r..-ision of the map of the Jur.,ssk outlier, last susvoyed in the 1920s. 

(Sowtt; Annual Report o{ the British Geological Swvcy, 1990-91). 

Wales 
Dr. Dick Wateis, Officer in Charge. Regional Office fO< Wales, wr:iles: 

The mapping of the 1:50 000 sheel 1n (Aberneron) w•s completed this 
year. II compris"5 the final part of a mapping transect, across the Ordo,'ician and 
Silurian basinal and distal shelf sequences of central Wale$, init.ited in 1986 as 
the first phase of the Central Wales Rapid Mapping Programme. The other h,·o 
sheets forming the transect, 178 (Uanilar) and 179 (Rhayader) are in press and 
will both be publlsh«I as h,·o editions, solid and drifL Se,·eraJ aspects of the 
results of this "'Ork have ~ntly been published in a Welsh Basin thematic issue 
of the Geologial Magazine (Vol. 129, No. 5). A fuJJ account of the geology of the 
trans«t is to be published •• a join1 memoir covering sheets 178 and 179. As a 
Wilf of investigating the deep structure of mid-Wales in the vicinity of the 
transect, a seismic refraction sum,y was undertaken this year between Builth 
Wells and Cardigan Bay. The western end of the survey line was shot al sea, 
using an air-gun array on the NERC resean:h vessel RRS Charles Dar\vin. 
Although the n,su1ts of this survey are still being processed, preliminary findings 
indicate a major £au It cutting basemen, near the basin ma.rgin. 

The 1:5() 000 sheet 20'1 (St Davids) was published lhls year as a single, solid 

n 
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\vith drift edition. Forming part oi the Survey's Provisional Series the. solid 
geology is based on published and unpublished mapping from BGS and other 
sources, wlu1st the drift geology is largely the result of an air photograph iJlter­
pretation. Other maps in this series currently in press, are sheet 120 (Conven). 
due to be published in 199..l, and sheet 121 (Wrexham). 

Maps formfng pa,t of the normal 1:50 000 series and currently in press, 
include sheets 108 (Flint), 119 (Snowdon), 165 (Montgomery), 149 (Cadair Idris) 
and 133 (Bardsey). The south-eastern part of sheet 149 and the whole of sheet 133 
were mapped by Aberystwyth and Cardiff Universities respectively, under 
contract to NERC as part of the BGS/ Ac:adernic Mapping Committee programme. 

The 1:250 000 bilin1,>ual map of Wales has unfortunately been delayed in 
press and will now be published in 1993. 

Enquiries about purchase of books and mi1ps, or details ol the v41rious 
aspects of BGS work in Wales, should be addressed to the Officer in Charge, 
(Dr R A Waters), Regional Office for Wales, Bryn Eilhyn Hall, Llanfarian, 
Aberystwyth, Dyfed SY23 48Y; Telephone No. 0970 611038; Fax No. 0970 
624822. 

Publications 
The Survey·s Annual Report 1990/91 was published early last year. 

Although it costs £8 the document offers some S3 pages, superi>ly produced ,,.,;th 
many colour plates and contaJning much of interest to amateur as well as 
professional geologists. In sedimentological studies, for example, present day 
sediment from rivers draining the Moine and Lewisian terrains of northern 
Scotland has i:>een a.nalysed a.nd sho\-."S that the two areas produce distinctive 
mineral suites. So it should be possible to trare back the sou,ces of at least some 
of the ancient sandstones of the north of England. 

In petrology, work on the calc-alkaline Lower Borrowdale Vok-anic Group 
has revt>aJed systematic cycles and pauems of magmatic evolution during the 
development of the ,•olcanic pile. Further analyses of these suggest that disparate 
magma chambers and subvolcanic plumbing systems fed the lavas extruded from 
numerous fiSSt.Jres and \'ents. tn mineral studies, results from the South Pennines 
confirm the view that basinaJ Visean-Namuri..m shales were a major source of 
mineralisation. 

Other sections of the Report reler to the Survey's work on radon hazard in 
collaboration with the NPRB, and on methane with the ConslT\lction Industry 
Research Information Association. There is a fascinating section on 
Geoarcbaeology, too, and useful apl"'ndices on BGS structure, staH disposition, 
finanre, publications and future plans. 
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Other BGS publications during 1992 in<lude the Carstang Momoir (She<!t 
67) at 07; 1:50000 drift maps for Car.;tang and for Settle; and two 1:2, <JOO sheets 
in the Classical Areas of British Geology 5"ries-

SD 19 0evoke Water and Ulpha, and NG 12 Lorton and l.oweswatcr. 
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CONSERVATION CORNER 

English Nature and Lhe Joint Nature ConservatioJ'l Committee ilppear to 
have had a quieter ye..'\r with few major dcvclopm(!nl$. The JNCC's principal 
effort has been in GCR publications. A number have now ap~ared, including 
'Caledonian StructutcS in Britain south of t1,e Midland Valley·. This volume has 
been edited by Jack Tt(>tlSUS of Manchc.,ste:r University and rovers the Southc'rn 
Uplands, the Lakes, North Wales and the Welsh Borders. Published by Chapman 
and Hall itis so far only available in hardback and costs a,5 /or 177 pages. 

The main conservation effort is now concentrated on the new RIGS groups, 
• and it is good news that a RIGS Support Officer has been appointed for two 

years, operating fr(>m the Lincoln headquarters of the Royal Society /or Nature 
Conservation. RIGS groups have starled work in most North of England c:ounties 
and notes on progn .. 'SS in the North--West are given beJow. 

Staffordshire. (Don Steward and Keith Harrison) 
Maintenance work by the North Staffs Group of the Geologists· Association 

continued -at Brownend Quarry, Waterhouses. Work on the footpath has 
improved public acooss and steps were taken to ensure that plant growth does 
not r<X'Stablish icself. Gannister Quarry near Mow Cop is a notified SSSl with 
valuable exposures of Narnurian sandstones, ganisters and shales. A ,,·orking 
party from the N. Staffs Group visited it and plans for clearance work are being 
prepared by Jill Smelhurst, Special Sites Officer, Cheshire Wildlife Trust. Two 
members of the Derbyshire Caving Club investigated the bottom of the old shaft 
and found of all things, an abandoned boat! 

In the course of a field trip to Miry Quarry, Apedale, the party was able 10 

examine the Vanderbedd Marine Band (Lower Coal Measures) with exposures of 
the Banbury Rock and Banbury Coal. It was noted for the future that the 
exposure needs clearing of weeds and a general tidy•up. 

The Forestry Commission is not certain about the ownership of the 
Hanchorch Quarry part of the BuHcrton Dyke, and has asked us to furnish it with 
accurate information about the exposures and their map references. We have also 
made! inquiries about hvo more exposures of the Dyke at Coldmeere and north or 
Yamfield. It appears that both sites are due to be filled and landscaped, Letters 
to the County Council haV(> n.ot so far resulted in a stay of execution. Notification 
of aJ\other Rf GS has been fonvarded to Staffordshire County Council; this is 
Highlows Farm Quarry, Coldmeece (SJ 858334) where the Swynnerton dolerite 
dyke is exposed and is also historically important as the first site to be chosen 
(1927) to prove that magnetic surveying was a viable technique in determining 
001\c:ealed structures. 
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A i;cologic•I tr.,il booklet around lhc Poucrl"" Is bdng pr<·pan.-d 11.< p.ut .,, 
1h• Ct-ologlsis· A..od••fon guide ,;crl,,s, public.11Con OC'lng tlm,,J 10 co[nlidt with 
the 8rhi5h Assocfotlon for th(.\ Advnn~m('nl of $d('.nec ml'4..'lfo~ to Ix- h~ld at 
K<'elc Univmlly, 29th August • 3rd Scpoembcr, 1993. 

OorbyshJ,., (Pauline /One$) 

Work on 1he Derbyshir,• RICS projl>c1 mn,-d in Sc,pcom1:>cr 1991 with th• 
objectives o( n.-cording oJI •ites In lhe rount,y wit!, g,<>logi<>l lnl<-r<-<~ sek-cting 
•nd 'nolilying' RICS ond producing• ;.ep;,rMe li•ting or sites that would 1,c o( use 
to edueati1>ru,I uM:l'S, Todateappro-,matdy 1000 sites h•ve oocn r<'<'Orded ond o( 
tho•• 100 have been selectt-d as RICS. D\Orlng lhe coming year 1ho seorch for 
RICS will be ex1<,ndoo to •n•ur<• tha1 1here Is• good S•"'Smphlc,,1 ~prt'ild of 011.-s 
and 111.&o to rnsure that as many areas nf g('Ologlc1.1I lnu~res1 as poS!iilbl~ arc 
represented. A,. wilh all RICS groups lhc Oi,rbyshlrt group would welcome 
information cm sit"' •nd suggestions for sites which could qu•llfy os RICS. A 
llsllng or RJCS In Derbyshire ls ovalloblo ond con be oblaoned rn,m Mrs. l'nulinc 
Jcmes at 1he Unlvel!llly of Derby, Cl-ology O.,p,,rtmMt, Kedleston Ro.td, Ot•rby. 

Che.shirt. (Tnny Browne) 
Sotlsfudn,y pmsre•s Is be!J1j\ ,node on 1hc st·heme •• ,norc people have 

offered tholr cxpcniS<l In idcnhfylng su_it•blc .,,,,. ond writh1t1 up n prcllmhm,y 
n,cordlng form for each site. 1110 l11illnl aim b to P"'"""t up to one hundrt'<i site 
records 10 1hc local authoritied covering 1ho projec,1 arco, mainly Ch,'Shlre ond 
Wirral, but ol>o p•rts o( Monchestor, Stockport, Tan1esldc and Trafford. be/ore 
the end of Fcbrunry 1993. With lhe appropriate •uthorlty approval, the 
inforrnotlon will be given to English Nature with "'l"""" for RIC st.>tu>. 

The f'ro)<'e1 is ongoing ond thcr11 I• >1111 much 10 be done. Any cnlhu;last 
wishing 10 ploy a part In this worihwhllc schcnrn •h<ruld cuntnci • 
Jill Smothurst 31 Cheshire Wildlife 11.Q. Crcbe House. Reoschcath, Nantwich 
CWS 6DA. Telepl,onc: 0270 610180. Fox: 0270 610430 

(A rorrt'Ction to 1hc ortlcle In 1110 North West C'ol'Oiogis1 Ne,. 2. RIGS will 
hove •n equlvalonl ,101us 10 SBls (Sites of B,ological lmpocUlnce) not SSSls AS 
oppeared on page 87.) 

Cr-eater MfflchestM 
Th,• problem• roforrt'<l to In the laot North Wc.i Ceologist have not yet 

l>t.'itn <nlvt-d, ohhough the likelihood is that lhc rcspon,lbillty for gmlogkal 
conS<trvo1lon will pa55 lo the Cn'olor MAnchester Cmlogkol Unit 
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MUSEUMS ROUNDUP 

In these times ol go,'Crnmcntal parsimony and local authority poverty few 
of our musewns are safo Crom the threat of curtaiJment or e\·en dosure. It is good 
ne'\".-s therefore that Buxton's l.!'Xt'CilenJ museum appears to be sale - for the time 
being at least .. and with the introduction of admission charges.. Transfer of 
responsibility from the &luralion Committee budget to that of the Planning and 
Countryside Committee has made this posstl>le and indeed there is hope of some 
expansion in facilities and services. Jn north--east England the Hancock and 
SunderLmd Museums have also been reprie,•ed, and in the south -west it is now 
possible that the admirable little geological museum in Bath will be re-opened. 

Amongst the North-West's smaller, independent museums are -

Peak Oistrid Mining Museum, Matlock Bath, Derl>yshire. 
After fourteen yearo o( operation the MUSl'UJJ\ is pbrutlng major <hai,ges to 

its exhibitions, mostly "~thin the next six months. Lynn Willies, Museum Project 
Leader. reports-

"'Behind the scenes a new area is currently being prepared for 
storage of arteladS, /,..,.,ing space behind the first of the current 
display areas for a new exln'biL This will be a very dramatic and 
exciting ~interactive"' simulated mine, allo\..,tjng the visHo.r to 
experience the main elements of a lead mine, and some of its 
dangers. It will show how mining techniques have developed o,•er 
time, and will be linked to sound and light effects and to a 
con, 1crsation between miners as a means of introducing the 
complexities of the subject. As throughout the Museum since its 
inception, the emphasis is on ·hands-on'"~ or perhaps mo.re 
aa::urately, sometimes "'knees-on .. ! 

It will replace the existing geological introduction to mining. which is to be 
moved to a new more spacious location. and will be enhanced, to e,cplain both 
the mining geology of the area, and 10 display the siuable related rock and 
mineral collections owned by the Museum. It will indude a small mining 
goological hi.story display, including the ·greats· such as Agricola (De Re Foss11/a), 
Werner and Hutton, and local men of considerable importance such as M.>we, 
V.'hite Watson, and Farey. 

No less important• the Museum is insta.lling a chair lift fo:t those with 
walking difficultie,;, allowing them lo easily read, the meu.anine floor displays. 

There are chan&"5 planned, too, for the Temple Mine, site of the gold 
discovery reported recenUy, which is some 200 metres from the Museum. Here a 
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.,,,.,11 fluorsp.u dn-s,lng plont ol 1940-60o vint•s• "' t,,.,ng 1n<talled to allow • 
,,'Ofking demonstration of the m.tin methods o( mineral treatment - 1t mdudes 
hp~r, crusher. log washer, lrommtl and jig.s, and there!' will .,lso t,~ ., 
demonstrauon -,!,rating wble (•nd flotation In the longer term). Visitor., will be 
able to use hand•mothod.s to .ichieve the ""'"" resulls •• the m«hanical, with 
plmty of water about <0 P'""'itt "bocking', 'sieving and hutdung·, and' buddlmg' 
And, of coun;e, to practJW gold-JM,nnmg • ,·ou never-know when 1l m1gh1 be 
useful' When finbhed, with • number of ocher plannNI Installations of 
appropriate equlpment, It will haw aU ti"' fadUtle> of• mine of about 1950 • 
•boul the last date when the layout and working of such pruc_.,. remaioed 
understandable 10 the non-speciJ.lisL 

The Museum •nd Mine are open every day ei<cept Christmas O.,y beiwren 
I 1.00 and 4.00 (longer at bw.y lime>), and there is• modest charge, with the usual 
ronct'SSions. and • • .. ,.., tkkei· for tho,e who -.ioh to visit both Museum and 
Mine. Thero is al!;o Briirun's best s1oclcL'<I mirung bookshop wilh • S<!l«tion of 
g,'Olog)• items • so allow plenly of time! Speo-11 ,uria<e and underground lours 
rnn ,100 be .ur.tngl'CI. Phone: (0629) 5831!3<1 lf you wish lo bring• p,uty. 

The Sall MllKun\. Northwich. Cheshire 
Britain's only 5011 museum is situa~ about hall a mile sou1h of Northwkh 

town centre 1,1nd the same dislance from the A56 Manchester to Cwsler ro-1d 
Oescnl,,:d as "small, lrimdly •nd fasdn,,ttng· II Is hous<d In 1he old Workhouse 
In Northwich ~nd it. display,, combine geology, cN!mislry and lnduslrial h.is1ory. 
Fn.., c•r park. tollots. coffee and publlcalk>ns •hop<.,.. provided. There Is a $1l14II 
admmlon charge to the m.-un galleries. bul ent,y to lempo<•,y e>.hibilions Is fn,e. 
Opc1ull 1he y,,.u round • IO•m to 5pm Tmosd;,y 10 Frid.iy, 2 10 5pm Sa1urday and 
Sund•Y· Telephone:0606-41331. 
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EARTH SCIENCE AT LIVERPOOL JOHN MOORES UNTVERSITY 

l.ntroduction 
Physical Geography and Geology have been taught to honou,s degree level 
in the Uverpool John Moores University's ancestr-.al institutions for well 
over twenty years, and were integrated to form an Earth Science subject 
area six years ago. The Earth Science singJc. honours degr~ a~ as an 
evolutionary development of Physical Geography and Geology honours 
d"gree cours,i dating back to 1967. A B.Sc:/6.A. honours degree combining 
Geology and Geogr(lphy was validated by the University of l,,.ancaster Ul 
1976. Subsequent course modifications .,nd enhancements culminated in a 
complete revision and revalidation of this honours degree in 198-4/85 . 
Subsequent to the C.N.A.A's validation of Earth Science combined and 
joint honours in 1988, the six memOO:rS of ac.ademic stall were successful in 
having a single honours Earth Science degree validated in 1989. Since then 
a Professor of Quaternary Geology and two od,er academic staff have been 
appointed enabling the course team to broaden and enhance the single 
honours route to include more modules. 

1. The Nature of Earth Science at Liverpool John Moores University 
E.lrth Science .;it Liverpool Joh.n Moor-«. UnivcrGily i& the et--udy of the 
physical environment, including the fields of sedimentoJogy, 
palaeontology, geochemistry, pet:rology, geophysics, geomorphology, 
hydrology, climatology, applied geomorphology and geology, structural 
and historical geology and pedology. ·n,e philosophy is that lhe physical 
environment is a single system; thus the aitn is to train st·udents to 
recognise the holistic nature of the physical environment and to 
understand the interactions within and bth'+•ee,n subsyst<>ins, This is 
achieved mainly by the study of the processes nnd their responses 
identified within surfa<:e and subsurlace systems. Applied studies are 
emphasised, to produce students able to make a realistic contribution to the 
industrial, commercial a.nd academic worlds. 

Students are presented wilh the opportunity to acqujre knowledge and 
understanding of t.he Earth, its systems and processes, ,and the impact of 
man upon those systems. ¼'ith a strong emphasis upon applkatio1,s, the 
acquisition of a range of practical skills is an integral component of the 
course. Such an inteJlectual 1md practical resource base ensures the 
development of students ,,,rith a sound understanding of various earth 
materials, pr~ses, systems and ia.1\dscapes. 

Synthesis o{ these components enables the students to integrate lhat 
information, and to create the basis for evaluation and decision-ma.kins in 
tJu• exploitation and management of resources ;;ind landsca~. The 
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evolution of tde.tS \\lhJch b a (e-1ture o( cum.->nl Earth Science dcb.ue reflects 
(ctnd is a response to) the growm,g awa.rene$$ of society to the finite nature 
of many .-..ources in the physical environmenl, and the identifiable need ID 
understand the Earth·s systems to ensure .ippropri.ate exploitation a.nd 
management 

3. Th• &rth Science Cou...., (B.SC. Honounl 
The row,;e is taughl in small unils rall«I modul<'S- F.ach module has;,. 
own exa.min.ition or assessment process and credits are awarded when the 
modulo is su=lully completed So credils are accuDlulared through lhe 
course. The aim is IDe.tm 30 pcrycarand whenyoo have90(usua0yaher 
3 years study) you ha,-e enough to qualify for an Honours 0..-gree. Thl, 
doesn't mean that there will be JO examlnalions every yea.r! Modw,. vary 
in lenglh wilh Luger ones earning more credits than short ones ollhough 
still having just one examination at the end. In general the modules in the 
final ye..-r are long and those in lhe Ars1 year are short (most worth 2 
credilS). 

A aedlt sysi,,m is '""Y flexible. Once credits ha,-., been camoo Ibey con be 
transferred lo olher courses should )VU change your mind about a career. 
They can even be transfened between College/Univemlies operating 
CA TS schemes should yoo need to move to a dilierent part of the country 
(oT even o,•er.;eas). Crt'dits c:an ,:dso be-stored for a while if you need to 
take a break from study for .a year or two. On retumiag to study the 
credits are brought back wilh you so earlier effort is not wasted. 

Another adv.rnla.ge of a credit~ scheme is that aSSCS$menl is spread 
more ewnly through the ""'""" than in traditional modwar degrees. In 
the latter lhere is nonnally one examination period at lhe end of each year 
on wh.ic:h su«rss or Jailutt is decid~, but in a atdil scheme there iU'e 
..,,.,.,,.J small examination 'hurdles' Instead of one large 'hlgh•jump'. 

The Earth Science Single Honours roule (see table 1) enables students ID 
develop .a detailed knowledge and underst.1,nding of the Earth, its 
structure. the operation of its component geosystems, their impact upon 
human artI,·iti~. and th.e processes by which distinctive lithosphe.r'ic 
comple-xes and l•ndscapes a.re formed. Such a route is attractive! to 
studenls with • strong 'geological/physi<al geographicat bi.ls. • desire for 
spedalisation. and t.o those who welcome the opportunity for such 
inlegration ollen!d by Earth Science. 

Graduateo .,r the cour5e (with its well-defined prnctical and llcldwork 
orientation) can expect to g.,in employmenl in a variety of Earth Science 
cateers. e.g. Geotechmcs, Hydrogeology. Resource Exploraoon and 
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Development~ Resource M<\n.1gement. or to continue with postgraduate 
studies at other institutions. 

Combined ,md Joint Honours Earth Science (s,e table) allow students to 
unit~ Earth Science particular!)' with Countryside Management/Human 
C""'!,taphy. 

The Earth Science/Countryside Management combination fosters the 
development of knowledge and understanding of the Earth's system 
structures and pm<L'SSCS, and their interaction with the bioo-phen,. Such a 
combination provides the opportunity for broad-based, integrated onalysis 
of all four Earth systems (AIIDosphere, Hydrosphere, Lithosphere and 
Biosphere) and thus attracts those students who wish to gain skills and 
competences m environmental systems from a more diverse perspective 
than offered by the Single Honours route. 

Such a O)tnbination proves particularly attracth-e to mature students, who 
may have experience of the appt;cation of such knowledge through local 
gt.""Ologkal societies, Groundwork and Naturalist Trusts, Greenpeace, 
Friends of the Earth etc. Graduates with such a background would expect 
to gai.n employment in education, conservation and pl,1nning, landscape 
ewiluation and impact assessment etc. 

The Earth Science/Murnan Geography route offers a combination of units 
conducive to an understa.ndi.ng of the spatial variation in the earth's 
structures a.nd proa.>sses and their interaction with human systems. this 
route attracts those students who wish to study a route similar to the more 
traditional Geography degree routes. Employment potential for such 
graduates would arise in such areas as Education, Leisure and Tourism 
industries, Local authorities, and lnfonna.tion management industries. 

It is anticipated that the empruisis on practical skills offer1!<1 by the pn?S<>.nce 
of Earth Science in these combinations, together with an ethos of Applied 
Science, will result in the production of more markt:table graduates. 

4. Teaching Methods in Earth Science 
The Course Team, having had many years experience of active 
involvement i:n teaching education, are particularly conce.me<I with 
providing the students in Earth Science with interesting, rewarding and 
enriching learning experiences. A wide range of teaching methods are 
employed appropria le to the particular intellectua.l and p~actical skills. 
Teaching methods indude lectures,. seminars, tutorials~ laboratory 
practicals and CieJd experience. At all times an emphasis is laid upon 
StudenH:entred learning. 
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Lectures 
Large first year groups ar~ laug:ht by tTaditional lecturing techniques, using 
illustr,,ted material from a wide range o( British and foreign locations, 
including extensive use of visual and audio-visual m;aterial. Lectures to 
smaller groups in later years do not mcrc-ly convey information in this 
traditional manner, but also use more informal tcch1tiques. Interactive 
teaching methods and problem solving are introduced within the context 
of the lectures. Al all tim(.-'S efforts arc 1nadc to draw upon the students· 
own experiences. 

In the second and third years. seminars arc used to develop student­
centred learning. Students are encouraged to become familfar with the 
wide range of Earth Scit'rlcc litcr,,ture sources. In the initial stages they are 
expected to comprehend and synthesise carefuHy s,el("('tt.-d papers. Open 
ended literature searches become necessary at a later st(lge. The 
development of communirat-ion skills is a priority. Seminars also serve to 
relJte theore-tical and empirical methodologies:. 

Tutorials 
Tutorials are: an integral part of the Earth Science Named Route frocn the 
outset. In th<" first Year, they provide a framework for equalising students' 
previous educational experiences, 35 well as offering opportunities to 
identify part-icular learning problems. Subsequently they tne u.sed to 
reinforce lecture and practical sessions an.d to ident-ify stude-nt•CCl\t.rcd 
k>-arning problems. 

Laboratory Pr.tctic;11s 
Earth Scic1\ce is a practical subject., and therefore a significant amount of 
the students' time is spent in the h1boratory. They are t'Xpected to work 
either in smaU groups or individually on student-centred, guided projects. 
Learning packages indude course booklets, tape-slide programmes, videos 
and instructional and i.ntcr;active computer prograOlmes. It is necessary to 
utilise open laboratory l~arning in -addition to formal practical sessions. 
Staff are av3il(lble for consult~tion to deal with specific problems, and to 
monitor student progress. This ensures that theoretical and practical 
learning are synchronous. 

Fieldwork 
Fieldwork is an integral and essential component of Earth Science. E.lch 6 
credit modult> r~uir(?S ~tude.nt~ to $~nd at least six days 4, the field. In 
addition, the Finill Year Project is normally fitld based. Th~e demands a.re 
based upon the need to develop an appreciation of in situ relationships, 
;and to deepen lhe student's understanding of specific Earth Science 
phenomena, proccs~ .tnd materials. 
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In th,• First Ye.-.r. sm.tll g·roups 11nd indiv1du.1ls are ,1ssign.ed 10 ~~fie 
las.ks. «•V\."flng a wide range of E."'lrth Sci(!'ll«' l«hniquiS. In l'M1 ll. th~ 
more spedf.c nature 01 rhe, n>u™• modules denund more sndlv1duat or• 
r-,1red <f.fud1es.. helping ,tudl!nts lu assume r,•.s-pons1btlity for then own 
lcarrung stral'-"g.lCS Sta(( monitor .:.tudent prog~ both in the-field and in 
theolfu:e 

Al •ll stag~. lh• field experlonc;• b supp<>rtcd by rormal and mlurmal 
discussions. to examine and interpr..-1 observ:mons .tnd measurm,ents-

tnformaition Tttbnology 
lnfumuthc.m Tl"Chnology 1s mtroduc~-id in th.e hrst fear. m the Na1ural 
Science Method.~ module. ~-hffl studenl5 .ire introduced tc> both mamrmme 
and mkn><omputr-r technology. uwoh,ing lhe \bl!:' or mrnmierdal so(I\\Mt' 
to 50lve specific Ea.rth Scl~nce problem"- Stati:thc.il p.1cL.age-.. work 
l'fO"'<sing. spreodsh..>ets and datab.ues are !ntroduCl'd. 

Ln Part 11. the* 1«hnfques are de,--eloped tn .111 cours~i but recetve 
partkufar emphasis In Eanh Sc-i .. ~ntc \·lethods wht"n studenb ,uc 
encouraged io ~ Mrnputl'r otdcd dnign for data handling,. lll.nJ s1dyhiLt.l 
.11\d cartographic n.1'roduC1ion.. 

There lli P4rt1cuLu emph.isis upon ,nlonnauon t«hnology apphed 10 land 
surveymg and remote sensing. Commoner remote sensing t«hnl~ .u, .. 
studled, w!U, .m '""Phasio upon theu appli<.1tlon to spt,cific problems. 

Th• Project 
The aim of the Pro;.ct 1s 10 en.tble the ;cud•nt to demonstrate a le\"t'I or 
undc'l'Slandlng ol current Earth Science deb.11e and the dblll1y 10 ronceive, 
inn-stigale and synthesise• problem MmJX1cntly. Sludt'IIIS choo5e • 1op1< 

by Easrer m the second ye.>r, in consultotion with IUlors. The sp<.'Clfic topic 
must Involve fieldwork and mus< be original The range of topic< suital>le 
for investigation at Honours le\..,J is very oon,,iderable. 

Di5cu><,ion with stolf wdl include an Introduction 10 l"'-"'mll> ,vorJ.., field 
and laborat01')' teehn,qucs, and rhc location of posst'ble 6eld sit"5/ are.is. A 
member ol .te.ldcnuc smlt "ill normally Visit each student in tlu! ficld at an 
•pproprinte time. 

Cou..rstwork 
The emphasis placed upon course"·ork in Earth Science refle-cts the 
imporcance r.ho1t the- Course Teflm place upon the acquisition and 
~ppUc,u,on or >kills •nd techniques in Ille laboratory and m the field. 
Cuursewark will lncludt! formal C56<ly:!,. ~mm1-.u presentation. laborn1ory 
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I 
practicals, fieldwork assignments and the presentation of projects b.1sed 
upon a combination of all these me1hods.. The balance beh,•een these 
romponents will va,y from module to module. 

5. Entry Requmments 
Applicants must nonnallr have CCSE/CCE O level qualilkanon, in an 
appro,-.,d mathematical subject and in an appnwed science subject, as well 
as two A le-els; AS level qualifications are equally acceptable. Mamre 
students will be considered indMdually. For further information please 
contact-
The Admissions Tutor, Mr. Neil 8owden051-2312088, 
Earth Scienre, Uverpool John MOC)n!S Universily, 
Byrom Stn,et, Uverpool 1.3 3AF 
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Tablel, Modules in Earth Science (Levels 1, 2 and 3) 

T11e student programme for each Level consists of modules lota!ling 30 credits - a 
credit being 30 hours c:,f sh1dE?nt learning. Progression from Lcvcl 1 to Level 2 
and Level 3 i$ dcpc1\dcnt upon the student successfuJly gaining 30 credits at 
Level 1 and Level 2 respectively. 

Single Joint Dip. 
Credits Hons. Hons Major Mi.nor Cert. HE 

Level 1 
NATES100 Hazards and 

E.nvironinc11t 2 ✓✓ ✓.J ✓ ✓ 
NATF,5101 Earth Materials 2 ·N ✓✓ ✓ ✓ 
NATES102 earth Surface 

Proce'SS4.~ 2 ✓, ·N ' ,J 
NATESl03 Environments in 

Time and Spacx- 2 ✓✓ ✓,J ✓ ✓ 
NATE5104 Applied Earth 

Systems 2 ✓✓ N ✓ ✓ 
NATESJ05 Structural 

Goology 2 ✓✓ ✓✓ ✓ ✓ 
NATESJ06 Geochemical 

Systems 2 .J ✓ 
NATES109 Earth, Origin 

and Structure 2 ✓✓ ✓ 
NATES110 Invertebrate 

Palaeontology 
and Evolution 2 ✓,/ ✓ 

NATE5111 The Making of 
the British Isles 2 ✓✓ " NATES112 MC~\Odsof 
Fieldwork 4 ✓✓ 

NATGNI09 Methodsin 
Natural Scil~CC 6 ✓.J ..J ✓ ✓ 

(may be $hnrod with Countr}'$id.: 28·30 12-18 <12 
Manageme1,1-3 ctedlts each) 

Levell 
NATES200 Fluvial Systems 3 ✓✓ ✓ ../ ,J ✓ 
NATES20J Soil Science 3 ✓ ✓ ✓ v ✓ 
NATES202 Landsc,;1pe 

Processes 6 ~✓ ,J ✓ ,/ ✓ 
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N/\165203 Seel m\('1\1:> in 

Tune nnd SJM('C 
(NATESI03) 6 ,/./ v ,, -I v 

NATES2lJ.l Cry~talline Roe.~ 
and PN)('CSsei! 6 ✓✓ V 

,, v v 
NATES205 8'lrth Sril'nc,, 

Mo<h-Ods 6 "" v '</ " " NATES21l6 $Qlid Etu1h 
Ccophy-s,c,; 3 ✓ V ✓ -J .J 

27.JO 12-15 12-24 6-12 <l4 
• 

Levcl3 
NATllS300 Qu>h!t'Nll")' 

5'lldlcs 
(NATES202, 
NATES200> 6 ✓ ✓ 

NAl'ESlOI Applied Soil 
Science 
(NATES20ll 6 -I 

NATES302 Appllo>d C..'<>-
morphology 
!NA l'ES202) 6 ✓ 

NATES303 C..'Olagiral 
E"oluUoo and 
RJ.,jources 
(NATr::5200) 6 ✓ -J ,J ✓ 

NATE.'004 Plulonk Studil."$' 
(NATES204) 6 v ✓ ,/ ,1 

NATES305 Eng:ineering 
Geology (Any 
12.cn.-Jitsfrom 
Level 2l 6 ,J 

NATES306 Exp1orotic,n . 
C..U)ogy(Any 
12 credits (T('m 

~•12) 6 ✓ ..; ' ,J 

N,\TES307 Project !Any 
Level 2 module) 6 ✓, ✓ ✓ ✓ 

30 12-15 ll-N g:"12 
,/.J Col\'Module Ol (2) 1.31 (4) 

✓ Optional Module 
Prcwqulsiles •re 11,ted In bT•c.kets wher< oppropriate. 
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Degree students a.re required to ga.in 45 credits M Levels 2 and 3 including a 
Project (3 credits). 

(1) BSc Hons Earth Science; (2) BSc Joint Hons (Borth Science and another 
Subject); (3) (1$c Combined Hons (Earth Science with another subject); 
(4) BSc Combined Hons (Another subject with Earth Scienc,,l. 
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FIELD EXCURSIONS 
Manc.hcsle:r Ceologkal Association visH lo the Clilhcroe Limestone& 

led by 
Adam C.r..trncckl (Senior c,vluglst, Rob111~on Fll."tcher) and 

Peter dcl Strotlwr (Wor~ Managt>r, Casi Ii! Ceml'nt) 
Su11dJy, May IO!h 1992 

Introduction 
1'h" objcet of Lhl' wccursio" was iu l!1ic .. :1ntLw tho .!lU~li.'!IBion .m .. l 11Lruch.1~ nf 

the Lo1.vcr Carboniferous (Oinantian) ln the l.mtnOO.lat'(' vldnity of Clithuroe. 

In the rnornir,g the group ~x.ttnlncd the Chotburn Limestone Group, il 

thkk ~1..-qu\tntt r,f nrglll.1cet1ut1 Jlmeslones nnd minor shallltl well e"posed in Castle 
c~ml!'nt's Lan~ Head Qu;1rry. In the nftcrnoon the W,,u1sortlnn mudmound at 
Cc,plow wo.s vbitt.-d to demonstrnlc its reg:io1\al context .lnd rich eehlnoderm 
faunn. llo1h of tht>SC loc.Jlihes rire priv.-te properly, ilnd lhan.ks are due to CllStlo 
Cement for permission to visit them. Some ol lhil group 11lso t·ouk p.ut In ,, 
guldl'CI tour of th<' Cement Works in the lam .1ftc.rnoon. 

Other good locaJ exposures such u.s those in the Sillthill SSSI, Jn lhe ro..,d 
culling 01'1 thu bypn.s!!I, und undt!r Clltlum:.e C.,.stl\? were omitted. These are 
olwo1ys t1ct-c~slblf!. A t,;uidc tQ the Salthlll SSSI ls avt1ilt1blc from the Touri.sl 
lnf<,rmallon Office In Clllheroc (Gr•y•on I 981). 

Regiun11I Contexl 
The rocks outcropping I he .tre.i arc prcdorninantly of Oin,tntlan age and 

C:t)ni,ist or a v:1ded sequence or limestones ond 6hol~s with subordinate 
Silndstones. Certain focics ore highly los~mforous. 

Thesedepos:its wt!re furm"-trd in the relatiwly deep wal·ers of th~developing 
Craven Basin. Tho basl.n was of hn1f•grnb<.•n n:.1turc modifi,id by amtempomnt.•ous 
foulting. There is tvldencc of evolution from rnmp to slope dcpo,itton 
(Gawthorp;, 1986 ond 1987). 

A numbc.r ol Woulsorlian carb(lnati: mudmounds formed during the '-"arly 
Oinnnlfan. The origin of the-Wnul50rthin m\.1dmounds ls still contentious, but it 
5eems lnaeaslng1y ilCCl!plt.-d that they ltccumufotl>d und\!r biological control, 
po•sibly ,,!gal. 

A number ol stratli,v.1phlc l'Khcm<.'S hnve been cstnbli.shed for the Oinantfon 
In lhc rJilheroe district; see pt.utkuh,rly Milll'r and Croyson 19?2, Pt!wtre11 and 
Smilh 19~, and RIiey 19\IO. MIiier ond Cmywn I• U><<I here (Tobi~ I). 
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GAOIIP FOIIMATIOH -, .. , 
£1o11j D i'1 1\lll'fll"IU8eot 55.15 -- ~10seo 

San,,IC"I)- 0 ,s 
WOASTON UIICOll!io(rMr ---ClmEROE 

10·36$ 

SHALE 
LIMESTONE 

...... aua,r;......._ 61-92 

GROUP 
C()l;tPI.EX 

Upi,o,Ccc,low- eo. ~-- c,00 
l.aww~- 100 

CHA'l&/AN BcoclV-- 127 

LIMESTONE --- 143 -- 23 
GROUP 

U.-....OldMn_t_noi_, -
T•blc I 

The Cr.own IIMin IVoulsortian mudmound, 1n, r,I Chadi.tn •se: deposition 
of mudmounds •• W•ulsort in Belgium and in the Derbyshlre/Norih 
Stalfonbhirc •«• olso took pl•ce m tho O.odtan. For • guide to the ec:hlno,d 
buru1. sw S. K. Oonov.in, 1992. For • d.,,.ukd synthesis of ,...,arch on comon.11• 
"-'<!jmentsand nxks,..,.,Tud,a•nd \Vrfgh~ 1990. 

locality I 
l«alny I provided •n owrview ol th<> qunrry wnh tho Oltheroc Anuchnc 

strfung oppn>Kim•••ly east/w,-st -.,ih Its fold hinge horilon,.I. On th< north 
>Ide ol the anticlln• the boos won, -n w dip highly vanably 10 111<, nor1h. whdSl 
to the south 1h• di!"' """'•uniform JO to 40 deg,.,.. 

Locality 2 (Fig. I) 
At an old mineral loading point on thu north side of thtt •ntidine,, the 

liorrocks(ord H,1II Thr'U!,I w.u loc.ueJ Thl' Ch.ubum Unws-1one-beet, ,,·e-r~ 
ob,st,n~ed turnmg m tht' sp.~ ol .i ,,...~"' m1.•h·~ fmm ho:n.iontal to more than 90 
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d1.•~n.'"-' .. itw n,mpt.'h•nl IMJ .. :,,ht,Wl'(I h,,r,,,,,11,,1 "'k"-,•n~ld111,,; ,m ••illlH.' Nurt,h'l"'-, 
,111,I \'l•rHt·11I r()l.ldm~ Pn ,1lhl•r,, 

Thl• ,-ont,1d wm-1 lh•I l'Xrt•~,'iJ, t,ut lt."i~ lh111' h_•n mdn• .. ,1w,,y llw un,1,•rlyiu~ 
(pn•Mrnwd) Wor-.ton !!ih,'11·"' Wl'J'l' r~po:-",1 I h,· l""lim,1h-J ,ninhnum lhruw 1111 
tlw thrll'tt w,11 .. tlh:ri•f,1n• dn·n ti<tO m"1tr1.• ... 'th'-' !\h,1h.•~ .ir1.• ,11. .. ,,ribt.•d rn 1h,· 
('H1h,•ro1.• M,•mulr 11.., l:-.1..., 1111,,tly htldl'\I turh1dlh_, .. Thi- foldln,:. w.1~ 1'11t ,,t-.,•l,1w,, 
1-.u1 \.11.·ov,•)r.~.:/l>\.,Ji.lm,-; rt.·l,111(111.,.hip,., tlil'!rupkd Jimc~huw Ix'\"- .-1111..I •" l\•,1,;1 1llh' 
l•~ht (11ld Wl'r1.• t.:,•n~bh'ut ,,:ith th,11 l11h.•rpr1..•t,,hon, 1 hill lh1..•y \\fL'rt.,• turb1dih•., w,1"' 
1w1 ,unflrmt•,I. 11l1hou~h tlwn.• w,1-; limih·d i'vl,.h.•nc1.• ,,f i-lrnrp. (ht\' tn ('0,11'"'-' 
C'Ot1t,1rll'I ,111d ., (1..'\\ (tr,m:sp1•r1L-J?) 1•r111,1ki fr1,~nll'llb In th..,\ ll<.\'rt"llt,1\11111111\•;;11111.: 

• l"'-"-'" 

• 

Thl• J1l'!ruptl\m 1t1 I h,.:~c rd,,1 lv\'Jy tw.111 othnl,':-1 C'IHl"'t.•,1 hy tht: owrthru~tinH of 
thte• C'hnt\'um l .. lnh~h11w 1"<h.•ndi. ,ll h..•MI n; for :t'i the RlbM"-', Som\' Hl(l m,.-tn,"'I 111 
tht.• no,1h. ·rhcr~ (but not vi-.ltl·d ,m 1hj~ c~.:c,•u,;lon) ,'\ Sl.!rk:,. ii( m1111\1dlu1..•; 1-. 
cxp<,s.t'<I in tht.• b,'tl of thl• riv,•r, Tht·~l• Ml' b'-~t ~t-cn 1(110 SU nh,'lr1.~ ,lu,Yn"ilrl'.ln\ 
Pl w,~t Bt,h.lford lldd~1.• ,,n lhc 'K-'Ulh I.Mnk, wlwn: p(•rht1p~ ~ix lriM h11l~t.•:,; r,rn bt.· 
t.fo,Cl'nl\."li 

Loc,,lily 3 
A ~horl til(lp w.ts n'liltll' \,•hrn: 1, a1itint,; IU1d hcl'n mnlh' thn•uHh p:ut of th,• 

C'hMburn I..Jnw?llnnc nnd r,vcrlylng boulder clny, The houlch:r d,)y cont,,in(.,1 
w\'11-n,unded fr.1J;lll1..'llth-or linw~tonl• • rrobnMy frc,111 (urllwr up th,• Rlbbh.• 
Vflll'-'Y• M .,..,me .:ontnhKlt.J lltlw'"lrt•/lcut type (o:,.~il.i Inn wry p.ih• llm1•;,ilu1w m.,trb, 

NcM this c·uttli,g, which \WS vt.•ry elm;,• t1) th1.• I torrcl('ksford Mnll Thrusr, 
tht: llm""•lotH' w,,; "lt:(.•n h'l be-very (r.ictur,:J 1tnd shol thrvugh with c,,ld1, .. vdning, 
cl'rl,111\ (1( t1w~t• infilh:d (r,11.:turt'S WCfl' l'IM.'<'hdon ani.:1 ~i1;mt1kl,,I, 

Th1,,•rc w.,i; .,1:m cvldcnc-t.• ~>f mrner,,htMtiOn Althnutth S(\l'fW -.p.Mlt.•rih.• 1s 
"111111.i In dolom111i.~d lhnc..,tv,w~ ,,t1-1mcl,H1.-d '"Ith r,,ults h, th1.., CHth\.'wc nrt.t,1, 1mn1,,• 
w.,~ found lh:rl'. Whnt w,i<t hlh.'rl")tlng w,1s pyrlll• whkh h'-•r1,,• w.1-. ftu,md W b1,,• 
<'llll\t.'lllr,1h•d In <'(.'rt.,in lhii-\ (10 h' 30 mm) bl'tlt<i, hue not ,'lflp,1rt.'111l~ ,l"l-1.0d,"Ht'l.~I 
with 1hu l',1utt. No ,•c)nvincing t.'~plnn.'tlion w.•~ l1~n.,•d upcm, 

A wl'll w1.-.'Uhl'h."l.1 ~urf,,"' o( ,1111..' ,,( lhl..' -:.h,1lcs w,1"' "'"1l111i1h'\I. A m1111h1:r 11f 
lhit fo,,,I.,. wt..•rc,• 11.lt.•ntltkd, lnt'ludln~ ,1bulld,,11l bry,,1,,1,,. it._11rl11,,-:111/,j•h1, t.,r,u;h1Uf"'XI~. 
;1ntl 1:1phrl•ntid r.nr.,I~. 

Loc,,lity 4 
Tlw f-'..lrly lh1.•11 mt1v,~.I lln hi th,• W1H1l'11ttl,111 mudnmund ,11 l\1pll1\\I wl11·r,• 

1ln '''r'N'~Urt.' of th,· I ,,w1,•r Ct,plow Sh.1il'S w,1:-i 1.•).,1111hl\•d lk'Udi11µ phiih'"i wcr,• 
i.'O\'l'f\.•,1 with,, rrol11"1,rn ol nin,,1d ,•,1lumm, ,,11d t'C'(i1~h11,11I c<'hilllli\l pliH,.._, 
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C~•rt.Jjn t-t...Jding pl.Uk.~ Wt.'fl! h',l\ \ Jue IV ~•Uom t:UfT11."lll ,1Chon. t•f ht l.tlt."f 
Jd,,nn~1.th"lft. <*·opt-t.1I infillin~c;, ,t1~t.,r1.,J ori~inall~ huri,,ontJI J'-'J111"-ilion. 

\\ ithin th1.· mu,1t.,1nk. fM:lt."'- Wt.'f\.~ h,unJ a numlx•r ,,f vu_~"!'-. often mfilh:J 
\\'Ufi d,1Jt,m,tt.". 

Furtht.•r mh• tht.• 'IUJrn·. S<r-c,...._ (n,,m thit l..tiw,~r Ct1J-~lo"' Sh,111.--.. \'il'ld1..'1 
m.iny cri1M1iJ l."up---and 1w1., ,'llmpk>te a-hinmd:.,,.. 
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MANCHESTER GEOLOGICAL ASSOCIATION FJELD EXCURSION 
TO ROOLEV MOOR, LANCS. 

led by JOHN STOPFORTH 
Saturday,Sep,ember3rd, 1992 

The object of this excursion was lo examine the upper Namuriatt .i.nd k>wer 
Westphalian rocks on Rooley Moor. This is an area of high moorland, lying to the 
north of Rochdale, "•'"hich at the present time appear to be rarely visit<.-d by 
geologisls (although it has been the .scene o/ intense activity in the past). 

• The par1)• assembled at 10.30.un on a dull day in almost continuousdtinle 

• 

on the edge of the Moor son,e 100 metres to the north of Calley Lane Head on the 
o)d road - itself a relic of lhe Industrial and pre-Industrial Revolutio1, 
communication routes. Before th.at time, many of the Pennine vaUeys were 
virtually impassable, bcing blod,c>d by woodland and scrub so lhaJ the n:,ads and 
pack-horse trails ran over the reL,ti,·ely clear hill-lops. 

On ;i good day the-Vil?\v from this polnt allo\•/S distant sil;hting.s of Mow 
Cop and the hiUs of North Wales. But not, regrettably, on this occasion! 
East,•.,ards could be seen Brown Wardle and the line of hiJls alongside th~ 
W"hitworth Valley over- which ran the .!-ee'Ond of the hvo old rout:es north fn1m 
Rochdale. It was called •Umers G.-te" since along it, supposedly, limestone was 
brought by pack•hOt'Sl!. The most obvious $0Urce o( the limestone would be \ht? 
Ribblesdale quarries. Bue an alternative explanation is that the limestone was 
eollected as erratics lrom the glacial till left by the Ribblesdale Ice in the Burnley 
district. It is known that limestone \-\'3S extracted by "hushing .. 1 in this area. 

Loc•Uty l (see Fig. 1) 
At this stage the road is still in a good state of repair with the sets in 

exceUent condition. A small north~st to south-west fault passes through this 
poinl contrary to the more usual direction. II cannot be seen but to the south of it 
the Hclpct Edge Rock is oxpos<'<i ,nd to the north. u,e Darwen Flags (Fig. 2). 
These have been quarried quite extensively on both sides of the road though 
many of the workings have been 6lled with lipped material. 

Some time v.ras spent in comparing the kahlrus shown on the gwlogical 
map "ith the features visible in the surrounding countryside. It was immediately 
olwious that there were considerably fewer faults dta¾'ll on the area of the moor, 
in marked contra~t to th~ very large numbers in th<! lowi'r gtound surrounding 
the area. This \,•ould .seeo, to lend support to the current view that the 
'"Rossendale Anlicline• is not so much an anticline, but more a fault controlled 
fe.aru.re over a rigid block. Howevcr 1 the point was made that the strata in the 
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low<r ground ore ob,;cured by tlll om! slodal s.inds: the faults were found and 
o·mpf)OO dunng the minmg activiltcs wlue:h hove bcc1t much mo~ frequently 
carrfod out there th.>n on the hlghcr i,mund. So the differen.e In the number-. ol 
faults may be. mon:-.1pparent tt,41n real. 

To th<, w,., could be >een evidmc<, ol spoil hoops ond o pond which mom 
the sit,: ol Ruoley Moor Colllery where Oie Upper Foot or Bullion Mine coal wn, 
worked 1"he cool seam 1~,d • fairly uniform thickness ol about one foot (hence 
the name) but i~ high sulphur con1en1 mect1nl that It was not mil\00 a..1;; f-requ~ntly 
as other seams. The Uppe,-Mountain Mme co.tl was no•~ble t,y its •1""'= In th!, 
<'Olllery. The g•p In which the 00U1ery is situated, between Hunger llDI ond 
Whim,.,y 11111, stand.• at 3()0 metn.'S and is the """'nd highest glacial md1wotcr 
ch,mnel £or wa11.~ drninin.g from a wcst«ly direction. 

Some distanre to the easl was a small spoil heap and a capp4.-d ijhilft, 

Locality 2 wa, an old overgrown quarry ln the O;irwcn A,gs and olO\Ough long 
since abandoned, it r;till bas S<.--veraJ intcrcstins foatutt,s.. The stone is not uniform 
lhroughout its thickness. The lower piu1 ls quite blocky and \'Cry l1-.1rd and a.ti 
<uch the stone wos voluoble ror building ond for ro.,d 5"ts The upper part ls 
,m,re flaggy, much of it w,th flake,, ol nuc.-1 and with ripple morl..<. and dipping 
appro,imately s• to the sou1h casL Above tl,e quarry the gl•dal till is expooed 
with pebbles-some local but ethers mdia,ti\--1! of an origin vin Irish Sea Ice.. 

Tho p•rty walked up die ro•d towards the brow of the hill (Loc•lily 3) 
where the I lelpet Edge Rock ,, cxpoo;<.xl and ..-x•mlncd a small quorry to the cast 
of the rood in which Helpet Edge Rock is exposed with Interesting slickenslidin& 
effects Along the rood itself, it was qu.il:e ec.a!"ily pos..lnbl~ u, trace the outcrops of 
the harder rocks since the builders had not ~,Id sets at the,;e pob,15. On• clear 
day the viuw ln,m the Top ol Pike ls "-'<hlnsive, - but not on this oro,,;lonl Beyond 
th,• brow of the hill and Into th; dip beyond, the rood passes over both the UpJ"'r 
and Lower Foot Mines and on to the Woodhead Hill Rocle. 

At Loulhy 4, the bottom of the dip, there Is the high.,,,, ol the glarul 
mehh'tller dtanncls al 4001n whl.+rl"! the w11te:r hm; taken ndv.-ntage c)( a fauh to 
t!l'Ode the softer shalco a,\d cools below the Helf"---! Edge Roel< Fro.m this point 
could b-c s12-c.-n In the eost the Lower Coal Measu.res of the-hills above lhe 
Whitworth vaHi.7, Brown Wnrd4 .. nnd Ru.shy Hill; ,,,1hlbt to the west ls Knc,wle 
Hill where Lower Cool Me.,sures are expooed on the dlp •lope of LI><' Rough Ro<ck 
<oppmx.lmately 5• SE). 

1\1 the bottom of the dlp where a p.,lh crosses rhe ro11d there 15 a small 
,,xposure of lhe Woodhl'l1d Hill Rod. Loullly S is a few yards to the south--east­
At th.is point there ;,re stg1\S of odlts having been driven into the hillside, 
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(,pparently to extr-'Ct the Lower Mountain Mine which was of considerable 
economic hnpc,rtance in th~ district. The Lower Foot Min~ did not have the same 
vnlu1:.• a11d ha~ lht·refore been left. h is exposed nt.>ar the lop of the fac~ a.nd on the 
mounds ill front. There is about a fool of coal sti11 to be seen, with its seat earth. 
Below this arc about 2 metres of sandy shale; this band containing tllrbonlcolrr. 
The B.1SS<'y Min~ i;hould Ji<~ ~vme\vhere beJow at the foot of the slope.. But only 
.rn ii'i'ln·rich St.-ep<1gc can be S<.>cn although this is characteristic of the &ssey Mine. 
It wns knc)wn in the dh;trict a:,. the Dirty Yard Mine and is said by Wright 2 not to 
h,wc been worked. But looking at the ground, there are all the signs of its having 
lx.-en extracted here and a little further roUlld the Mllsjde on WJndy 1-lilJock. 

loc.dily 6 was Rixidys:horo who.rQ lh., Upper Foot Min<J or Bullion Mine is 
l~xposed hall w.ly up a steep cliff. The shales ab(l\le thi~ ar~ highly fossiliferous 
with (l rich fauna including 8i1Slrioc~m,s Ustcri. Unfortunately, ho\•oever, these 
shak"S <1rc highly weathered ;md only fragments were found, with one specimen 
ui an orthorone nautiJoid. The general appearance of the diJf1 and the debris at 
iL~ foot, gnve us the impression lhat it had perhaps been formed hy il landslip. 

From here it w<1s intended to visit Locality 7 where there is ;u,other fault 
which ,1llows the Rough Rock lo outcrop, and Loc.ality 8 (Ding Quarry) where the 
1-fasHngdcn Aags were both qua.rriOO .,nd mln.:.'<1. But in view uf the weather it 
was decid.:.->d not to v~nture acr1)SS the Opt>n moorl..mds. 

Instead the party walked directly to B,igden Quarry. Locality 9. This 
t1uarry is also in the Haslingden flags but has all the ap~:irance of having lx!en 
"bandoned in a hurry. Th.tr(! a.re rtao,stones all stacked up rtS though ready for 
Lti;t?. It i.s p<>ssible to traet: the different beds of rock ~nd see how their lithology 
has m,,de them suitable for the different applications. 

Loc.tlity 10 Wta.s visited on the return journey :md just under the Top c,f 
Pike. Al this point coa14b:~aring spoil heaps have set on fire and left large lumps 
ol sh.'ll~, !urned red and glued together by the burning of the tars. 
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BOOK REVIEW 

GEOLOGY OF ENGLAND ANO WALES 

Edited by P. McL Dull and A. J. Smllh 
The Geological Society of London 1W2. 651 pp. £34 Soflback. 

Thi~ book has been written by no fewer than tv.·enty h .. ·o authors., all well 
k,,own geologists of stature with varying aco.dem,c and industrial backgrow!ds. 
The text covers the stratigraphy or England and Wales from the Prec.unbrian to 
the Quaternary, the igneous rocks, geological structure, d..,p geology ond 
economic geology. It also cove,s the offshore grology of England and Wales, on 
important fe.1ture omitted from the book's tille. This is .surprising in vie\,, of the 
,,Hal economic role these offshore areas have ployed and still play for lhe Unitro 
Kingdom a..-. a whole. 

The book claims to present lhe geology of England and Wales "particulatly 
in a stratigraphical context"' This statement J took as a health warning and 
indeed in various places in the book (especially in lhe earlier chapters) there are 
tracts of tc.'1 hea,iiy loaded with rock fonn.,tion names and fortified with long 
lists of fossils. Such le><ts reminded me of papers I was obliged to read some forty 
years ago as an undergraduate student. However, els<!where in the book the text 
comes to life with discussions of depositional environments, radiometric dating, 
plate tectonic setnngs, structure, mineralisation. and otber aspects ol geology 
which have come to the fore in recent years. Of course. Vlrilh so many authm'$.. I.he 
approach taken is bound to be varied. This, combined with the broad range or 
readership rargetted (practically anyone with a geological interest, lo judge from 
the blurb cm the hook's co"·er) \<\Tt1.1 ensure that reactions to Lhe book. will be 
mixed. 

A feature of this book lhat needs to be emphasised is its value as• guide to 

recent literature on the geology of England and Wale,; (and adjacent o!fshore 
areas). \\'hatever the approach taken by individual ,uthors. all have made 
rclcrence to recent work in their chosen a.ri'las. nus is the book to look up the 
answers to those geological questio11s to which you know there is an 111\S,,w but 
Olll.OOt rerollert where the answer was published.. 

The layout of the book is generally attractive. In the copy I hav• seen the 
text on som~ pages was une\'en to the, exhmt that some lines, even paragraphs, 
appear to have lx-;,n set in bold type. The dlai;rams and photognphs are 
numerous and generally exccllcnt. Figure 19.1 appe.trs to have """1 lost. There 
is an index. 

For a book of this scope and size (651 pages) the price of £34 is more lhoo 

97 



 

 

r"'501"1ble. The book is a 'good buy' if you an afford it. If not. 111<,n every effort 
should be made to persuade all &,ends, rolle•gues and libraries to buy the book 
and then hope that you can borrow it in the future. 

Fn!d llroodnursl 

FOR YOUR LIBRARY UST OR BOOKSHELF 

G. Y. Cr•ig ed. 199L Geology of Srolla.nd. Third edition. Geologlul Society 
of London. pp608. £29. Softback. 

A new edition of this classic work. Several new authu~ and rewntten 
• chapter,; b, a volume one-third larger than the sea:md edition. May seem pncy 

but still excellent value. 

Staffordshire Wildlife Trusl. 1992. Brown En.d Qu•ny Ccologk,al N.i;ture 
Reserve. 

The offioal guide to this new SSSI produ«'d with tht! help and guidanre of 
the North :bffs Croup or ti,e Geologim' Association. A,·ailab1" from the Trust, 
FttqX>SI, Stafford STI 8 OBR. £1 post fn,e. 

R. M, C. Eagu and f, W, Dunning. 1992. The Geologk.ill Column. 7th edition 
(ttvised). Ava.Hahl• from Printgu.ide ltd, Southmoo.r Ro.,:d, \Vylhe.n.shawe, 
Mandi .. t,r M23 9Nll. 95p plus 18p postag,. 

A new edition of this invalUJ1ble lilt!" pubbcation with six J>,1Dcls • cblcl 
div;sions ol grological time; plate IJ!ctonic processes: major mounlain-makinti 
movements; palaoodimah.!s; stages in ptanL evolution: L"'-'Olution of animal life. 

The Geologists' Assoc-Li.lion Guidos 
Guides still availabh, indude the L.oke District, the Yorkshire Coast, The 

Manchester area. Look out in 1993 for - the Isle ol Man (Tr..-.-or Ford), the D<,rsct 
Coast (n>l'ised 2nd edition by M R. House). Also, we are told, 'Iceland' and 
Cyprus' are on the horiz.on. 

P. M<L Duff ed. J.993. Holntos' Principles ol Physic.ill Geology. Fourth edition. 
Cb•pman and Halt. pp79l. Softbuk 04.95. 

Still surely the be$t introduction to the Earth Sciences fur the Thinking 
P......,n. Sticks pretty dosely to the dtaptcr layout of the earlier editions but 
e..tensively revised and brought up lo date by a team of conlributors (mostly 
from Edinburgh University). 'Susp,.-ct terranes' and 'mantle plumes' find a place, 
and 1'urther Reading' includes 1992 re/erences. Many new illustrations, some in 
colour. \Veighs over 6lbs and .so 15 not suitable for reading in your ba:thJ 

98 



 

 

PROCEEDINGS OF THI! LIVERPOOL CEOLOCICAI. SOCIETY 

199ll'n. U3RD SESSION 

1991 
Oct. 15 • The Pre,ldcntlal Addr~• by Or. Rodney Wright. "Tertiary 

VolcaN><'S ol the Hebrides'. Hon. Treosurer's and Hon. Secrebuy·• 
R<.'J"'rl>-. 

Oct. ?J Llimgollcn with Philip Phillips. 

O<t. 29 The Distinguished Visitor's Addn,ss - 'Scdim;,nt Calibre: the link 
between Cbshc Depos1110MI Systems. Are there MoaosylltemST by 
Harold G. Rc.,dlng. 

:-lo,•. U • The N•h•asha Volcanic Complex. Kenva Rill Valley. hot, flushed 
and ready 10 gor by Ray MacDonald. 

Nov. 19 - Practical Session at U,·crpool Polyt,chnlc on Geologic.ti Maps with 
Joe Crossley and 1-Lucl Oark. 

Dec.3 

Dec.10 

1992 
Jan. 21 

Fcl>. 18 

Feb. 22 

Mar 8 

Mar.10 

'The DevcnslAn S<age • an Update· by Professor P«er Worsley. 

The Geology of French \Vine' with Geo!f T reslse. 

'Mersey Barnge Geology' by 8mm O'Connor', • Joint Meeting wilh 
the N. IV. Regional group ol The Geological Society. 

'Belemmtes· by Simon Mitchell 

- The Society Dinner at the Bluecoat Cafe Bar. 

'Storm Deposits' by Joe Crossley 

Practical Session at Liverpool Museum on Multil!1<!dla Geology with 
Philip Phillips. 

Alderley l!dge wllh Tony Brow,,e. 

Mount Etna' by Mid \Vrig)IL 

Mar. 1>-16- North Yorkshire with Joe ero..Iey. Ha,:cl Oark and Rld\ard Pepper. 
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• 

Mar. 2◄ • ·M1croseismk Monitonng • il Too1 for Predicting Cacastrophic 
F•llures In c;._...,1og1ca1 Co<ltm' by Peter Styles 

May 17 Mopping in North St<lffordshJn, with Chris Hunt and Hazel Clark. 

Jun. 23 Th11rs1Mton Counuy ParL and the Oungl'Oft with Phlbp Phllllpo. 

Jul. 5 The Tom. New MtUs with D,......,k 8rumhead. 

Jul. 25 Ra~enhe.>d (Sts•t.'tlcy) Brick..,'Orks, Uphotl.and ,..ith Haul O.rk. 

Sep. 27 Loggerheads with Chris Poul. 

OC6«:D and Mcroben of Coundl • 1.3lrd $fflim 
PttSidrnt • Dr. R. C. Wnght. M.A .. D.Phll. 
1:A-PrHid•nt • Prof A. L Hanis, B.SC., Ph.D., M I. Geot, F.G.S. 
v;.., PrHident. Mrs. H. o.,.;,,s, M.A. 
Hon .. Secr,t•ry • J. D. Cro,,~ry, B.5c,, C<-t1 l!d .. M.I. C.."'1., F.G.S. 
Hon ADL Sttrelary • Mrs. J. V. White 
Hon. Tr .. sum • G W. RowlAnd, M.t.M.8.M 
Hon. As•L Treuurer • Mlso E. M. &llcy 
Hon. Editor (Ceol JoumoU - Dr. P. J. Brenchley, M.A. Ph.D. 
Hon. Edlton (N.W. Geologist)· N. C. Hunt, 8.&I. & T. Me«Alfe, 8.A. 
Hon. Ubrorl•n • M,._ L Rimm<..-, A.R.LC. 
Hon. mURion S..etttary • Miss Ii. E. Clark. B.SC., MSc., AJ-U C.01 
Hon. T, .. sult'r Special wu .. Fund •C.C. liar<!CTI, LD.S. 
Uon. Atthivl>I • P. W. PhDbps, B.SC., A.M.A, 

COUNOL 

L J tl.,xter, 8.A 
Mrs. D. Bowrodr. 
N.lurrison 
Miss 8. Jont.'S 
A~Clark 

Mcmbmbip on lOth Stptrmbcr 1992.-.. 

Mrs. A F.llis. 
Mrs. M. E. WiUJoms, 11.S<., Cen l!d. 
C. R. C. l'•ul, M.A.. Ph.D. 
C.Rl&by 
D L. Will,.amj,. 8.S.:-

212 Ordinary Members, 43 StudCIII Members, 5 Honorary Members And 3 Llfo 
Members· Tot,tl • 263 
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Th• Lh"'PO"I Grologiml Soc:u,ty l'nxos for General ExceUence in th<, Univcnity 
of Liverpool, Grology, Physical C<'Ology and Cwmorphology and Coophy<lcs 
Hlltl<tW'!i Degree Flnals were ,-,r.,rdoo to:-
A. Llnd, D. Sherwin and M. J Oppenheim , .. pecti,•cly; in tho Lh·•rp""I 
Polytecluiic Miss C. J. Whitmore for General ExccU•nce in the C.N.A.A. E.u-lh 
Sdenae Hon<lWS Degree Flrols. 

J.D.Cro,,sley 
(Honorary S..'Creury) 

PROCEEDINGS OF THE MANCHESTIR GEOLOGICAL ASSOCIATION • 

1991 
Apr.24 

Apr.27 

Moy 12 

Jun.9 

Jul. 13 

Sep. II 

Sep.14 

Sep. 29 

Oct. 6 

Oct.9 

1991-1992 • S<soion 

'Conversazio~• with an exhiblUou of mi:nernl~ by Jim Fmnds. 

Field excursion to examine Namurian a.nd Westphalian .strata north 
of Bolton• KMn Raley. 

Field excursion to exomine the Lower Co-al M£asu.tes :,ucccs.slon m 
Lyme Park, Dlsloy • Elaine Walk~,. 

Field excursion with OUCS (NW Branch) lo lhe Notional Stone 
Centre at W-1rl<sworth. 

Field e,ccunfon to =tmlne the New Red Sandstone of the Wmal at 
MJU Rood cutting - Dr. Tim Robin.<on, 

Indoor meeting on 'Mmerals" by Jim ~ronas. 

Annual Dinner of the Assodalion at Hulme Hall 
Guest of Honour: Pro(essor Charles Curll,. 

Ficld exc;urslon to cx.1m1m.• the Pleistocene deposits of Cheshire -
Dr. Elizabeth Oldfield. 

Field excursion to examine the quarries and building stones in Md 
around Macdesficld • Dr. Fred BroodhursL 

'Changing climates of lho geologlal pa,;L Do they $hed light on our 
pn.-sent conc•rnsr - Dr. Fred Broadhu_r$t. (A joint kcture with lhc 
Mnnch .. ter Brooch o( the G«,gmphla,J A.$50<1ati0n). 
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• 

Nov. 13 .. 'Dynamk Ireland: gt.-ology .1nd geomorphology' .. A. C Btmfield of 
Univeffl.ity o( Hull. 

Dcc.11 "Upper Cotbonifemu.s marine lnmsg:re,;!tions and Lheir deposits' • 
Dr. J. Maynord or Univorsity of Leedo. 

1992 
Jan. 15 'Tin mining in Cornwall and Thailand: contrMdng cultu.r(,s tnckfo 

t-imilar geology'• OT, O. Manning, Un.ivers.ity of Manchester. 

Feb. 12 Annw>l General Meeting and Ptcsidential Addn.>s• 
by Dr. Paul Selden· 'fossU Spiders'. 

Mar. 11 'The tedonics of mountnin belts in central Asia' - Dr. M. AHcn of 
University of Leicester. 

OUiccn and Mentbm of ColUldl 
frcsJdc.nt • P. A. Selden, 6.SC., Ph. .. D. 
Vic~Presidt-nls • A. E. Adnms., B.A., Ph.D. 

• D. C. Amott, M.B.A. 
Hon. Sectttary • D. D. Brumhead, M.A., M.Ed. 
Ron. Treasurer• G. M. Henderson 
Hon .. Excu.rsfon SeO"etuy • NoJ'D'W; Rolhwcll, B.A. 
Hon. Edilors tG•oL Jownall • K. M. C. Eagar, M.A., Ph.D., D.Sc . 

• A. I!. Adams, B.A.. Ph.D. 
Hon. Edllors (Th• North w .. t c .. logi•ll • G. D. Miller, B.A. 

• Sheila Owen, B.A. 
Hon~ Librarian - M. T. Elsworth 
Hon.. Auditor - 6. Foster M.A. 

R. Clarkson 
J. Nudds, B.Sc., Ph.D. 
J. E. Slddclly, B.Sc . 
J. Spencer, B.SC. 
D. Wilde, B.Sc. (EJ>g.) 

'.\-1<:mbtrshlp Sprin8 1993 

W. A. lwnnett, B.Sc. 
J. A. M<:Curdy, M.E.ng. 
J. Stopforth, M.Ed. 
Betty Whitehead, B.SC. 
President of University or Manchester 
Geological Society (Ex 0/Ado) 

lijl Ordinary Members, 19 Student Mombcrs and 4 Honorary MemL-er, • 
Total• 204. 

102 



 

 

• 
• 



 

 



 

l 

j 
• 

' 




