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Editorial 
We <>re pleased to present to you the first North West Geologist. Thi<· 

thc_la~t stage 1n ,, numb!!f of changes th.c1t ha~c taken place over recent iss~1!5 

of th1..: ';ff1atcu~ Ccolog1st such ,1s the 1nclus1on of "In Brier•, "Conscrvali;a~ 
Corner, etc., 1n an attempt to make the publication more appcalu,g 1 members. ' o 

. It ha~ been suggested to the editors that the word "Amateur" had 
rnapP.ropnate connotat1ons, and was not cncourasing to potential 
contnbutors, Howcv<;r, the change to "North West Geologist" docs not im j 
nny chnnge in the policy to encourage "non-professional gcologi .t" memb~(s 
of both the LGS and MGA to be the main contributors to t~is publication. 

!he new title, we hopl', will emphasize the regional nature of many of 
the articles. 

The la~t AG bade you forew~ll with a very div~rsc range of subjects. 
The NWG r~se~ fr~rn the ashes _with an equally diverse range including, 
Meth~ne, 1 1syros in the Creek islands, the Stiperstones Qunrtzitc, and a 
selection of guides/walks from the North West to Pembrokeshire. 

. VVe have alm~st run _out of Museums to report on so we have maybe a 
fi.ni1l report, for the time being, on Manchester, Derby and Clitheroc. 

We include a detailed run-down on Earth Science courses at the 
University of Liverpool and at the same time invite nil other institutions in 
the region to provide us with the same for subsequent issues. 

As always we invite your contributions and suggestions. 

N. C. Hunt 
H. Davies 

Spring 1991 

G.D.Millcr 
Sheila Owen 

Notes for Authors 
Articles and suggestions for future issues should be sent lo either 

N. C. Hunt, Department of Earth Sciences, The University, Liverpool 
L69 38X; or to G. D. Miller, Oaklea, Diglee Road, Furness Vale, via ~tockport 
SK12 7PIV. Articles should be typewritten and _up to 3,000 words m length. 
Figures should be designed for reduction to fit a maximum frame size of 
180mm x 12511,m. 

U.1ck Numbers of the Am.1tcur Geologist 
Lirnited stocks of most previous issues arc _held in M,u~ch~stcr .1nd 

Liverpool, and copies (at modest prices) can be obtamcd by application to the 
editors. 

Back issues of Gcolopic.11 Journ.11 
Stocks of back issues of the Geological Jou ma I up 10 1980 ,,,.., now hdd 

in Liverpool and arc no longer av;ulabll' Trom the publishers. 

The price is £5 per copy inc. _p&p an_d enguincs shou~d be dirL~tcd to 
Mr. N. C. Hunt, Dept. of Earth Science, Liverpool University, PO ~ox 1-l7, 
Liverpool L69 3DX. Cheques p,y,blc to 17,c Liverpool Gcolog,cal Society 
The following issues are avail:ible:-

1966 Volume I P.ul 6 1976 Volume 11 Part I 
1967 Volume 2 P,ut 3 1976 Volume 11 PJrt 2 
1969 Volume 4 Part2 1977 Volume 12 Part I 
1970 Volume 5 Part I 1977 Volume 12 Part 2 
1970 Volume 5 P.irt2 1978 Volume 13 Part t 
1971 Volume 6 Part I 1978 Volume 13 Part 2 
1973 Volume 8 Pc1rt I 1979 Volume 14 Part l 
1974 Volume 9 Part l 1979 Volume 14 Part 2 
1974 Volume 9 Part 2 
1975 Volume 10 P;irt I 
1975 Volume 10 Part 2 



IN BRIEF. ..... 

Radon-puzzles and problems 
Compared lo volcanic emptions, earthquakes and landslides rad 

~m1ss1onc, would appear to con:,t1tutc a relntiv(."ly minor r~blc on 
Neverthele:,s homes in mi1ny p~ub of Britain are more likely to be threaten:~ 
by them than by the maJor geolog1cal hazard,. r\ gaseous radioacth·e 
clement, radon has thrc~ naturally occurring isotopes of which the most 
unportanl, r.1don 222, oc~rs 111 the U238 decay series. R.,clon itself decays lo 
form short-hwd rad1oact1vc particle, which readily disperse in the air b, t 
can beco~,c concentrated within bu1IJini;,. Inhaled, they are belie~ed t~ 
c~1use vanous type~ of CJnccr and lcukacm,a. 

ldenllfymg Jn•a, particularly at nsl,. from radon embsions is one of the 
many_respons1b1htie, of the N,111onal Rad1ological Protection 80<1rd. The 
Boards 'tun cy~ hc1vc shown that the highest rndoor concentr.1tions nre in 
~or!l\' 1

i.11l c.lnd D~vo!1, an_d arc JS:,?cii1tcd there_ with t,hc large grnnitc 
mtru::.1ons and \ cm'i m ad1,1cent scd11ncn1s. Gran1lc!t enriched in ur11nium 
may abo be n!!:ipons1blc for above average radon concentrations in parts of 
the H1ghlancb and qran)pian Regions or·scotland, south-west Scotland, the 
Bord_ers and Cumbrrn. fhere 1s, however, a good dc~il of vnriation in the 
ur.inmm content of the differl!nt granites, and the Board's conclusion is that 
ma1or faulting and fraclunng is a pre-requisite for higher radon 
concentrat10ns 

~part from the .granite areas, above nvc.,raJ:;e radon concentrations (,re 
found m parts of C11thness and Sutherland, Derbyshire, Norlhants and 
Somerset. In Ca1thn~s-s and S~1thcrl;rnd thc:y are associated with uranifcrous 
pho,phahc hon,ons m the Middle Old Red Sandstone. In Derbyshire they 
may b~ expltuned by ur,1111fcrous phosphatic layers in both Viscan and 
l amunan ~tr~1ta. These occur, for example, at 1r1c top of reef limestones 
around Ca,tlcton and l'.,rl,.house Hill. fn the , amurian they have been 
found, together with fish remains, in the Ela shales of a number of boreholes -
al Castleton, \VJrdlow Mires, Long Rake and Coast Rake, and around 
t\shovcr. Tlw Nortlrnnb rndon conccntrillions have recently been traced to a 
pho~phatc pebble layer bcrwath the irOn4-tone. Somerset remains c1 mystery -
the Rhact1c Done Ded, perhaps/ 

Land ahoy! 
\Vhcn did animal:, fir,t invade the land? The answer may well have 

been fo.und by a te,,m of three-Andrew Jeram (formerly Manchester 
Um\'er-.lly), P!1ul Selden (~1.inchester U111\'~r:,ity and one of our contributors) 
J~d Dianne 

1
1·dward, (Uni\ ersity of \V,1Jc;,, Cnrdiff). In 'Science" (vol 250, 

~o,ember -nd,. 1990) lhey reported the discovery of the remains of a 
brnmtt\l:' arJchnid and ~1t lca!>t two types of centipede in the ludlow Done 

'-'d Member di the well-known e>.P.usurt.? in Ludford Lane, Ludlow. The 
.lrlhror,od rl.'mam:, \,·ere found in a s1Jt-,tonc hori.wn at the top of the Silurian 
(41_➔X A), together with f1'ih rcmJin'i, fragmenls of ,,qua tic scorpions, 
nl\ napod,, <lll) plend, ,,nd plants. All 1he evidence points lo the spider and 
Ccn~i~cde-. bcmg lerre,trial .in1mc1J, They were prcclJtor; and prob,1bly lived 
on n en l'Mher insecb which an:-still to be discovered. 

Still Saving our sections 
There have been encour,,b,;ng de, l'iupments al the two ,1tes reported 

upon in prcv1ou~ issues of the Am,1teur G'-•orogi...i I he Nat1011,1I Stone Ccnln.' 
at \Virksworth, Derbyshire, opened I.1st year .111d offers silt• tr,,ils, the 'Story of 
Stone' exhib1t1on ;rnd ., shop (with 1rnner.,I .,pl!omcns). $1ILhltcd in Po_rtcr 
Lane off the 85035 Cromford-Ashbourne ro,1d, the Centre cJn be , is1tcu 
between 10am and 5pm, from Easter to the end of October, with limited 
opening from t ovcmber to M,1rch. 

At Drown End Quilrry, Staffordshin:, J g.ih.· .1nd ~tlll• h~1ve been erected 
at the entrance, with ~1 post and r,111 fence 111 the qu,irry tu d1'icour.1gc v1,1tor-, 
from approaching loo closely to the f.ice (li,1bh• to rock f,,lb). 1 lus work was 
earned out - without charge- b)I Olue Circle lnclu,tnes, the comp,iny that ,1bo 
cleared the Cauldron Railway Cuttmg 5551 Tc,t and ,,rtwnrl,. for ,1 booklet 
and interpretative Slb'TIS hilve been completed, ,1nd .ipplic(ttion for pcrnw,:,1on 
lo erect the signs h,1s been made to the Pe.1k P.irk l'l,mning llo,ml. i\n official 
opening ceremony will be staged-hopefully in 1991. 

Many LGS and MGA members Will h,we happy memories o( field 
strips to the richly foss11iforous Frodmgham lron~lone open c,1st mm~, near 
Scunthorpe. Only one quarry wa, still workmi; (for land rcclamahon fill) 111 
1990. When this closes whal will h,1ppen to the old mine workmgs? 1\-lore 
landfill sites? There will surely be wide support for the rJc,, by Simon Knill 
of Scunthorpe Museum (Geology Today, vof 6, number •I) for the preservation 
of at least the most rewarding exposures for future geologist,. 

Further Wing Spreading 
'Westward Ho!' seems to be the slogan for geolog1cal globe trotter, this 

year. No lc:,s than four expeditions to North Amcricl, arc planned • the 
Geologists" Association (American West, May), Manchester Department of 
Extra-Mural Studies (South-West USA, June), Bristol Department of Adult 
Education (Western Canada, July) and Sheffield Divi>1on of Continuing 
Education (Antona, September). Iceland offer, three possibilities with the 
Field Studies Council trip m July, Bristol's III August anJ Sheffield's in 
Scpternbcr. Exotic newcomers to the list of Vl'nucs .1rc Tenerifc (Durham 
Department of Adult and Continuing Educ.,tion) in February, Indonesia 
(Sheffield, r\pril and May), .ind Nepal (Durh,1n1 a1;pin. March/ r\pril). 
Repeats by poeul.ir demand include the r\zores (Field Stud1c, Council, May) 
,ind Santorini (llristol, September). 

Nearer home, Scotland seems to be lhc most popular choice with 
for,1ys in the Norlh-\Vest (LGS 111 March and 13ristol in June), in the Outer 
Hebrides (Sheffield, May) and i\rdnamurchan (Liverpool Department of 
Continuing Education, May). Sheffield also offer the Kingdom of Fife in 
August, including "the aga1es of the r\ngus coast and the sarrets of Elie" 
(something odd there surely!). You can go to 1.he Channel Isles w1.th 
Nottingham Department of r\dult Eclucahon 111 Apnl, and lo Cornwall with 
Durham in May. And across the water the :~est coast of the Republic of 
Ireland can be visited with llri,tol m May, Shetfield/Southampton m June, or 
the Field Studies Council in July. 

Tempting as all these ventures ar_e,. pro pectivc tr~vellers can be 
forgiven for some anxiety about the po,sib1fity of cancellations due to the 



l.ick of ,ufhc1cnl ,1pphcJnls These seem lo have become more frequent m the 
l'1,t h,o \~ilr-. with cxcur:,1on<t to Am1oncil, HJwa1i, Caen .1nd l"r,1cl Jmons-,1 
the ca,uallles Arc there now too many suppliers. Adult Education 
dep.irtmcnts, the Open Univcr>1tv and other geological societies, Jnd 
speci.1h,1 tour companies • for the ,wa,lablc dcm,1nd? Or ,,re on0Jllonary 
pn,,.,urc, lo bl,1mc • nsmg co,ts and dm11mshing incomes? It might help, of 
course, 1f clashl·S of ,·enue, and date, could be prcwntcd by some form of 
ccntr~,l coordinJhnb body. But 1hat1 we fc~u, i~ a vain hope 

lnfl~1lion ,•~n,u-. communicJlion ag.,in 
. In the la,t ,,,uc of the Am,11e11r Geologist we applauded the Geological 
Sococty of london', 1111l1alivc in leading the campaign for cheaper E:1rth 
Sul'nc~ pubhL.1t1<m..,. One ,tuthor ell lca,;;,t hJ, t,,ken a <;;im1l,1r ,tcp ,lnd has 
bl."COme ht"' OKn pubh!,h~r• 
John Rol'<'rt, (author of 'The \l,ianollJn focld Gu,de lo Gcologoc,11 Stnoctures', 
n,•~ ll'\\'Cd in tl~t' ,,,rnc 1s,uc) lhh done th~., with hi-, new ftl'ld guidl·, 'I h~hland 
G~olog\' lra1I ., llu, w1l1 tr..11hport you instruct1vrly from lnve-rnl''' to Cape 
I\ r,1th, "" lo IJIIJpool and ton,lly 1<1 Ot,,m (\\ here we met him on Kcrrcr,1, 
bc,tndong the f,unous DJlr,Hloan • ORS unconformity) Copies c,,n be 
obtaoned by po,1 from Strathlonguc Press, Tongue b\' Lairg, Sutherland, 
IV 17 I\ I Poc~el ,,Led, J 16 page,, proce [4.95 (including pac~mg and 
po,t,1ge) 

Go by rail? 
A, 'ft1,1rrv ,rcliOn'- di,,1pp1!ar under mountains of refuse and modern 

motor 1r,1f 1c m.i~c, road"d,• c,po,urc~ 10 hJ-'<ordou,, why not take to the 
ri1ilw,n•, 1tgJan1 1 here must b'-' hundreds of good cutting ,ection.,, and 
lhrou~h lht• UGS has co-.rcJ ,,II of them, many would repay rc-c,,monatoon -
p,1r11cul,1rly for tr;1ce fos-,1b which 1:arl1cr Memoirs m.1y hil\ll' 1gnorcJ. 
13et.-'Clung, mad~ ,1 conlnbution - w11m~,, lhl' cap1tc.1I lrave~ from the A'"-bi.m 
1hrou1:h lo the '\.'amunan provided by the clo,oni; of the Uuxton-~f.tllock lone 
111 lhl1 r\ 1.1l.. 01.:,tnct ~1on.'O\Cr .. culling~ in the !,,LIi"\ iving hnl~ ure not tot.1lly 
out of n•.1ch ,\ Jo.1t'n ye.u, _,1go ont.• of our correspondent-, noticed that ~1 
stretch uf the ~1.rnt·hesler lo Shcff,clJ lone would be closed 10 ,111 traff,c for 
-cwr,11 hours 011 Sund,1y, So he ,opplocd to Rroto,h Rail (Public l(elahon,) for 
lwrm1,,1on to ('\,1mml~ thl• S,1IL· Grit t:)..pO~Url'"-111 on~ of the cuttings 
lmpo,..,1blc", thl'y ,,11J first of ,111 "\\'e\l• nc,cr <lone 1t bdorc", they .!,aid in 

thl' -,ccond round But (111,11/y they g,IVL' rn; ii Movement Inspector (with 
bowll'r h,11) w,1<; pr\w1ded at ,1 to,1 of t.5-W to w,1tch over our corn.•.,pondent 
,,·ho -,pend J Vl'f} U!,l'lul thn.'l' hour-; on the e,po~urrs in h,~ ronipJny 

Other nwmbcr., uf the LCS .111d ti.tG1\ must )Urely ha\'c v1~ited rililw,,y 
,ectiorh lcgJlly Th,,t excellent htlle guide lo 'Geological Route, arounil 
\\1gJn. pubh,fwJ -,omc }l'~lr"!t tlgo, -.J1cl th.it pcrnw .. sion 10 t.•~arnrnc the Up 
I lolland St,lloon Cullong could be granted lo 'parloes not c,ceedong three 
pt'uplt: I l,1,tt i111) lhrtte of our m'-•mber. ll'"lkd this :>t~1k111ent rl'tcntly7 In 
,1ny L'h·nt, wh) not bJdgcr your F,cur,ion Secrl'IJry into secunns pemw;:,ion 
lor a ftl'ld trip to J lint! clo')eJ ,ll Chnstma, or for eng.mccring worJ... on 
Sund,1y,' \\ h,11,1bout thJI ~up~rb notton1, ,11 Frodsham ,1,111011. 

:\IETI IA E - ITS ORJGh /\ND GLOBAL t,\lf'LICATIONS 

by STEVE IJIRIWISl LE and H<ED BROAD! IUR~ I 

ll1e g..1s melh.l~(' 1<:, found m the -ilnhhpht.'rt', in pon."'-.1nd c~1v111c-. o( 
cn1"'itJI rock.,, in seduncnl~, S\\,1mp,, pc.tl"t ,1ncl JCcumul,11mni; of orgJnic 
mJlll!r a-, in \\ aslc d1,po,al ,1tt!s ,ind 111 "'-'" ,1g~ 1~~1tmC'nt pl.1n1.. fh on,:;m, 
l0<J,1r and 111 the pa,t, os i;enerJlly ,1,,oc1,1k,f wolh tnologocJI ,1t11v11y under 
anaerobic cond,11011> 

Methane Is the lightest member of thl• pt1rc:>ffin ,,·nl'li (r,l1ncr.,I formula 
Cnl l::n.:?; for mt1lhanl' n - I) It I, lolourl('-., ,1nd o<lo11rll'" t\l ,Hmo-,phcric 
pressure ,ind temperature 11 os J gJ,, hi;hter than ,m, and onl) ,loi;h1ly '<•lublc 
m waler. \\'ith mcreac.;mg pre-,.~ure 11s ....olub1lity incrt!,hc .. , .. o lh,11 "•tmricanl 
amounl:, of ffiL•lhane can be d,~..,olvt1d in HWund\\·Jll'r ,it Jt..•£Hh (LJr~on 
1938). Below• l62°C methane" a loquod when 11; dtnso1, "le,s 1l1Jn half thai 
of w,1lcr (0.42). 

I hl' c,1rbon atom!, o( meth,1ne compn">t.' thn.~ h0lope,, lwo ot which, 
carbon-12 an~ c.irbon-13, arc ,table lhe third "olope, cJrbon-14," 
raJ1oac11vc with ~, h11J(.fifr of 55i0 yt'"'lr' .md ,~ dcrl\ l'cl (through pl.mt 
mJlenal) from Cdrbon-l,1 111 the CJrbon J10,1dr u( the ,llmo,phcrl.'. J hi\ 
carbon-14 i, formed by boml,.irdment of ,1lmo,phcroc notrogt·n-14 by 
rad11111011 from SpJcc. ~foth.111c derived from ,rnaent orgJn1c mJll'n,11!, (co.11 
CIC.) 1~ therefore IO\v in C,lrbOn•l4 (v1rt11,1lly ,1ll rcmvv1.•d hv .,pontJnl!ous 
dec,,y), 1vh1l,t methanr gcncr.1tcd from J' ·oung' ori;,moc m.,ttt•r ,, enriched 111 
c.nbon•l4. 1 hl• .,mount of carbon•l 111 ,l nwthane 4,,1mpll' 1.-. thu, .1n 
ind1c.1t1on of the age of the ~urn• 01.,hm~1I Ct1r~ mu!tl bt.• l'\l'ru-.cJ. hO\\L'vcr, 
bl'CJUSl' J mcth.11H? s~1,nplc rnJy be,, m1•durc of 8~"l-.., from mon: than one 
soun.c-. I he situallon b ,11~ mJdc comphcJtcd bec,111-tt' the c..1rbon-l , content 
of the almo:,phen.-mcn ... a)C..-.J m.irl-..1.•tJly dunn1; 1h~ 1950-. MH.J l·.ulv 196()., du1:.• 
to atomic weapon testing. BJ 196-1 lht• c.irbon-14 content of 1he ·,11mosphcre 
wJ, ,1lmost double its le, el 111 1952 (the ye.tr now ,1e<ep1cd a, llw n:forcncc 
d,11c for the carbon-14 content of the ,11mo,pherc). Ne\ rrthcless the c.ubon• 
1-1 component o( meth,1nc ha., be~n of , alue in p111pomting the .. our((• of 
mclh,tnc In the c,1se of the Abbc),ICJd do-.,stcr on MJy, 198-1, (I le.11th and 
Safety Exenotove, 1985) the low cMbon-14 content of mclh,rnc ondocalcd .in 

'iindent' !tOUrcc as predom111ant, .rnd the local c,irbomforou~ rock~ Wl'rc 
1mploca1cJ as the source of the g,is. On the other hand ,1 higher c,ubon-14 
content of mc1h,1ne ond1c,11cd ,, '}outhful' source for 1h,• ga, wliich c,,u't.-d the 
e,plosoon Jl LOSCO<', Ocrb),lurc, on ,\IJrch, 1986 (Derbyslurc Count} Counol, 
1988) In th" CJ,c mclhJnt· gcncr,lled rn J landfill "le m1gr.1tetl l,1terJII) 
underground to re.Jch .:i hou~mg L°Sl,lh..' Jnd 1h 1gnition c..1u..,cJ the dt.>::,ln1tt1on 
of ,1 bungalow. 

l\ll'lhanc 13-JS~ociatcd with COJI bed'i. \Vhen n-11,eJ \\ 1th ,llr an mine:, 
th,., mclhane fonns 'fircdJm~ which become:,, fl,1mmJblc whL·n 1he llH!lh,,nt.• 
ranges i,ct1,een 5% and 15, bv ,olume (the ilammabohty hmot,'). The 
mi,turc become, v1oil'nllv cxplo,ovc \\ hen methane form, 9-10', of the 
mixture. Gr(l,11 loss of Ide h,1' been cau,cd in coal lllHh."'S by firt!damp 
explosions. Ju!,l before Chn..,tm,h 1910 no fewer than 34.J rn1nt!r, \\l'rt! }Jlk•d 
,h J result of,, 'firedamp' 1!\plo'i10n ,11 l'retoriJ Pit, nc,u \\'c-..1houghto11, 
Lancashire M11..t the consequent tire, (RedmJyne and Pope, 1911). The 



'f1r1.·J,1mr' n:h.•,, .... L,J b\ coJI ,, •" forml'd ,1ppM('ntly, by th~ prOCl'''-l'' nwnlvcd 
in co.1lifll,ll1un (1 '-' in tht..• tr.1n,lurm,H1on of peat lo co.11 b\ heat Jnd 
prl·,,urd I )u· .•~·" i-. held b} ,llhorpllnn on internal m1cropore c.urfJC1."'1o in the 
c1>.ll .ind th,• ,1t.-n""1t\ of th1.· .iJ,urb,:J ml'lh~1nl:' c.in .ippro.,ch th.it o( hqU1d 
mdh.in~ IIJrJ, blJd.; 1b1tummou,1 ,0.11,, m theory, can 1d,orb 20 cubic 
mdn·, ul mtthanl' J'l\.'r Ion ol Ctul, or 1X cubu .. : metres per cub1r mt:tn• of co.11 
("<'I.'.' Cn·l.'J\. JQ~h) r1r1.-Jamp an nHnl:', , ... J h.u.uJ .:tnd 1s cl1man.11t:J J'- f,u JCi 
po,,1l-ill· b\ ),;OOd \ l'OlllJhC'n or by 'rl'Cl,11 methane dr.1an.1gt.• ') '''-'Oh («-s
~m,th, IY,.2) !1-4> th.,t thl' ~·" mo,tly t·nJ-. up in thl• atmo..,phcn.1o \ft:ll1-1nc ,s 
nu,, produu·J tor had d1rt.·i.:ll'( I rum bofl•hol\!<:> drilled mto cu.ii , ... •,1n1-t, 
nol,lbl~· in llw USt\ Pro,pl'1.:h o (urtlu:r dl·,dopml:'nt of this ml'lhJnl• ,ourcc 
Jrl' n•~.mJ'-•,1 ,,.., h11,;hly pronw,ini~ 

',ur£,h.,• ,1'l'PJ~t· ol mdh,uw trom Jb.1ndoned coal m111~ or "-:Jm-, Jt 

,hJIIO\'\ J .. ·pth (Ould be J .. ,~mfu.:.,nl ,ource or meth,1ne ·\ ':>l'Cf',161.' IO 
8Jrn,ll'\ \\ ht"-h hr-.t ,lr('.'Jfl'l' m 1q72 In .1 hOU4-lng estJk '"J' l'\.ll•n,l\dy 
m, l°'ll ·.ttl-J ,c.:\ud,.:n l'l .1I 10~)). II " 1, umduckJ tllat thl! "-<llU'\:l' or the >;J' 
,,.1-. pri 1h.,M~ hum 1..ch1I mc.1 ,un·, .rnJ or ..1bo1ndon~~ minl' ,,orJ..m~-... th1.· 
prt:u--,- nngin l,·in,• unl..nown The tr.,n,port ml'cham~m wa, by nugr.ll1on 
1hrou~h lhc un<ll·rl\lllh md .. ,trJt~, 

I hl' mdh,rnl' fornun1,1 th1..· bull,. ot the n.1turnl ga!) from the h•" hrld, of 
thl' ,outh1.•rn \.forth S1..•,1 ,111110,1 ll'fl,11nly m1srated from LO,d•l·w,1rin8 
\Vl..',tph,111,111 111Lk" lw,wnlh tht: l'l'rllll11n r1.",crvo1r snndstcmct,. Fl.,ewlwrt, 
11.ttur,11 h·i.. (domin,111.•d bv nll.'th,111c) 1, .,..,,oc1ated with oil and 111 1111.., c,,..,l' its 
onl-tlll '" hnJ..,•d to th.it u( lh\.' ml 11 ... t•I(, by lht.• thcm1al breaJ..do" n o( organic 
m.Hh:r (kt iot:t•n) dt.•nH·d lrorn m,innl.' or~.1mr (dominantly alb.II) malll'r 111 
,..,•c.hm,nt 

In aJd111on to mt:lhJnl· proJuu·J b\· proc-1..~~ rel.1ted to co..1hfic.1tion 
..1ncJ J...t.·w~, n-bn·.1J...J,," nan --cJ1ml·nt, 11 h.l, bt."'l?n ,uggested b) ~me worJ...l'r, 
(notJl>I} lh<'m,1, ColJ. e ~ (,old JqSI) th.11 methane trJppe<l on th~ 
pnmoflf1 ,I l .nth , ... nol,· bt·m,.; conlinuou-.ly .._•,pres!tt'd at the• ,uriJCl' Thh 
\It.'''• ht'"-'--'"-'r, 1~ nu1,h.1rt..·J t,\• 111<-hl ~l·•·oh.,~1-.1, 

.\ll'lhJn,· ol mon~ r1.·1.1..·n1 orii;1n (1nJK~1tt~d by_a s1gn1frcdnt t\1rbon•I-I 
,onh.•nl) , .. ,h-.1)\.1,,h•d \\llh lh,· hJcll 1 n,ll dl'COlllJ)(}"hon or organic: m.11ler m 
bo~, ,1nd '"•'mp,J 1.•,p1.'("1,1lh tn th,· n,u1lwm ,ucJs of Canada Jnd S1bt.-n11), 111 
nn· r ,JJ1'-'" .mJ in-.1dt• thl' ,;ut-. ,,1 ,tn1m,ll"t, not.1bh· herb1,·or1..-... '-tUch ,1, lU\'-.., 
\tdh,1n1 ,, ,ll"M.t rnx_h1i;:1..•d t,,- tnlompldt· combu"tllon dunng tht• hummg uf 
, c~.._1.1ti 1, not 1l•h lo1t,t .1m.t ~r.,, ,l,anJ,. ,mJ 10clud1nb com c.tubblc 

I JnJtoll i;,1, "J m"hor,· of Jl'<>Ul 65 methan~ Jnd 35 carbon 
J10\ldl \\1th 11,lH' 1.onu·nlrJhon, of J rJng'- of organic compounJs JnJ l"t 

,uurJtlJ \\llh \\Jll'T ,Jpour (Rn·,. JQ~J) Ti... proJuchon n"\ult, pnnup.1lly 
fr1.>m ,111.wu,b1c mh.:n>b1,1I J1.br,1J.,1,on ol org .. 1111( waste!) ,\·h1ch r,111 1.1,tend 
o\,•r .1 pi.:nod of llllll' in t'\H"' of 15 \l'M, (t h,1c. been calculated that., tonnl' 
h'tJUl\'oll\1 111 IO 1ml) ot hou~huld w.1\t<.• h,1' thl· potential to s~nl.'r,lh.' 40001' o( 
landt,11 ~·" (1(,,,,,, l'l~IJ). 

1.indllll );•"" r,rn 1111gr,1tt• ,1lu11g pl'rmc .. 1ble pathw.,y~, both 11i1tur.il 
fporou 111.1h·r1.1I• or tr.1clurn.l rod,,) .rnd nitln•made (mmc \\'Orkmh,) to 
J1,1 in l of -I lrn unJ._,, ,u1t.1bh.· cond11ions \V1thout propl·r 
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mJnagemcnt the migrJbon ol lamff1ll );11\ cJn give nc.l' to the n.,J.... of fin.• and 
c,plo,1on in n1.•arby building,. undl•r l'rv1c1..·, or ,oiJ., 

\hgr,lhon of the g.1, ·~ cuntrolleJ b\ l'llhcr ,l r,,,"tl\ l.' \l:01111),; tn.:nch, an 
1mpcrmt..·.iblc bJrner, or Jn ,llll\ l' .... ,tr,llhlln ,~..,h:m In lhl' Uh. th1.·rc Jn· "°me 
~O ct1mml•rciJI scheme, which u111t...._, tht.· mcthJnt.· from IJnJf1ll J;J' JS ..in 
cm:rg, '°urcc. It 1s rornm<'nl) u .... .J ., ... '-·1tha J n.·plJll.'llll nt fuel in J bcull"T to 
r.u-..c ,te,1m~ .is duect fu~I m Jn 1nkn, .. ,1 ((\mbu,tion '-'r r,1, turbmt.• t.·n~me lo 
produce cl«tncitv; or burnt d1rl'<.tl) to pro\ldl:' hcJt l'nt.·r~\· In ~t.mcht....,tcr 
thl' IJndfill ~"- uti.lBal1on (i.(hcml' .11 ~.,h c ..... ·n UncJ..., \thwuoJ 1, ,, di known 
Another example ,s thJt of g,•ncrJkd ckttncit, f<-.1 onto th~ N,1t1on,1I Gnd at 
th~ CJrden Fcsto,al 511<, Ottc•r,p<>ol, l.l\'Crf"'OI 

Mcth..1ne in the Jtmo-..ph,·rc ,.., dl:'n,cd partl) from ~1nc1cnt ....c,urcec.. 
,uch ,h cool nun~ (.ibout 20 • ). but mJmly from mon- n.-ccnt lx,cknJI Jcc..i}· 
or org..m1c m.itter An.11)~ of tllr bubbl.,...., trJppt.°J Ill Gnu1l.'"J 11.l:' -.ugg~t 
th.11 the methane conll'fll of the Jtrno,phen, up I<> ,bout :Jl~l ) ,•Jr, Jgo wJs 
con,tant Jl about 0.7 part, p.:r m,11,on Mdhane JdJc<l I<' the Jlmo,phcr., 
from vanou"- source!) l,a~ ..1ppMl'ntly b.1l.1nccd by mt.·th,1ne dt.:,troyl:'d by 
O'-ld,1t1\'t.' processes, ultimately forming r.ubon dm\lde .ind \\,llC'r • th~ 
reaction be,nic: c,prcsscd "mply a- Cl I 1 • W! CO! • 211:U I he Jwrage 
ml'th11nc molecule would hilVt.' h,,d " life time of .1bou1 ll'll yc.u, 111 the 
,1trno~phcrc. I lowever, during thr l'1ghtccn1h ccnlu1y tlnd up to the prt?'>cnt 
tilllt' the ,,mount o( meth,llll' in th\.' .,tmo,phcrc h1H bcl•11 n'\ing ,rn<l now 
.,mount, to 1.3 parts per m1lho11 (~lonre and ~loon•, 1976) I h" suggests, 
strongly, that human act1v1t1l'' hilVl' ,,ddeJ more souru!Ci of nu.•th.1ne to thOSl' 
operating natur.illy. It 1s not )"Cl clear which of the,c "'-'"' ,ourc~~ (fon.--st 
burning, cow~. wa.slc d1.!ipo-..1i; cool mining, naturJI h·'"' li:,1J....,) JTC thl' most 
~•nuus 

Why should increased mdhJnc ,n the Jtmo phcre matter? The maror 
ronccm I) thdt methane~ J 'grt"tnhouse' ga,, 1 e. 1t ,.., trtm"tp.Hcnt to mrommg 
,unhght but opaque to outgoing longer (heat) wa,clcngth, On ,1 molecule 
for molecult.' basis methane 'tr,,p-,' morl:' heat m the ,11mo,phcn.> thiln d0t.-s 
CJrbon d10,ide, but b...--cau~ mclh.Jnc ,., I~\ Jbund,,nt 11, contnbution lo the 
'grccnhuuse effect' is currently about 18'1. comp<1rcd with'\()'' for carbon 
""""le Other contnbutor, include Cft, (chloroOuoru<Jrbons) ,ind water 
vapour The rate of increase of ml•lhanc in the atm,,...phcrc " ill pre..,ent 
greater thJn thJt of c.arbon d10'-ltle ,1nJ "-1thm .i ft!\\' JccJJC", mcth.Jn~ could 
bt."C'ome the predomm.1nt 'grcenhou,e' g,1\ One contcm JI Jlrl-~Cnt ,., that 
"""8 temperatures produced by the 1,-n-cnhou"' effect' '"II not onl)' bnng 
,bout melting of permafrost to rcle,..., methane pn",cntlv tr,ppeJ m the peat 
bog, of the An:t1c but w 111 aho hb,,rJt,• )Cl more mcth.,n~ pn..,.,·ntlv locked on 
the ,cd,ment;, of the Arctic Ocean on the form of mcth,ine hvdratc-s It is 
,,rgued that the me1hane from thcs~ "tourccs woultl IMvc th!! c(frct of 
intcns 1(yrnb the "gn.'l'nhou'il' dfoct'. On the other h,1m.l n,mg tcmpl'r,llurcs 
would 

1
1bo favour bacteri.ll co11;umptio11 o( mclh.1111..• \11 the ,111110-,phere, .ind 

it is r,,r from clear that ovcr,1II rnethnnc h~vi!I~ in the .1tmo,phl.'rt.' would rise. 
\\/hat C1-ln or shoulc.l bl.' dont.' to rcdt.1c1.~ lhl.' cm1,..,lo11, of mcth4,1nc mto 



the atmo,phcrc? The restriction of the use of fossil fuels would not only 
reduce the release of methane to the atmosphere but ,1lso of carbon dioxide 
(by combushon) • thereby ,m~ing a double contribution towards prevention 
of the 'greenhouse effect', Culling back the use of fossil fuels is only possible 
,f the need for energy is itsdf reduced (energy conservation) or if alternahvc 
sources of energy become a,•ailable. The development of geothermal, wind, 
wa,·e and tidal energy on the future is promising and would provide 
electricity. Cxpan,,on of nuclear power 1s unlikely in the light of pa;,t 
e,periencc with its own problems of nuclear waste dic;poc:;,111 not lo mention 
accidents. Fuel, for veluclcs may be produced by the growth of energy crop, 
(biomass) where the CMbon d1ox1de produced by combustion would be 
recycled dunng the growth of ,ubsequent crops l'\lethanc from landfill sites 
and sewage tn,,1tmcnt works could be further used for energy, the resultant 
c.ubon d,o"de being sim,l,,rly r\'C}'clcd. 

l'.lcthane, on the form of natur,11 g,,,, could make its own contnbutoon 
to a reduction of the 'greenhouse effect' if its use were to replace that of coal. 
The generation of a given amount of energy by cumbustion of methane 
produces less carbon d,o.,Je than b)' the combustion of coal. 

In term-, of methane produced from 'youthful' organic sources the 
r~striclion of such prl1cticcs as forest burning would reduce mcthilnc 
cnw:,oe;.Ion<.. l3ut what .1bout the rice padd1e:, ~ .ind those cows? 
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SOME CHARACTERISTICS OF THE 
SOUTH AEGEAN ARC-VOLCANO OF NISYROS 

by WILLIAM TAYLOR and REX N. TAYLOR 

Introduction 
Many travellers are familiar with the volcano of Santorini (sec Thr 

Amateur Geologist, vol XII part I. ph 30-33) in the southern Aegean. Indeed, 
this spectacular geological phenomenon has drawn vast numbers of people 
from all over the world to the detriment of the i.sland's Greek heritage as well 
as its physical splendour. Nisyros offers a less well known but no less 
interesting volcano within the same system. It is readily accessible by vessels 
making a daily round trip from Kardamena on the island of Kos, but it would 
repay a longer e,amination by those seeking an island which has not lost its 
greek cham1 and who look forw.ird to a splendid, Jiving volcan,c landscape. 

Tectonic Setting 
The Balkan, /\cgean and Anatolian microplatcs arc interlocked 

between the maior converging blocks of Africa and Eurasia. The African 
continental plate has been subductcd for at least 26Ma (Spakman et al., 1988) 
and this " reflected 1n vulc,1nism in north and central parts of Greece, the 
Aegean and Turkey. I lowevcr, the currently active area is associated with the 
HeUemc Tnmch ,ubduct1on LOnc which extends around the Ionian Islands, 
W<?l>km Greece, ;outhem Crete and south eastern Rhodes, and into western 
Turkey The subduction has produced the South Aegean Volcanic Arc 
parallel to the I lellcmc Trench and 200 km to the north as shown in Fig. I. 
fhe oldest exposed volcanics are Pliocene in age at 4.4 Ma (Muller ct al., 1979) 
from Aegma in the north west of the arc, but in Nisyros the oldest lavas are 
0.2 Ma (dt Paol,1 1974). Although subduction may have ceased (Wyer~ & 
Barton, 1989), it has been suggested that the Aegean microplate !s being 
obductcd on to the Afncan plate (Li.stcr et al., 1984). Certainly there is ample 
evidence of cuncnt .:tnd recent movement associated with Aegean • AfnC3!1 
plate convergence. ·1111s 1s exhibited as regular tremor, along the Hellenic 
Trench, and ,1lso visibly as ovcrfolded and faulted stral,1 along the southern 
margin of Crete, and a, ,1n array of emergent phenomena. The latter include 
ra1-ed L1//1oplinx11s boreholes ,md wave-cut platforms at Plakias in Crete, 
fo'.'>sihrcrou.:; r.11\cd hl."ach dcpo~its at Tsambika in Rhodes a~ well as the 
spectacular burrow, and CJst, JI Kallithca Thcnnes nearby. 

Geology uf Nisyro, 
Volc,1noc, of the South 1\egcan Arc .ue exclusively calc-alkaline 

(Barton et al., 1983), and Sr-isotope rallo, ,uggest a correlation with crustal 
tlucknc" ,1nd assimilation (Makris 1978; Barton el al., 1983) as lavas have 
nwn frorn the upp1.•r m~rntll.' J fowcver, it has be('n suggested that N,syros 
contain, lava, dew loped at different depths (Wyers and Barton I 989). (See 
•ppcnd1• and Fig 4) 
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The !:leology of Nisyros as :,•ell as the _smaller associa_ted i,lands o~ Yiali, 
Strongili, Perigousa and l'aktil was rlcta1led 111 the first 111:,tanc,c by. d1 Paol,1 
(197-1) who produced a I : 20,000 geological map for the_ I ub!•c Power 
Company of Grt!ecc in connection with g~othcrm~1I stud1c~. Fig. 2 1~ a 
map b,1sccl upon di Pt1ola's work. 

I. 
2. 

3. 

5. 

6. 

Nisyros displays a distinct volcanic stratigraphy outlined below -

Pillow lavas of basil I tic andcsitc forming the basement of the volc,1no. 
Subaerinl basaltic ilndesite flows, dacites, ande.,itcs and pyrocla-,tic 
dcposils. A large rhyodacilL' now led 10 ,1 111as~Ivc outfall of pumice on 
tlw northern slopes to complete this pcnod of activity. 
CaldcrJ collapse leaving an unbrokl•n cr,1tcr ring w1lhout tht.• marine 
inundations of Santorini ,md Malo . 
Secondary dc1cilc lava dome~, cones and now~ developing within the 
western half or the C,tldcra and on the south•wcstern flank~ of the 
volc:1110. 
A phreatic phase in which expJo-.ion cr,1tcrs wen.• formed in the c,1ldera 
floor. 
Continuing gcothcrm,1I activity evident in many p.1rts of the volcano 
(,ind currently the subject of a study by the Universities of Athens and 
Edinburgh). 

Of the four smaller islands grouped <1rnund N1syros, only Yiali is 
accessible, thoush Strongili is readily visible en route from Kard.1mcna lo 
Mandraki. All have volcc1nic prodllCI::, con::,istcnt with the magmatic 
composition of the Ni yros volcano. Stron,;ili is a perfect cone of basic 
c1ndcsilc reaching 125 metres and having J snMIJ ummit cr;iter. Pt1kia and 
Peri,;ousa MC flat lopped islands of porphyritic andesilc, the latter also 
having ,1 p,1rtfal cover of fo siliferous m.irine red scdimC"nts. It is thought 
(di Paola 197~) that the scimitar hapcd island of Yiali is the residual m,1Ss of 
,, collapsed and flooded volcanic centre. The island i; ,;eologic,1lly worth the 
~ffort of reaching it. The \\!CStern part is a spcctncular mass of white pumice 
200 metre~ lh.ick. This is currently bc111g qucJrricd on a larg~ scale for use ,1~ 

au abrasive, as a component in some cement· and waterproof mortars, cJnd ,,s 
an insulating material. Fossiliferous rec( i;.1ndstones and J ~Jndpit link the 
pumice to a crescent of rhyolitic obsidian, the only volcanic glass in the 
N1syros group. The obsidi,111 contains abundant spherulitcs concentrated 
along steeply dipping plJncs of flow-banding. Enclosed within the southern 
bay of Yiali arc flows of b,1sallic andesitc on the small island of t\gios 
t\ntonios. 

IS 
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Pre-Calclcra Formations 

I. ua,altic andesites 

2. 

(J) 

(b) 

(c) 

Pillow la\'aS 
the carltrst crnptl\ l' events, "hid1 form1.·<l the fount.li1tion of tltt' 
cnlirc vole.mo, tlrt.' exposed J"I pillow l.iVtlS at lhl' b,,~I! of thL· 
~torn Spil1ani hc,1dl,1nd tht· minor ptomuntory on it-- 'iOulh 
,,c!ttcm side. Eli..cwhcre on N1:,yro, thi..•1c l1re no p11lo\\ llw,1 .. 

v1s1blt• The pillow!; LJre irregular, l,1cling lhc c-u~pJIC dhp~01dal 
form of r\nglc,cy Jnd D)'led form.1t1un,, thoui;h fracture 
pattern-. .1nd ch.med cont,,ch .Ul\ cvH.lcnl Tlw, nhlY be du~ to tht• 
more cvol\'ed (h1gh~r 510~) magma, which, clue to their 
v1sco-,1ty, form ,horter, e,l'tlly frattured pillow tube~ Thc..,t• 
outcrop, arc a httlt' Jbo\ t.' ,t',1 h!\ l'I c1nd Jrc t·,po,l~d to pn.1, Jlcnt 
nortlwrly storm wave-, and th'-·ar ero~1vc cffoct.:,. 

6,1sic p) roclasb 
Ou,,c an, not n,,1J1ly n,acheJ, ocrnpymi;, a;, they Jo, the outer 
slopes of the ,olcano which arc l,irgely de,01d of lr,1cks TI1cn, 
is a tortuous ro,1d from Nik.1.1 on lhc southen1 nm of the cJ!dera 
to the gho$t porl o( t\vla"-.1 which cro~~cs the~e depo:,1t, clnd 
rcwab i;rey, unconsoLic.lakd ,1<h and pumice J< "ell ,1> c.larl, n,d 
and grey scoria, cspeaally around Ad,11..J 1belf 510111.lr grcv 
ashes Jnd scona Ci1n be setn bdwi:cn tht? Pan,1g1,1:, KyrJ, 
monastery and th<• ea:,l cOil-;t track. 

SubJerial Oows 
D~uk grey nows of the SdmL' composition .1:, th~ p1ll0\V, outcrop 
beside the road from Mandr.,~i port lo the town. I lowcvcr, 
these rocks arc be:,t exposed wh~rt? the nng road h11~ been 
constructed around the upper edge of the town. The,c lav.1, 
contain phcnocrysts of plag1odase (labradontc-bytowmtc), 
olivine anti augitr. 

Pre-cdldera d.1ci1r-s 

These occur prim.1.nly on the northern rim or the aldera, bul then.? arc 
al5o limited exposures in coastal position. The most accessible outcrop 
lies on the coast below the Mandr,1ki-Pah road at While 13each when, 11 
forms the base of the chffs behind the best beach on the island. 1 he 
dacilc is grey with l.irgc andc,inc pheno ryst> in a malri~ of gl,1», 
pl.igioclJsc, augite, hypcrsthcnc, 111.1i;nclilc ,1nd ap,llite In place, the 
leading edge of the lava i<:. seen when: surfaCl' d!.!bri.s llds rolled down 
the slope and been welded to it. 
All ,1long this stretch of coast the l,1vas h,ivc been covered by the 
mas,ivc outfall of pumice l,1yers. ,\ huge cliff of the pre-caldcr,1 J,,cile 
forms the northernmost rim of the caldL•ra immediately west or 
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Emborios. this has been undercut by honeycomb weathenn 
best appro.,chcd hy a hllle track lo the base from Embonos g anc1" 
Venetian fort and church or Ta,iarch,s. 'pa"''"& lht 

3 i\ndesitc5 

L11tlc, •~ any, olivine 1s (ound •~ the labradorite-augite-hyper1th,n,. 
magnellte-ph) ric ande<1tes which are most accessibly expcxt(I •Ion 
the west coa t or 1isyros more than 1 km south or Mom Sp,1,,!, 
headland, lhe5C blue-grey lavas are not as porphynllc as the h..~hic 
a11des1tes, and marine erosion has etched out hnely reticulated 
honeycomb weathering and flow-banding in place. Other large chlu 
form the north-we,, wall of the caldera overlooking the cre<crnhc 
basin between S,ones and Kato L1kla. 

4 Agglomer,,tes, luffs and pumice 

Two broad ;,wathes of pyroclastic deposits cover the slopes of the 
volc;ino from the cl1ldcra rim to the co~1st. The largl'sl nreil form, lhf' 
north-wc;,t corner behind Mandraki, and the other the south central 
slope below Stavros. These are certainly s<'en very clearly around the 
Mom p11ia111 headland where the pyroclasls have been piled on the 
emergent pillow lava,. Elhpllcal and breadcrust bombs as well as large 
angul,1r fr,,gmcnb arc embedded in a fine malri.).. Other exposu~ are 
c;rcn bcs1dL~ thl' road just west of Loutra, and ,,long the tracks which 
"hort-cut the L1g-1l1g surfacl.'d road to Evangclistna Monastery and the 
Ka10 I a!..k, 1 hc<c sunken lr,,cJ..s cut through both layen,d ashes and 
co..,~e J&glomcr,1tcs. 

5. Rhyodacitc, 

O, Paola (1974) believes th,1t the volcanic nect.. pro1ecting from the 
rJ-,lC'rn wall of th-:' c-.1lderJ between Agio Theologos and Emborio~ fod 
,, va':>t flow or rhyodacitc wluch forms the south-cast~m corner or tht' 
1,land. Unfortun,lll'ly th1c; ,., al50 the most remote and least a«~sible 
re,g10n from Mandr.iki. The tr.ickless slope is covered with thorny 
,hrub<-. and tcrn1111,1k"'S in vcrhc\1I cliff:,. The only approach, therefort>, 
1"' from the M.'J The rhyod,1c1h.!5 have phenocrysts of c1ndesine and 
hypc.•rsthcnl' ,rnd .ire wc.1thcrccl lo .i white or very p,ile grey colour. 
Most d1'hncll\cly, we:1thcr1ng hai etched out very close nO\,, b;:rnding. 
folding, >.\!11ol1th l!nclo:,ttrc, nnd the upturned l,,v,1-fronl when! It 
~·ntcr, tht< '-il',l, 

b Dac1hc pum1c\' 

1 hi:-northt•rn 11,Hll... of the volcano from LoutrJ to Pali (with an 
i:,tcn,ion I l...m down the ca!lot coast) 1s buned b{•n('ath a bl,1nJ..l1 l o( 
1,,ycrl.'d d,1utu, pumice, 100 mclrl!-. thick Ma::i.s1vc r.1mifying qu.,rrle~ 
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2 

The d.1c1lc, conl,un phcnocrv,1, or rounded and strongly «>nrd 
undcsinc, augllc ,rnd hypersthenc set an" gl,1ss) matrix wuh 
pl.1g1oc1,,_,., clrnopyro~cne, orlhopyro~enc and Iron OJ<Jdt m1L.n">pl,~nocry~1s 

Gl'Olhennal Acll\ II}' 

A, ., rc,ult or the decline, or possible qu11,,cc11cc, of vulcanJSm along 
the South Acg,•,in Arc I her,, arc no h1Sloncally r,-corded eruption of 
la, ,l on Ni,yro~ But Ilic 1ntl•r;1ction of dc-,cendmg ground water \VJlh 
ri,,n~ mJgmatu,; hc.11 continue~ to produce phreatic achvrt} not 
equalled on the other island< 1 hc<c phenomena can be examined 
do,ely .1, a result of a rci;11l.1r ,en 1cc llf buses from Mandr,1ki harbour 
mlo the CJlder.i 'o olhl•r motoncted \l'h1cl~ an.• p.!rm1tkd to makt the tnp 

fht..• I.hi recon.Jl?d cn1ption ,,,1~ on 5th ;\1Jy 1873 antl 11 h believed lhJI 
11,,- ma) have b,•cn rcsponsibl,• for the form,111011 of the phrNt1c 
,·,plo,,on cr,ltcr w1llun the calderJ. The forgc,t of lhcse, Stephano<-, 
he-, clo~e lo lht..~ bu, term1n,1I. It 1.s circular, 300 metn .. --s Jcro~s l1nd ~unk 
:?5 ml'lrc, into 1hr c.tldcr.1':, unconsolidJted ..,l.'dim(•nts, wl(h a lrJck 
ll'.1J1ng down to the fl.it cr,1tcr floor. In the Cl'nln:· arc,, series of funnel
,h,1p~d dl'prt'.,."-lon,, t - ~ melres M·ro.,, 1 hese Jr.:un of( the .)Urfoce 
wJlCr'. I hough rJi11foll 1~ verv unn.'11,lbll.•. The rl.'!tult or relatively rl.'ttnt 
r,1in, ·,i, a i.:on ... 1,1nt nunbhni ,ind lw,..,mg. with -,team ro.1r111g from the 
vents and a ,1,ght ,-0,11,ni; of sulphur on !he aperture mud Other small 
'tlllphumus, l'nb, occur 111 pl,IC'\.'!, .11 the bJse of lhl' cratrr w,111 

200 m~tr\.'-, fn,rn Stl•ph,1110~ i, a ,ccondary cone with badland e~~ion of 
11'-i } rlluw -.,lopl''t. A hny 1r,1d. ,rnglcs up .1cro,:s thl' ~1de .111d ll'.ids to 
,1nothcr phn..•,lf1c n.iter "1th v,•rt1 ,1I gulhcd w.1lb nncf ,1n in.1ccc.s!t1blc 
rloor 'cr,1✓..:d' with dl.'"-1cc.111on cr.1cl,, .. .,. Abo,e th<.· crater, hlthin the 
ront.\ lhl' roch. w,,JI.., h,tVL' $CVl'r,1I ,cnt, ,1boH~ ,1 co.ir,e, ,111,sular ~rce 
from which lhL• ..,tl",tm n:,4,.....,; ,1nd .:1round \\'hich the o;;,uJphur is bu1ldsns 
up J lo\\ l'Vt·r, undnublrdJy the most ..,pl'ct.1c11lar fum,1roll'S .ire found 
by \\~1lk.in1, lo lhc.-right around th"-• end of th"-· de,rcc.Jll•d crater. Two 
pit:, o( 20 nh:lr...•, d1,1mckr (wJuch can bt.• dl'..,ccndcd w11h soml' 
J1ff1culty) ha,c m,1nv ~11-x•rtun:, 111 thl.' nxk cn111t1ng t.').frl'mcly hot tiir 
,llld ..,,t~.un from wh~1ch lh(' ..,ulphur -,ubl1m,11e.s lo form fr~1giJe lacy 
tollJr-, •• 1nd d,1.1.1ling nt:l'dlt.· cry..,1~11-., l·ort1111a1tcl), thC'.)c .ittracuve 
t.:llcru-,1,1tionc, ,lrc both too w-.•,1k ,rnd too hot tu cncour.1ge collector-

On tht• l:,1klcr.1 floor on tht.• norlhl'tn ,1dt• of lht .. ...._. 'l'COnc.J.iry cone, the 
Pubhl Pll\Vt'r Corporo111011 l.~'=pJort•d gt.~uthl·rm,11 power poten11.1I, u~1ng 
°'\.',l w,lll'r pump,·J ,1!0111;; ,l p1pd11w frum tht." ,outh co.ht bc,,de lhe old 
,ulphur c,port lt•rmrn;iJ Thl• inlltJI l'Uort did not pro\ r tn.utful, but ,I 
ll'nC\\'l•d Jnllm~; pr,,s::,rJmmt.• on th1:> -.11c Jnd .1t ,eH:ral othC'r pl.1ce:t on 
tlw 1,l,l1HJ h.i-. bt'l.'ll t•\-.1lu.111nH pm,·,•r rot(•nt1.1I 
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A GEOLOGICAL WALK AROUND IJROADBOTTOM 

by PAUL A SELDEN 

Uro,,dbott,,m 1s situated between Hyde and Glossop, on a soulh-faan 
h,11-,dL· owrlook1ng the Ethcrow v,1llc)'· In the v,1lley Ooor arc Oa1 meadow~ 
(bro,1d bolloms') between short gorges cul in hard 'amurian gritstones. u b 
an ,deal pl,ic,' lo c,plorc th,· relation,hips betw,·cn lithology, Quaternary 
event,. the phvsical land-cape, and 111dustri.1I ,1rchacology. The wal~. of 
,1b@t 7~m. occ11p1c, ., good half d,1y, or makes a plca-,rnt ramble for a short 
winter da) It bcg111, ,1nd end, ,ll Bro,,dbollom station, which 15 scned by 
hvqm•nt tram, fn.,m 1-1,,nche,t,•r Piccadilly (Hadfield ,1nd Glossop lme; dillly 
e\Cepl winter Sund,,),) TI,c station has ample parking and the old building, 
hJ, \.' bl•e11 rrnw~rtcd intu ..J pubhc homA' .ind resl.1.ur,1nt. Th~ itincrt1ry (Fig J} 
hes on the eastern edi;,•, of OS I 5 (l()U mJp 109, and 1:25 000 map SJ 89/99. ll 
cro""' th c cornL•r-, or HGS 1:50 000 sheets 86 (Glossop) .111d 99 (Chapel-cn-le
Fnth) The 1tintrary fonns part of a walk descnbed fully in a forthcoming 
Geolog"t,' A,;onat1on Gu1dt•. I thank richard Hartley for draughting 
f-igurc I. 

rrurn the ..,,~1t1on w,1lk down th..:-m;iin ro~1d, turning left immediately 
before the r,1ilw,1y bridge, then 1,1kc the first turn 011 the right (Hague Road). 
In o f,w metre, there ",1 dramatic overlook of Cat Tor (Locality I, SJ 9952 
9383) thi, sheer cliff i, 111,,de of Rough Rock (RR) with Rough Rock Flags 
(RRI'), ,1 lnc,,I n.,ggy dewlopmcnt of the lower part oi the RR, bel010. Notice 
that tlw lull,,clc-oppo"tc ",1 r,enlly curved slope on shale. The top of the RR 
occur ... :ti tlw bihl' of th~ hillslope on the east bank, and can be seen m ,rn old 
qu.1rry iu,t over llcsthdl Bridge (Locality 11, SJ 9965 9376, sec later). The 
rc~1 ... on for th~ clt:,1r mbm.itch o( beds across the nvcr is the Viaduct F~1ult 
which run, NW.SE ~1long tlw river here, downthrowing about 300 m to the 
C,1'1 It is Ob\'ious that the valley ,s ,,symmetrical because of the RR 
d1spl~,ccment Up,tn•am, th1.• river run~ south•wcstw.irds until 1t meets the 
foult and then turn, ,oulh-c,,sl to form the cliff; the fault runs up the gully al 
tht: l,t:nU m th1.• H.:1guc RoMI 1111s gorge, and others further downstream, 
comc,dc •'1th ,111 outcrop of RR John,on (1969) suggested that toward, the 
end of the IJ-,t 1Cl' .,g.._., the Flht•row encountered wasting ice and boulder day 
"h1ch blocked ,ts old route. I llgh-cnergy out wash, powered by an ICC 
d,1mmed lake 111 the Glo,sop Jrea, cut through the faulted RR, possibly 
b<.·ncJlh the cdg,• uf the 1cc sheet. Such gorges and their rapids ,uc ideal sites 
for ,,·,Her-powered mills, ~uch ,"\~ here al Broadbottom. To the cast, 
Charlc.,worth c,1n bl· ..,~~n, with the 1mpo,1ng .-imphithcalre of the CoomUrs 
lancft.,lip bch111d, Mld in the far north-ea:-1 is the valley of Longdcndalc, 
pos'l1bly !ht• forllw'lt C&l t the Deven~1('ln 1cc penctr.,tcd in thb area. 

follow the tr,,ck, notic111g old q11,1rncs on the left and the loss of the RR 
beyond thL" V1~1e.h1c1 F,1ult .,~ we turn the corner. The track now runs on 
ll'e,tphali.111 ,h,11.·, below the Woodhead Hill Rock (WI·!). 100 m bqond The 
I fJbuC lake tilt.• footp,ith on the left. and in a few metres, look in the b,rnk on 

24 

.,_.,., ... ,_._,., .... 

... -.,.;i,a ... --

... ~ ....... h-t.•• 

$ Old_,.,_., ---, ....... " ..... .....,,,. ... .,. 
✓~- co.i-

Figure I. A ,valk around Uroadbottom 

25 

.. 



tht• left for 0CCJ:,1onal ,1.1b~ or micaceous sandstone with trace rossil 
Pch-<v,,otl1rh1111, and a.-oc,ated escape shafts. all about here, (Loc,,lity 2 
~J <J<li<J 9415), ,ire a ,cries of parallel ndges. The<e ridge, are landshppcd 
ma .... ~.., 01 \VI I ovrr .!>h.ile~ PresumJbi}~ d?~"•n-cutling or the river Ethcmw at 
the base or the ,lope enhanced the mstab,hty of the hillside. Water running 
through th,• p,•rmc,1ble \VI I encountered w,1terlogged shale which became 
mob1hLed .1nd lhu5 c,1u~cd ~hppagc. _This .ircJ used to be ., golr cour:c; th'-' 
old club houw 1~ now a private dwcllrng. Continue up the hillside, c-ro:,c.ing 
Pmgot Lane, and the WI I is indicated by the wooded, sleeper hill hedge 
through" h1ch the lrac~ runs ma gully. The present path climbs out to the 
ldt onto lhc bru,td ,umm,I of ~lollram Hill. Skirt the field edge, cross the 
'ihle, and rn11.~1i,;c onto thc ro.:td brtwcen t-wo ponds. Tht·sc depression~ .:itt 

,11d lo be C<MI working,. but they appear more likely 10 be-shallow quarrie-::, 
for w,1lhng .. tonl'- rhe weslw,ird view from here is ,upC'rb, extending acros.s 
the M,1nchl'.,tcr plarn to the \\'elsh Border:, on a clear day. Notice the contrast 
bl?twf.!cn thtt uplandc.. on N,1muri,111 rocks to the east, the lower but still rolling 
\yt•t;tphal,an country in the foreground, and the dbtinctly flatter Permo• 
ln11 .. ~1c plain bc)Ond, ,111d ~uth of, the city cenlrc. 

Cro>~ thv ro.1d ,1nd turn left, l,1k111g the footpath off lo lhc right in 50 m. 
0\llr t!l(' '-till•, continue forwc1rd onto the sale tip of an abandoned coal mine 
(Localtty 3, SJ 9919 9469) the concrete shaft lop can be seen on the right. 
Aero-. .. thl' pJddock 1s ,rnNhl'r ..,tile, Jtbl beyond which is an outcrop or naggy 
s.ind,tone< within the ll'e<lphalinn above the WH (Locality 4, SJ 9910 9470). 
Not1Cl' the lhm, rhyth1111c ~and layers with Pelccypodicl11ms

1 
Lmd the 13° SSE 

dip. Continm.• down lhe track to the \Vagon and Horses pub, and cross 
Brwdbotlom Ro.1<.l onto Ihc footpath oppo,ile, lo Hurst Clough. Keep left 
along th1> tr,1c~, ,1<l1,>cen1 to the broo~. and notice the skyline lo the right: a 
broad plate,111 of glacial -,.,nd ,md gr,wcl occupied by the Hallerslcy housing 
C>tJte. Tl1t· "'t'l'p drop from the pl,1tcau to Hur!!ol Clough b on Holcombe 
llrook Gnl (I IBG) Old <OJI ,hafh ,1nd tips occur on the rough ground west 
of the tr.,ck. but continue following the stream to its confluence with 
I lurstclough Brooh I fen.!, the trach i> c.,rried down over old tip matenal in 
"'tcp .... \.'ot1cc tlw bright y..-llow.brown ochre (limonite) in lhc water cml'rging 
from an old mml' Jr,,m (..,uugh) and wluch colour:, the Hun,tclough Drook for 
many melre ... do\\·n~lrll,rn1 fake the footbridge on the left, tht•n 1mmedintcly 
cro-.-. the brook lo \ h.~\\ J !ugh nvcr chff of wcll•jointed n11c,1ceous c;;iJt,tone 
bchm lhe RRI· exlub,tmi; ,pheroidal weathering (Locality 5, SJ 9870 9·131). 

d Return to till' tracl,. following the left bank of Hur,tclough Brook .. ~'~:t:.',~~~r: J-, 
1
~ t.••.1t.cr~ •' 11.1':ow gorgC" in RRF. T_hc ~tecp ,ides of the gorge-

II t.: ceo .. uer1.: "IOII ue~p. such ;is trees with curved lower trunks .,s 
~'1~\'~~~l~;utc~t)p~ of RRJ· t\dj;icl·nt lo the 1r,1cJ... is a tree, toppled by ;he 

d ~1 0 
.. oll, \Vl11ch ha .. contour._ to the left the Hattcr:,lcy Faull is 

~r~""'"'l' • ut follm, lhL' ~h--'f'"' ,1long .. 1de the strc.1;11 Jnd 11011cc tht! waler 
Jo~:~~7r~,n~r

1
~
1t.irly S·dippins slabs of RR. The top of 1hc RR occurs just 

94IS) n . f J footbndi;,• ,>I the bottom of the ,Icps (Loc.1lity 6, SJ 9869 
"top of lhe RR" m<1rkcd by the Si,-inch llline co<1l, which can be 
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located .1s a line or d.ul.. m.,tcri,11 v.ing down to the .. 1~..1m ~~mong thc t~t• 
cm the rar bank. A Jl'lour for ., fow metn•~ ov~r till' footbnrlg.:i ,how'- t 1' 

better nc,1r \\ here the -..eam cro,:,l.'-. ,rn olJ track way (gully) Another c.ktour, 
50 m along the widt• tr.,cJ.. lo the ca-.t of the footbn<lHt', ~\'C',lf._ ._, qu,irry 
e"C:posing JO m of pJrtly shattcn:J, "'•'""'' e. RR, JdJ,1ccnt to lhc H.,ttcr .. lt•\ 
fJull. Return to the clough ,1nd follow 11 downqrt'am. CWl'r another 
footbridge onlo the nght b,1n~ now noting thi.: high. ~tct.>p n, er l.hff 111 IO 
SE•dipping O.iggy -.anJ .. 1011e, of \VI I form1n>; the ea .. tl•rn ,,de of the valley 
,\nother footbridge n:1ums lhi! 1r.1cJ.. to the ldl b~1nl.. below th•~ cl1ft, .rnd ,1-. 
the track chmt>s to ,t, lughesl pomt (l.oc,1lity 7, ~J 9872 93115). loot.. for 
evidence of coal worl..m>; (bl,1cl.. ,hale .1nd co..11 p1l.'C(.•-,) ot lh~ ),1rd Co.11.11 tht.> 
top of \VI I, left of the lr,1ch.. 

On meeting the r.,ilway Ian\!, tun, ri~ht ,111d cro._,,. 11 by lh(' footbndg" 
The footp,.llh rufl!) strn1ght down thl· hill, followmg .-:tn outcrop of th~ Yt1n..l 
Coal which m.1tchc~ lhJl pre\ 1oui;ly srrn on the opp0!.>1t~ ,,Jc of I lur..,t 
Clough. /\mongsl 1h1< hummoct..y i;ro1111d (Locolity S, SJ 98(,4 936:,), 
evidence of co..11 workrng ,,nd of mh,l•ral lin~ SC'rv1ng the p1l<;, con lx- found 
Much or the land over to the nght, ~1d1.1c:cnt to the r.i1lw.,y, •" tipped _gl,H:.1.11 
!)Jnd and gr.1vel, cxcJv,,t('cl from ,1 deep r;11lw.1y cutting JUSt out ot "tght tr, 
the west. The railway prcviou .. ly r~H1 111 ,1 tunnel hcrl', but the overburd1m 
was removed and clumped, then thl' m,ii.,onry tunnel linlllA w.,, d,•molic;lu.,•d 
by shun11ng empty wJgon<:. 1ns1clc ,ind lhl•n blowing up th~ tunnel, .:1ftcr 
which tht• wagons ,vcrc h.iult!d ,,w,,y, .ind r~11I ~crv1ce~ n",um~d 1 Co throu~h 
1hc kissing g.:itc, .1nd follow the -,1eps, turnin~ ldt ,1t the first 1unct1on by the 
bungJlow called OJl..('n,1~h Al the ,tre.1111 Jo 1101 cro~._ lhl.· footbnclhe but 
turn right down lo the hamlet of I lod~efold 

If timl' Jnd energy arc wantmg. 1t 1~ n."C.ommcnckd thdt Loc~1hty q (lhi-. 
paragraph) 1s omitted and th(' signt•cl pJlh followinb tht• l:.therow 1~ followed 
ca,twards (left, next paragraph). Olhcnv,s,•, from I lodgefold, follow the 
fenced 1r,1ck (Leylands I..Jne) south, throu1,h Ihc sate ,11 Leyland< l'ann. ,111d 
past the ~ew,,gc ,,.·orks by the R1Vl'r Ethcrow on lhe ldt. 1 ot1ce on the right 
lhl' abandoned rnelHulcr on the lcrr,,ce; behind the terrace the IJnd nSl.''- to 
Great \\food. Tlus rolling l.lnd!,c,1pi: 1:, un<lerl,1111 by a over 24 m of gltlcial 
-..Jnd and gr,ncl, ,ind forms a broaJ col bclwccn ~1otlr .. m, Hill ,rnd \\'cmdh 
Low (the hill dominate<.! the s1-.yhne lo the ,oulh-wcst). Before the 1,,1 
glaciation, thi: Etherow flowed west tow.irds Manche~tcr bdwccn thc~c two 
hill!t, but Jflcr the ~lacrntion the river wa~ forced to ch,rngc ib coun,i,: to nuw 
southwards because or the s..,nd, gravel, and 1cc blocking the old route to thl' 
Wl'!:tt. Continue down the track until ,1 footpath 1i.. ~ccn cro~~mh ,, sm.111 
meadow on the left. Cross lhe 111c and follow the p.11h to the b,111ks of the 
river. Herc, at 'IJroadbotlom Beach' (Locality 9, SJ 9853 9293, once ,l popul,tr 
bathing spot), the river pebble~ nMy be .. carched fruitfully for errdlic..,, 
examples of imbricJtion, t1nd othL'r scd1ment,1ry fe,1turcs. The nv('r cliff 
oppoc.ite show~ glaci,11 c.and ancJ gr.ivcl. The c'<po~urc Ill lhc river b,1nk ~1 f..:-w 
hundred mctrec. down'tlre~1m (below Botham·~ Hall) may be v1cwl'd by 
returning lo the lane, c-ro ,rng the bmlge, ,ind following the river bank 10 the 
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first bend, but it may be ove_rgrown. Here, the ltiparlile divisions o( 
Boulder Cl,1y (0.6-0.9 m), Middle Sands (12.5 m), and Lower Bould Upper 
( 1.0-1.3 m) was recorded by Johnson (1969). AnalysLs of the 1 , i: Clay 
ct,y!, revealed that they are indistinguishable on numerous;'~ • older 
the~fore _the sand and gravel between was probably deposite~ ~~~;

nd 

penod o( 1cc olagnallon, rather than an inlerglacial. Return by the g • 
I? Hodge!old ,rnd keep tight along the path (I-lodge Lane) which ful~e rouhte 
n ver. mvs I e 

About 100 m cast of J-lodge!old there is a small lodge on the lelt whi h 
once fed Hodge Dye Works, seen on lhe right. The dye works has be~n 
excavated re e_ntly. and shows vast flags of beautifully rippled sandstone. No 
flags of. this kin~ nn.• encountered on this excursion, but they resemble the 
N~murrnn H.islingden Flags, approximately equivalent to the RRF a d 
w1dl!ly used ns walling slabs throughout the region. The slnbs must hd~'e 
been brought here from north of 1\ll.1nchester by c.:mal most of the way. 200 m 
Jlong_ lhc pnlh on the lef~ i~ Summcrbottom, a row of weavers cottages. The 
lowc1 tw_o no?rs ""ere living .iccommodation, .1nd bridges from the steep 
bank bchmU 81ve access to work space in tl,L~ hrarrets under the caves. Follow 
th~ r~ughly cob?Jed lane further and in 100 m Lee Beings Rocks are reached. 
Tl11S 1s RR, cons,derably lower than at Cat Tor (Locality 1 ), indicating a faull 
between the two loc,1litics, downthrowing to the west. lt also indicates that 
we have cros~cd the Hatterslcy Faull (which downthrows to the west) and 
arc_ back onto Namurian rocks. FollO\v the path down to the footbridge 
~,hich tel~~~ advanl.it;e of the extremely narrow gorge cul sub•glacially in the 

R (Loc.,hty 10, SJ 9926 9365). On the far side of the bridge is ,,n outcrop or 
ma,~i, e gnl, ,howing 1.irgc, rotten concretions at thc bases of the beds. The 
nver here now~ rapidly, ~ind there is more evidence of old mills on the banks. 

t _ 
1 
Recross the bridge and turn tight (Old Street). RR addicts should keep 

b
s rad, '8. ll on to the main ro.1d and cross Best hill Bridge to view the massive 
" s'" the old <1uirry (Lo l't 11 SJ 9 -turn left u, the ' . ca I Y , 965 9316). Normal mort,,ls should 

thl' . I 
I 

steep Mall Brow and under the railway bridge to emerge on 
m:11n ro,ll. Broadbottom sl.ition is 350 m to the left. 
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A \VALi< SOUTH OF GLOSSOP 

by P,\ UL A SELDEN 

Gloc; ... op lie-; on th~ wesh.•rn limb of th~ Pennine antichnt.'j \rhcrc 1:1e 
d. in and flultcd ,ucces-,ion ot IJIC N..1murian and early \VL..c,lp ,a 'i"" g~J ... 

ip~st:nes a~J ,;hall'S c't'crt J profound influence on the lopo~rap 1y ll' 

i:!tJ~~,f;;;~1i~cJ"~1~:~Jh~~r~~~ •~~:~~!e~~"'.'.'.!f;,i1t•~~n;~t~t~~:~~;;: 
"'alk of :ibout 9 t...rn, which -.1.irt-- .1t Glosc;op railw~1y .,_tation ere;-;;~ 
frequent ;rains from \1,1nch(',ter P1t:c~1d1II) (d,11ly except winter ~~1ndil)'~)d~ b t 
there is ample" p.1r~ins .11 thc ... t,1tmn The f,cur<:ion may bt' ~ wrt(~~t.•OJ.Jl 
~tartin ;it the J,1y.by on thC' At,2·1, :wo m north of the Gmu'-e nn . • ::, 
9050) ~~ittin localily 1 ~1nd rl•tun1111g Jlong Mon_ks' Ro.1~ ThL' 

1
1111.:r~lr~ 

(Fig. 1) lies on ~he we,h'rn eugc of OS I :50 000 m,tp J 10, anJ ",o, crcd ~ya~S 
1:25 000 Dark Pe.ik OuldllOr Lc,..,urc 1l'l,1p It ,1lso c~,;;~c-, the con~t.•r--,o 
1·50 000 ,heets 86 (Glo"op) ,,nu 9'1 (Ch,,pel-cn-le-Fnth). the 1t1nel"11'\ forms 
p~rt of :1 \V,llk cle,cnbl'd (ully in ,1 forthcoming Geologbb' A-,soci.il1un Guide. 
J thank R,ch,ird I lartlcy for dr,1ughting figure I. 

From Glo,sop St,1tion, follow the t\624 (HayfielJ, Ch,ipekn-le-Frith) 
road south JnJ 111 1000 111, ju,t a, the ro~1d descc~d~ to thL' factor)' Lll 

Charlestown, nnlill-. \.Vh1ldl'y NJb to thL· -.outh-\\'e::.t. fhL' top of the: N.1b i,;; 

formed of Chatsworth Grit (CG) dipping 12°\V. The m1ddk bench 1> 

produceu by a sandstone, herein called the I lolhngworth I le,1d Roel--(I IR), 
and the lower b,mch, ,,1..,0 dipp111g prominently \,-c-..tw~1n.J<.. h the upper k..it 
of the Kindef!lcout Grit (KG). The p1IL" of '-loncs on th1.• latll·r bt.·nch w~,., once 
a flue chimney from onc t1f th1.• m11J-. ..,._.en in the v.11Jcy bottom. 

Continul! down to cro,~ the bruo~. pJ~S lh~ A60l6 ro,1d 1unclion, and 
in 100 m cro~-. the brid~c over ,1nothc.·r stream .,nJ turn immedi.1tcly left 
down a tr.1ck which run., .,long .1 factory wall Follow thi5 ".111, 1g11onng the 
footbrids~ ~1rnight .1heJd, Jnd cro~!:. Gn.1t Hole Broo~ by thL' :,\.'cond 
footbridge! upstream fhc n.11 bottom of lhe vJllcy he~ ,., an old rndu,triJI 
noor; looking south-e~1<;t, thL• prominent tor on lhL' skyline 1~ the \\form 
Stones, a scarp of the lower 1l-.1r of KG; the brook we arL' followm~.., J .,tnkt.· 
,tream on thi.: ~hJIL'!, bctwC'cn th,• upper 4111J lov .. ,cr KG. Up!,ln:.1m, the v,1llL')' 
nnrrows con::,idL•rably, and ii!, form ~uggc!:,IS thcll of .1 gl,1c1,1I overflow 
chnnncl. The prcscnCt.' of L~1kl• Di-,tricl erratics in the strc.1111 bed indicalt.'::t 
that boulder cl,1y, \Vh1ch can bL' found up to 300 m .ibovc :,t:,1 level in lhl' 
Glossop arc.,, ha~ bce11 t•ro1.kd -.onwwhcrc in the catchment or Gn~1t I loh..· 
Brook. On r('Jching .1 fool bridge, the origin or thi..• Gnat Hole gorge become.., 
obvious: ii b cut through the \V.d1pping lower leaf of KG, seen in outcrop 
over the bridge. rhc higher lnbutnnc<, of Gnat I lole Brook, \.Vhitethorn 
Clough and Bray Clough, originally nowed .,s ~1 subsequent, stnkc ::.tn:am 
system due north along th..:--.oft sh,1lcs between thl' Shale Grit (SG) .Jnd KC, 
through Moorficld col to I lur<t Brook l'itty (1965) suggested that tlow11-tl1p 
migrc1tion of this stream breach.:d the KG e~carpment vvhcrc th,!) leaf wa~ 
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thinner and faulted (.ind pos.ibly already c,ploiteJ by gl.1cial meltw,1ter). 
·n,e resulting gorge provided the ideal site for Gnat Hole Mill. 

Cro,s the lane to view the KG outcrop (Locality 1, SK 037.J 9246), the 
grit here is m,1551vc but the dip of the bedding plane, can be appreciated. 
Ascend the steep track behind the outcrop, and in 100 m is a ,cenic w.itcrfoll 
over well jointed KG. Emerge from the wood onto the lone and turn right up 
to the n1<1in r\624 road. Follow the road uphill, noting th,11 the upper reaches 
of the stream we have just left follows the stril-.e of the sh,1I,· bclwcen the 
upper and lower KG, and that the ro,1d runs on upper KG. I he rock i, well 
exposed at Locality 2, the Firc•placc Quarry (SK 0345 9136), 300 m beyond 
Ch1111al. Permis,1011 to visit must be sought from Mr B. Hallam of Shepley 
Farm, Chunal (0-157 8527,17). the route contmucs down the track (footpath 
c.ign) which le~1vcs the main ro,1<l nL•arly oppo:,ile the quarr . Beyond thr 
gate, look out for shiny green lump, of 'Glossop Obsidian' in the tracl,; thi. is 
really slag from glass 111.1king, but its n.,mc ,, most ,1ppropriate. The track 
follows the long dip slope of the upper KG down to the stream connucnce. 
Just before the stream i, reached, look fur evidence of ,hale m the path b,mk 
The strenm in Long Clough h, ,,not her ~trB .. e stream, 11<; pronounced 
,,symmetric valley being due to the c,1pping of the we~t bJnk by the ne,t grit 
in th(' sequence, the Hollingworth Head Rock. th1:, shale intcrv.1I b 
interesting because it contnins four marinL' b,1nd!,: the R1..•t1c11/{k.·cra$ srnule, R. 
bili11g11e (early form), R bili11g11c (late form), and I<. ,11{'t!rb1/i11s11c. North and 
south of the Clossop .,n~a, numerous grit~ an: developed in this intervaL 
Details of the m.1rine b,111ds arc given in Droadhurst {1959), and pcrmis.,1011 to 
explore U1esc doughs must be sought from Mrs Pinks ~1t Plainstend~ F.1rm. 
One marine band is exposed in the stream bani-. at SK 0290 9110 (Locality 3) 
close by the footpalh. 

Immediately beyond Loc,,lity 3, the path climb, stc,•ply up the west 
bank of Long Clough, past outcrops of :,hale, tlun :,1ltstones ,ind Iron'-loncs, 
and the Hollingworth Head Rock is <ecn at the top oi the exposure. It 1s 
worthwhile pausing here to examine the different lithologil'~, c.,ole structure!,, 
and the effect of the HR on the !>CCncry. The p,1th run, down the side of 
Pl.iinstcJds to emerge on the Monks' Ro.id. Thi.:. rond h, ~0-11.imcd bccnu'-C 
8a<;ingwerke Abbey, .1t Holywdl in Flinbhire, adm111blt:n .. ·d much of lht:' ll1nd 
around here from the 12th century. (r\ l,irgc ,tone ,11 SK 029-1 9039, probably 
the base of J boundary m,trkcr, is known .1s the Abbot'!, Chn1r} Turn nght, 
,1nd in 150 ma lane on the left lei1d:, to I lighcr Pl,1in le.id FJrm (goats' milk 
ice cream). Dcpres ions in the ground !,CCn over the w.1lb on either ~,J~ of 
the road arc old !,lone qu,1rric:, in the Chatsworth Grit. The CG b not 
mappable north of Glossop, where it, place in the Jmurian sequence is 
taken by the Huddersfield White Rock (HWR). From this juncllon (Loc.,lity 
4, SK 0232 9123), the effect of westerly dipping brits on the ,ccncry can be 
readily ,1ppreciated. The gently shdvinf; ground due south, t\talely loor, 
.1nd due north, \.Vhitclcy Nab, is formed on CG. Pl111n:,teads and 
Hollingworth Htild lie ju t above the HR ~carp, and further CdSl the long KC 
dip slopes (upper KG al the Grou~e Inn) ~1re promini.?nt. To the west, Cown 
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Fdge dominate, the <l..yhne; lh" 1s lhe Rough Roel.. (RR), the topmo,t i;nt '" 
lhe 1,,mun,m._ lndcnlahons in lhc scarp mark the po,ihon, of tc.ir foult, 
llroadhun,l (19~9) ,uggcsted thL• col below and nght 01 Plain<te.,d, could be ,1 
gt1aal overflow cht1nnel from .,n ice margin lake over Glo,,op Jnd rnnnmg 
up Long Clough. 50 m beyond I hghcr Plainskad Fann the I rad. cros,e< a 
,lrcam on the outcrop of the Simmondlcy Coal (Loc.1lily 5, SK 0106 9131) 
Th" 60 cm seam wa, worl..ed all •long lhe outcrop, the onl) e, 1tkncc here 
being lhc ,;.,le lip<, and old sough, and railway rd,~ u'>t'd ,n the track. 

-\I Roel.., Farm lum <harp nght up the walled lracl.. lo the <11lc The 
view from lU:Tl' IS l11~hly m~tn1ct1vc. To the C'..1St, the end of the Km<lcr,cout 
plateau 1s formed of KC, which also forms the slope behm<l the Crouse Inn, 
and lhe dip slopes we h,we w,111.cd across arc well Jisplavcd In tlw far 
distant .,outh•ca~t, thl~ Carboniforou Limestone or the \\lh1ti Pc,1k 1,, P,1bll· 
The lo\\ rr bench of L1ntcrn PH,c b formed of RR, and th~ ~ummIt and the 
long ,lope running down lo A"pcnshaw Hall b the Woodhead I hll Rock 
(WI-I). ·10 the nght of the I lall, the \VI I can be seen to curw upw.ird, again; 
tlus i, lhc bci;inmni; of the Goyl Syncline which end; spcctacul,,rly at the 
Ro;ichc--. nbov,.i Leck A~pL•nc;hJ\\' I lall lic,; on the .:1xi~. To the soutlH,'C&I, the 
complementary Todd Urool.. Anticline can abo be seen, the most westcrlv 
slope, dipping west ag,m. Follow lhc lrJck to the right 10 lwo old quarries 
.iround SK 021 911\ (Locality 6). 'I hes,., ,how the 1110»1ve n.11urc of the RR; 
search here for ripple marks, pl,,nl fossils, and prominent, rotten c.1rbon,11c 
concrclIons. 

A path bclw,·cn the two quarne< crosses the RR outcrop to Coombe<. 
Locality 7, SI-. 0l<J4 91995, a spectJcul,,r landslip. The mo,cmenl "due lo 
w.llcr prc~,ur(' in lhl' lllJ"'l'tlVl', jointed RR lubric,1ting the mobile c.h,1lc 
bt!ne.ith, ornd \\J, po"'-.1bly inil1Jtl'd by ~prings at lhc Row . .1rth F.n1II i\"ot1cc 
the form 01 the ,hpp,•d ma-scs, and the marshy ground down below Shpp.'<I 
m,llcrial o, crhe, boulder clJ), so ,1 must post-dJle the glaa,111on, but pollen 
1rom the peal) hollow, md,c,,tl'> disturbed ground from at least 5200 BC; 
therefore an ,,ge for the l.md,hpp,ng of between 10 000 and iOOO UP seem, 
hl.cly Uohn-,on 1%5). If hmc and ,1gihty perm1l, a walk 400 111 south along 
th(' eJgL~ to., ,tilr. ,ind ,1 c.irl'ful -.cramble onto the rocJ...5 will rcve,1I honLonlJI 
,hcl-cnS1dc, ur une of the tear fault, culling the cdg~. 

R.('tr,1cc the route to the ljU,1rnc~ ~it Locality 6, ~ind follO\"' th<! fcnn.'<1 
p.,th nnrthwJrd,, p,l-,t thl' tri,mgulat1on point, to Monk:,' Road Either follow 
the roJd h;id,, to th(• Grou.,L' Inn, or for Clossop, Cr0'-3 the ro,u.l, p.135.inb ,1 Ol'W 

~tone hu1ld111~ bc,lr ldt round the plant,ttion ,ind he.id down past I lobroyd. 
Ju-.t p~P,l tht• t•ntrnncc fork righl, noting the position of the CharlcsIown 
lxuvholc 111 the r,1ddock on th(' left (this was a wat,•r bore ,11 SK 0297 9331, 
,,h1ch n·conl~d 50'~ Unit, 62'7 upper KC, 87'3* rnuJlilOnl'., with Dulll'rly 
m.1nnl' b.:md, 7I'h lo,,,:r KG. ,,nJ 576'6~ of mud,tonr .. , ;;1lt~lonc,, ,,net 1h111 

JnJ .. trnu·, ·l.C SIL.'''-'""'on & G,1u11t 1971) Cro'>~ thl.' road and follo\\ lht' 
ll.l}~L.•J foutp,Hh 0\1.'r lh\.' fOl>tbruJ>.;t• ,ind up to the A624, whl'rl' turn ldt for 
th,· ,1.1Imn \\ hn h h !«Kl m J1qJnt 
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Tl IE J\HNERALIS1\TION OF THE STIPERSTONES QUARTZITE 
OF THE SHELVE INLIER, 5.\\1. SHROPSHIRE 

by JOHN J\IOSELY 

Geological Setting 
The S11p~r,toncs QuartLite is a quarlz-arenile sandstone (90-J.I0m 

th,ck) of_Aren,g age winch overlies at least 900m of poorly e~posed 
TremadOC1an ,hales ,1nd mudstones, and is succeeded by 3,600m of argillitc, 
and volcan,~s (m~1nly pyroclastics) of Arenig-Caradocian age. The 
Pontesford-Lmley Fault bnng, the Tremadoc,an sequence against Western 
Longmynd,an sandsloncs and conglomerates of late Precambrian age, 
(F,g. I). The Precambrian strnta arc steeply inclined to the W. and N.\V. as the 
overturned western limb of lhe inferred Longmyndian isoclmal syncline 
Uamcs, 1956, Greig and I lains 1968, P,10ley 1968); and the Ordovician strata 
are folded inlo the Shelve Anticline and Ritton Castle Syncline. The 
Ponlesford-Linlcy Fault 1> part of lhc Ponlesford Lineamenl, a N.E. lrending 
~tructural t."kment which may be trJccd southw~uds as the Clun Forest 
Disturbance and perhaps the S.E. nank of the Tywi Lineament (Woodcock 
1984). Locally Middle Llandovcry conglomcrntic ,andslones resl 
unconformably on bolh Longmyndian and Ordovician slrala. 

In the Shelve Ordovician mlier galena-sphaleritc-bary1e-calcilc-quarl« 
vein, of probable hydrothermal origin often carry lraces of malachile, ,uurite, 
bornitc, chi1lcocitc, chrysocolla and chalcopyrite. 1 hesc veins 11rc mainly 
confined to fracture «ones in the Myllon and Tankerville Flags, which are a 
series of dark grey shales, mudstones and siltslones, and largely doc out al the 
contacls wilh the overlying I lope Shales and underlying Sliperstones 
QuarlLite. The termination of ore shoot~ was reported from No. 9 vein of the 
Bog Mone and lhc 552-Yard Level at Snailbeach at the l\lytton Flags
Stipcrstoncs Quart,itc junction (Dines, 1958). 

Mmor deposit, of malachite. sometimes in associahon with chalcocitc 
and ;l/'uritc, h,1vc been recorded from \Vcstern Longmynd1nn strata. 
Attempts to c,plml lhcsc resulted in workings at Wc~tcoll, Wildcrlcy, 
Norbury. Ch11tol Wood, J\lcdlicoll and near ~lyndlown. Only \Vestcoll, 
Mcdlicoll and J\lyndtown yielded copper ore. Records of all these arc lomited 
and some worl..ings Jc,cribed by ~lurchison arc no longer evident (Greig cl 
at., 1968). IJaryie deposit, (common wilhin Western Longmyndian '''.·'ta) _arc 
,omct1mc~ -,tn1nrd with mal.ichitc as are brecciated \Vcstcrn Uncoman 
volcanic, at n,c Knolls (Locality 5, Fig. 1, 3712 97-13). 1he relation, of any, of 
these Cu-Ila depo,il> to lho,c of the Myllon and Tankcrvillc Flag, and I~ lhc 
-,p.ir-,l! coppl'r depm,it~ developed in the Stipcrstone:, Quarllite is unct.•rtam. 
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The Stipcr tones Quartzite 

a) Petrology 

With the exception of subordinate shaley and conglomeratic honzons 
the Stiperstone, QuMt1.itc i, a pale grey quart1.-.1renite ,andstone. 
More than 95% of franwwork gra,ns are of quart1. gra,ns. The 
remamder MC of \'Okanic fragments, feldspars ,md detrital magnetite, 
which arc frequently altered or decomposed - feldspars to whitish clay 
mmerJI'-, and m,1gnl•lltc to hematite which sometimes imparts a 
rcdd,,h or purplish tinge to the rocks. The cement is quJrl,, and there 
b lin11tcd lunonitc ~taining. 

b) Structure 

c) 

1 he rcsi,lanl Stipcrslone, Quarl,ill' crops out as ,1 NNE-SS\V trending 
hnc of cr,1gs on lhe e,1s1crn limb of the Ritton Casile syncline, (Fig. I). 
II is u,u,11ly thickly bedded. inclined at 32"-76° 10 lhc NW and cut by 
major vertical join ls t rcndini; NW-SE nd NE-SW. The quartzite is cul 
by ,mall vertical foulls Jnd Woodcock (198-1) proposed displaccrncnl 
by l,1q;cr strike-slip faults. The exposure of the Stiperslones Quartz.ile 
'" largely within the lone of the Pontcsford Linl'nmenl (\Noodcock 
op. cit.). 

Quarl1. m111erali1.al1on or the Slipcrstones Quarlzile is common with 
gla<sy, smoky and hematite • ,1nd limonile-slaincd quart£ crystals up 
to IOmrn Jcross de\clOpcd on joint surfaces and in irrcgul,1r veins and 
ca, ill~. The malJchitc~,uurite and hematite mincrali1..1tion described 
below post-dales this pcnetrat,vc silicification. 

The overlying argillaceous rocks of the Myllon and Tankcrv,llc Flags 
arc the host rocl for the l'b-Zn-Ba mineralization. The top of the 
St,persloncs Quart,itc ,, not entirely barren from the effects of I his, but 
the unit m(,y haH.• Jctcd a<, a barrier to most migrating solution. At 
The Roel (Locality 4, F,g I, 3496 9620) joints in the upper part of the 
StJpc.•r~tOnl's QuarlLite havl' Jcted as channels for the min<.'rt1lizing 
fluu.b with ~omc \\'Jll-rock altcr,111011 of the quartz-arcnite Jnd the 
prc-,t'nce of c;mJII ~1moun1~ of baryte. Some spoil material from the 
Roclhousc ~line (Loc.1lity 3, F,g. I, 3480 9628) contains fr.1g111cnts ~f 
quJrt1-arcn1te co.itcd ,,,ith b;1ryti:. A vein up to lm thick from tl11s 
mine Jnd carryint; ~pomc.lic b.lryte was reported to tcrmirhllC .11 the 
cont,,cl w,th the Stipcr,tones QuartLilc (Dines, 1958). Reports of galena 
"caltercJ through "qu,1rl11tc" ,1t Rockhousc and Snail bc,1ch arc 
discus;ed below 

IV1lh the exception of., report of rchct chalcocile stnnge,- (pers comm. 
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Dr R J. K,ng) the Stipcrstone, Quart11tc w,1> thought to be de\01J ut 
Cu-m11wrali1Jllon Contr,u) to tlu~ 1, th!! n.~Lcnt d1,covrry.or "-lllJII 
granular malJcl11tc-;i1untt' 1ntergrowth, 111 ,n1.1ll ,1hl.1f1t"t.l c..1v1t1l.', _on;1 
detach,•d blocl of 4uJrtz-,1rcnite ne,ir ~J.in,tonc Roe~ (Loc,,hty-, 
Fig. 1, 3675 9ij59). It ,, ,mpo,,iblc to dclcrnunc 1f the Jwnte " ,, 
pseudomorph ,,ftcr m,1l,1ch1te. 

Hemillile 5,ta1mng on 101nt5 and frJdlln.'"'t 1, common throughout the 
St1perstoncs Qu11rt11k, .1nd the po~.,1bk on1:;111 for tl11, is d1.;ruc.,.:-<l 
below. 

Discussion 
Secondary l1zurih.• - m.1lach1h.' nl!,H M,1n"lont· Rc:,ck ma~ h.1vc 
originated from '-pJrSI! prtm,uy Cu-m11u•r,1I, ,1.,...oc1c1tc~ with thl' 
g..1kna-sphJkrih.· vl~llh in the 01.,crly111g Mynon iHlt.l T,,nl-..L'n. 1llc Fl..1g-.. 

There arl! rL'porb of galen,, ~trins~ ~c.1t1cred through "qu.1rt111t..•"' Jl 
Rock house ,,nd SnallbcJCh mine< (D111c,, I '1~8) It is, however, 
lll1Ct:rh1in 1( th1-, rdcr~ to the Stipl•r~tonc, Quart11h..•, or lo th(' highly 
!,iliccous vc111 rn.1tcn~1I, common lhrou~hout lhl.' n11ncrt1li1cd LOOL'S 111 
Shelve, which often hnc~ the altcrl'cl ,1ncl b41"-ccl Myllon ,1nd Tc1n"-erv1ll1,,.• 
Flags. 

Staining:, and thin l'ncru\lt1l1ons of hematite on ,ornc jQ1nt c.urfa_n . .., or 
the Stiperstones Qu1-1rt.Lite m.1y h.1\ c dl•nved from thl' \VL•,1thcnng of 
pyrite ,n the overlying Mytton Fl.ii},; the decompo"llon of ~pJrsc 
pyrite and chalcopynte in the Pb-Zn-ll,, ve,ns;_ decompos,llon of 
dctrit.:il magnclltc-; tl ·red-bed"' cover, or a combinJtlOn o( such change~. 
P.irt of the 1'1ytton Flags ,,re thought to haw ,1ccurnulatcd under 
.rnaerobic cond111on~, and darl, grey mud':ttone'-, cont.1ining p) ntc, crop 
out 'h km south of Stiperstone, v11l,1ge (Locality I, Fi!:- I 3562 997?), 
some 900 m .1bO\ c the St1pcrstone:, Qui1rl11tc. Dccompoo,1t1on of pynte 
and chalcopyritc to mobdisc iron and ewntu.,lly dcpo,,t h,-~ahte is ,1 
dcbat,,ble possibility. Stud""' of galcna-,phalenlc-ch.ilcopyntc-pynte 
Vt.'tnS th,1t cut L1.1ndeilo ~h.1les and mudstone,; 2 1/~ km wcc;t of 
Penybontfawr (0631 2392) near Lake Vyrnwy <how only c,trerncly 
locahsed staining of the .,ssoc,ated gangue quart, by hrnon,te. 

An alternative propo~al 1-. for an earlier •red-bed• cover, of_ Pcrmo
TnJssic age, that hJs since been removed by erosion Tna~1c ~lrat,1 
crop out 15 l..m to the north, and there i,, evidence fro~ other Midland 
areas or haemati,ation or underlying str11tJ by J Tnas~1c cover e.g. the 
Precambrian Charnian Supcrgroup, Lciccstcrshin.', where hen1<1ltll' 
pcrsist~ntly imprt!gnatcs clc,1vage plane:, rind incipient fractures 
(Moseley and Ford 198~. 

The decomposit,on of dclntal rnai:;ncllle to hem,1t1lc (apart from 
occasionally imparting a reddish or purple 'bloom' lo the nomialty pak 
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W"Y qu.1rt, ,1ren1il') m,1y have contributed some or the hcmatlt, 
de, eloped on fracture ;urfoces. Kaolinisation or dctnt,11 fold\par~ 
throughout the St,perslonc, Quartz,te may 111 ,omc localities be 
a1tnbut,1blc to h)·drulhcrmal acti\'ily, e.g. al The Roel.. 

Conclu~ion-, 
I Thl! occurrence of :)p,1rse malachite .1nd a.turite in the 
Sllp,,rslon,,., Qu.ut11tc suggest,, that al least part of this unit may be 
w1tl11n J weal,,, Lone of o"dahon. 

1 l he ~hpcr-ton<·, Quart,itc did not act as ., barrier lo secondal') 
n11nerah11ng nu,ds, although primary mmerali11ng nu,d, only affoct 
the upp;,rmo,t p,1rt of the unit. 

3 I lacmat11,111on or the Stiperslones QuartL1lc may be a1tnbu1,1ble 
to one, or ,1 combin,1lion of, geological factors, ,nth an e.uhcr ·n.~-b«!,f" 
cowr, decompos,11011 of detrilal magnetite in 111<· Sl!pcrstone, 
Qu,1r111te, ,1110 dccomposit,on of iron sulphides in the o,crlying 
~lytton Hai;, pcrh,1p, the most likely. 

Ack11owlcdgc111c11IS 
t\1y ,1th•nt1011 w,,.., fir,t dr,1wn to the occurrcnc(' of malr1chitc and 
.i,urik 111 the St1per-.tunc., Qu.irtLitc by Mr Patil \,Vilson, .u, 'A' level 
C,'010&)· ,tudcnl. 

I am e,trcmdy J,;r,1ldul for d"cussions with, and ach ice offered by, 
Dr. R J. J.Jng nn ,anou, topic,, rclalmg to mincrali,allon m Shrop,lun,. 
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me GEOLOGI TON IIOLIDAY-
1'1,~IUROKCSIIIIU l'ARTTWO 

Thb article cont mu,•, Lhll Jt!...criphon ot plJlt.'., in Pembrok.e--h1re \\ h1,h 
a grologi~t on holHfoy m1~ht hi,..~ h.' , 1,1t .md ,·nJ1.l~ Re:.1deN c.houl_d ~h:r tu 
the la!,t Amateur c .. ~olo~i-,t for p.ut ont.> wh11.:h ~J\l.' gt.'neral bJc.k.~n1unJ 
informatlt ... n, m.ip nxumml'nJJhoni,,, .mJ ,, n:kr .. ·nu: h,t It Jl"-0 J.,_•.1lt with 
e,posu~ o( Prc-C,,mbn.1n "'""' CJmbn.m wc,·l_, \\ 1thm the rounl~t \\ h,l .. t m 
this. part we ... hall nmc.:cntr.th.' on Ohlll'n\1J., i,t OH.lovKt.tn Jg'-·- One .. ,,~un 
space doe~ not permit (ull Jc,"-nptll1"' uf t•.1ch ... ,tt.• Jnd thf• \1ppr0Jch '' 
somewhat light-hl•JrteJ. I fmH.'H"r~ 11 H,u \utu,,11} , 1,1t 1mt.? ot thl..' pl.,u' '. 
mention pica..,._. trt.•,1l tht! ,tc,•pnc ... , ... ,( PL·mbrok. .. ·,htn: ~ co..1,1 path. th .. 
mstabilit~ of some u( ,1, chtf, .,nJ 11, ,, 1Jl· tuJ,11 r.inp,c-\\ 1th nothtn~ olht.·r 
than respect. 

OrdO\'iciJn 

a) 

b) 

c) 

d) 

e) 

() 

g) 

The Ordo, 1<.:1.111 '-l"qUl'ncc of Pembro1'.,• .. hirc: 

rests unconformilbly on the C,,mbn.ut L111~ul\1 H,,b., [frcm\1duc ,cril'' 

absent). 

is prc<lomit1.rnlly compo...,cd or JMl... ..:olourl'<l, <lt.'cp w.itcr ,h.1lc,_ but 
U,inncr bcdc; of -,h.illm,· ,111)' or 1.·\1k,tfl'OU, -.cd1mcnb occur ,11 v..1nou, 
horizons. 

contain~, "1th in 1t" ,halt: "'t.'<JUl'lllt.'.,, rl'l.111, dy JbundJnt grartuhll'"' 
which, due to lhc lmutcJ '-l'rllc,11 L•,knl u( ~JXXll .. ...,, pro\'IJt: c,cdknt 
zone fo .. ~,h 

pre~enh cvuJ~nc~ or toc.ili..,.._•J but pll•nllful ,-ulc~1mc ,,ctn 1ty; th..
occurn~ncl! of both i,ubm.um~ .tnJ ,ub.1l'n,1I eruption ~uggc,t, th,,t 
cones roSC' to form 1.,l,mtl, 

al"0 contam~ mtru-.ivc ,gn .. -ou"t rod.,, '-'.,pt.·u..111) an lhe form ol th1Cl 
dolent~ "lb 

prl':-ient:, -,ome J1fficulty 111 mll+rpn.1 lJt1on due t<:> l~1tcr.1l ,·anJl1on 
between tJClt.'"i o, t:r ,hort d1,t.1ncc~ (th,., ,, pJrhcularly rre\ .,J.._•nt 
when! ,·oklrn,c .,ctIon produced n1i11or toru8rJphic.1I chJn8lH., to th .. • 
St'a lloor on wh1lh tlw ~edinwnh wlum.~ ~lClumulating). Sec fi~ur\.' I 

is best exposed 111 the north of the county, from the coast inland lo the 
Prcseli l lllls. Sec Fli;urc 2 (wl11ch ;,1,u gives the position ur the 
localities de,cnbed below). 
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SEDIMENTARY IGNEOUS 

ASKClLL 
Rcdhl 1l and SL1dc Beds (5000) 
Sho.>lshook Li--estone (10:,) 

U. Oieranogr.:iptus (• Mydrln) Shales ( I 7Om) 
Little voleanlsn but 

CARADOC Castell Lloestone (20r.i) 
some intrusions oo'ly 
be of these agt>s. 

L. Oleranog["aptus (• Kendre) Shales (IOOm) 
LLA~DElLO .::ind Ll.andei Io Sha I es ( la teu I cquiv,llcnt) 

Dld)noguptus Murchison! Shales (120::,) Stru:-ible Voles. ( 1100ml 
LLANVIRN Didynograptus Bifldus Shales (J00m) and Llanrhn Voles. 

AHNIG 
Tctragr.>plus Shales (JOO,,) Trcffcarne andcsltcs 
Abcrcaulc .>nd Porthgal.n Beds ( 150o) 

STRU~BL E/f I SHGUARD ST. OAV!O'S/ABERE!DD! 

l 
Gooc! .. tck sho1lcs 
Ll.t.ndct lo flags 

x. D, blfldus .sh.-ilts .. . ,, 
=-o 
~ l Stc,-bte volcanic, 

D. blflGus shale.s 

\'olu.nics 

: : : ____ C.UADOC 

_ L_LAfDEii.o--

U. Oicrano. sh:lles 
Castel 1 1 toes tone 
L. Dlcrano. shales 

• J r 

' ,- ' 
' -

- ,. , 
/ 

LLANVIRN 

, 
/ 

/ , , 
.a.Rr::xc / 

/ 
/ 

, , 

, 

D. murehlsonl .sh31U 

Llanrlo.n vols. and 
Hurehisoni ash 

D. blfidu.s shales 

Tctragraptus sh.lies 

Abercastlc and 
Porth~.sin beds 

/ Li:1;ula flags 
(C.\t1BR IAN) 

/ 

?!otc - rocks of the Ash;i 11 Serles 
-- (Redhill, Shoalshook) :ire 

not fol!nd on the coast but 
oc1.ur inland to tht' nonh 
of HaH:rfordl.'est. 

Figure I. General Ordovician Sequence of Pembrokeshire (but note 
there is much local variation as shown by the comparative columns below). 
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I ocalilic1 to, isil 

Whilc\and, IJJ) I l'orth-~I•" r 
l',irl ,,,,,, uf th,, .1r1ttl,• kit our gcologi<ls "'10un111g Upper Cambnan 
l111gul.11l,1g, on lm111hwrdd)n lw,1dland (S1'173152734) As,ummg 
thq h,1H not b,•wnw too cold or J1s1llus1oncd awaiting further 
10 ... tnicl1on ... \\l' c,m now a11m,· thl'm to conhnw .. • ,lightly norlh\,ard, 
un 10 I Ordt•\lnJn (l'orthga1n) b,:d< The Cambrian • Ordo1,ci,in 
1uncl1un run, approximate!) along the northern edge of 
Tm) nh\\ rdd) n but " ,omcwh.1t obscured hy the s1m1lanty of dip 
(,1!x1ut 75 \;J ,1nJ gr.11n ,11c (line) exhibited by both roc1' typ.-;. The 
OrJtl\lCl,111 "h•,t J1,t1nguishcd b) 11> dar1',•r colour and gcncr,11 
al>,tn,,• <>I ,,It parhng, Although fossil c, 1dcnce demon,tratt, the 
1un\11tln lo l>e un«•nformablc (Tremadoc scnc- ab<cnt), and acrurd 111g 
to ~l,ml· i1uthor, ., ,rn.tll b,1'JI conglomeriltc •~ supposedly pre,cnt, I 
1h1111' yuu will hnJ this relat1on,h1p 1ust the sort of field pu11lc which 
mJ~l.', ~colo~) ,u tnll·rt,t111g,111U/or mfuriatmg. Just to lho;1c;t your 
d1kmm,1, ,omc ,,IJu m,1p, clam, the J<mction to be faulted• 

Lo\\ tide I\ 111 ,1!1,11, ,tr,1mbling northward off Trwynhwrddyn 111to 
l'wllng ,nlcl. llcrc a number of almost vertical, light coloured 
111trusio11, c,111 be, ,cw,•d The larger ones (e.g. trending WSW/ ENE al 
%1 7)25 2719 ,rnd 7316 2756) stand as ridges while the intervening 
,mJlkr c,,,mplc, (the number Vhiblc depend, 011 the amount of beach 
lJnd 1>r,·wnt on th, mJ111 floor of the inlet) tend to pmch out over 
rd,lll\CI) ,hurt dt>t.rncc Over to you • arc they dyke, or sill<,, what 
,, .. J,•nc,• ol ch1lhn1; or b.,1.Jng " ,., ,dent along their contacts and, 
,lthoui;h the mJp dJ1ms dolcntc to be lhe rock type, do you agree ,n 
(•\ l'r\' l,.J'C,"1 

The • lmcM mlru,1un, arc of L'ppcr OrdO\·ician age, as too is the large 
lxxly uf g,1bem Imming C.1mlhd1 (S:",I i380 2b00), ,,lmo,t 1111111cd1atel) 
mlantl ut )<>Ur rn·-,.·nt p<i-ition '<o doubt boulder. from th,•rc will be 
h 111>; ••n th~ bca,h ••• that ~ou can personally chcc1' the petrolog1>t,' 
dJm1' that 11 ,, J quJrt; -;.,bbro. 

\\ ful,t Ill P,, llo~; inll't (on,1Jl•r J coupl1! of pomb rclilting l~111di.c.1pl' lo 
),;l'Olom· •J) l l<W, 1, tlw ... hJpc Mlc.l 'Ill! o( the l.ugl' M.',1 "'lt,1c1' JI 

~\I ~'111 2~ 1•1 i;o, ern,•d b) bl>ddmg ,,nd/or cleav,1ge 
.ind or In111tmg? 

h) \\'hJt gcolo1'.1cal structure(,) govern, the tn'ml a11n 
,h,1pe nt tlw two ,c,1 cave, at SM 7306 2757? 

ildor<' rl'lrl',lltng 1ro111 l'wllug, ,p,·nd a whtlc looking clowly at the 
"" •' 1mnwd1,1ldy nuth nf the ,t,1ck. Herc you ,lrL' in the Tdr,1~ra11111, 

It· liut J,, th,·v 1u 11/\ their nJmt•> • 
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Assuming vou reg,1111 frw)nhwri.lJ1 n before the .uri\al of Jn 
mconung tide, you could tlwn go b,,ck tu\\ h,t.-,anJ, c.ir park and tJ1'c 
the coastal footpath north. fhi, \\Ill ,111,", ''"'' to Porthmclgan (mid 
in Llanv1rn shale,) ,ind St Da, 1d', I le,1J (promontory formed b1 
faulted porhon of tlw C.,rnlhJ, g,1hbro). \l.1p, ol St Dand·, I k.,d 
show the ,,tc of Ogut Cn,1.11 (er) ,IJI cJ, e) which ,, reputed to wnlJ111 
excellent ~r«mu·n', of (]UJrlL 11, rr.:up1tnu, plhlllOn ~n~un:, lhJI 
onl} "ell-equipped roc1' chmbcrs or ,u1codal m1nnalog1sh han, J 
chance to tc<t th,• truth ol ,uch cla1111, 

Abereiddi Bay (F1!,•1,re 3) 
No \;Sit to Pembrol'-',hlrl' wuulJ be.· u1mplclc without a fow ht-,ur:, 
here in the home ol O1,lvm,,g,.,,,111 I 1,rnnrn farm "hich, hJ, mi; 
pro,·1dcJ the I) pc wct,on, ga, ,. ,t, nJme tu th,1t stage of the 
Ordovic1~,n, h ',1lui11t..•J ,ll S~I /1)9,; 30 Ii I lt.•rl' )'OU Gm tre,1J m thl· 
footstep!:t of the fJmou, Jnd im,,};llll' thl• ,,enL' \"" ~lurchison him,clf 
<urveyed these rod,., ,1bo11t lu0 ) c,,,_ .1go. not,• hx,, how the Llall\ irn 
farm sign i-, ,ccurcl} f,1,h•nc.•J 10 ,1n ,lll~mpt In deter thl· ll'"""' 
scrupulou~ or studL•nt .,;colo~y p.1rtIL'' from 8lllnang ~1 r~1thcr unique.• 
souvenir! 

Althouf;h Llanvin, m,1y be 11llc~',trng for ilc., nJmL' I'd rtcommcnd tlw 
localit_ic, sh01, n 111 figur,• J a, b<.·111g g<'1log1cally more ,timul,11tng. If 
you ,1,It thl.'m plcJ"c n..nwmbcr th~y ,\ll' JII cl,,1,-,il '-lie,, main!\· ,, ith 
S.S.I. ~tatuc;_ Le.1\'C }Our h,unmcr ill home .,nd ,, orJ... onl}· frunl loo,\.' 
matena.l 

Site A· S~I i952 J092 The south ,,Jc of thi, ,mall quart) contain, 
shale, from the D11ll(mv.~rJ1•111, h_tr.lu; ,one of the Loh·cr 
l.l .. 1n, am. Gr.1plnhtc ,p.. .... 1m .... n, .lr\.' common .1nJ ,ou could 
abo be re\\JrJcd \\Ith a tnlnb1te ur h,o. Overlying th,·,c 
,hales, clo,e by ,1t the northern end of the quarr), " 1hc 
Murch1sono A,h Th,s P) rocl.1stic matcnal i, the IJtcral 
equil'alcnt of the L1.1nnan \'olcamc, (<-ell e,po,eJ on 
Ram,ey bl,inJ • ii you fJnl) J b,>at tnp') and pro, ,de, a 
uxtul mM"-L·r hor11on tur the \hJ LIJn,·im. \Vhat .._., 1Jcm:c 
c.10 )OU (md tu ,ho\, tlu, .1,h \\',1' <ll'po,11ed in a subm.1rinl' 
en, 1ronmcnt7 

Site B • s:,,1 7971 3107 W,1l1.Jng "'""' to the be,1ch car par1' )OU'"" 
p,1s, ro,1d"dc cutting, 11110 ,hJle, ot the D1ely111ogrc1pt11, 
t1t1m:hts<mt ,one. You m,1y find "P'-'c1nll.!n't h1..'rt:, but 1£ the tide 
is out progrc~"t quid,Jy lo ,ill: C whcrl' th\! l'.'\po~urc i"i much 
b~ller. 
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Site C - SM 7962 3108. The northward dipping shales here are the 
classic locality for slabs of rock covered with white 'tuning 
fork' Didymograptus r,111rc/1iso11i. Do not get over excited 
though; your collecting is strictly controlled by the kiters 
S.S.! 

Site D • SM 7971 3120. Proceeding back across the beach, view the 
steeply dipping beds of Upper D1cra11ograpt11s shales which 
form the cliffs at this point. 

Site E - SM 7952 3138. the quarry footpath along the northern edge 
of the bay leads past some old buildings, immediately 
adjacent to which ls an exposure of the Castell Limestone. If 
you arc expecting a nice white 'Pennine' type rock,. you wilJ 
be disappointed by this rather grubby material. Personally, 
I'd call it Limey mudstone but believe me, it does give a slight 
fizz with the acid test. Though heavily cleaved, the Castell 
Limestone Yields brachiopods, crinoids and an occasion.ii 
trinuclid. 

Site F - SM 7960 3140 and surrounding area. Take extreme care 
rounding the precipitous path into the quarry itself. 
Although not nearly of the quality of North Wales slate 
(which has undergone considerably more metamorphism), 
this rather shaley rock was work(•d in the late 19th century. 
At first small vessels beached at Abereiddi to load but, as 
trade improved, a tramway was built to carry slate I 1/z miles 
north for export via Porthgain harbour, The quarry closed in 
1904, since when local fishermen have converted it into a 
superb little harbour (known as the 'blue lagoon') by blasting 
a narrow channel through to the open sea. 

Within the quarry, examination of the reasonably common 
graptolite fauna has shown that Lower Dicra11ograJ1l11s beds 
.ire overlain by those from the Didymograptus murchisoni zone 
(all beds dip steeply north). However, since the junction 
between these rock units is somewhat complicated by 
faulting, it is close examination of their bedding and cle,wage 
angles which proves that the whole sequence here is, in fact, 
overturned syncline with an approximately cast-west axial 
trend and both limbs dipping north. 

Site G. SM 7961 3151. Further proof of the syncline can be gained in 
these quarried gullies (reached by diverting slightly from the 
coast path). Here you should find northward dipping ash 
bands and shales of the Didymograp/11s bifid11s zone. These are 
equivalent to those seen earlier di site A on the souther side 
('limb') of the bay. 
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By now, Jftcr ,cvcral hours of 1\bcrciddi geology, you will be faced 
with the 1.1ml of de,"1on which no doubt plagued the great m,nd of 
t-lurdmon h11mdf Should you sit avidly writing down ,111 det,ut, of 
your l,nds and trying to deduce a cross section of the bay? Or would ,t 
be more n·warding to ,it and cat your lunch? 

Porthgain 
If tr,wclhng here you \\Crc expecting yet another p1cturc>sque co,c, 
Porthgain (51-1 8145 3260) will provide a surprise. The ,ettlement 1> an 
1mpn:"" e n>hc h, ing ,n the ,hadow 1f its industrial past 1o doubt 1t 
will rcmmd 1·ou that e, en ''°lated places could, at one time, cam a fo,r 
hnng b) worl.Jng pocket~ of geology; a <ituation somewhat d1ffon•nt 
from the present touri,t based economy which work!> the pockets of 
g,'Ologist, (and an} one el~,') on hohday! The very informative booklet 
'Round ,md Bout Porthgarn' by Tony Roberts (Aberc,1stle Pubhc,11lon,) 
i, obtamablc from m,1ny ,m.,11 ~hops 111 the Pembrokeshire ,1rca • >0 I'll 
limit my\\ riling, to '1 few bncf points. 

The h,ubour w,1' originall)• constructed to aid the shipment of slates 
from Abcrc1dcl1 .,ml other quarric~ closer to Porthgain. A development 
of this industry lc,1d 10 lmck~ bdng made from crushed slate/shale 
wa..,tc. I lowcvcr, both ~lillc ~rnd bricks became secondary activities lo 
the 111a111 rndu,try uf providing crushed dolerite stone for road making. 
In the e.uly part of tlus century, the huge brick-built hoppers on the 
qu,1y"dc fed thou,and, of tons of stone into the Porthgain Company's 
0c'CI of'" sm,,11 ,1c.,m,h1p, The business involved export to place'> a, 
d1>tant a, London, Oe,·on and Southern Ireland and the well 
con,tructed harbour (rcbu,11 in 190-I) marks the importance of trade 
pnor to 1h demise m the depression of the 1930's. 

Climb the step, behind the far building on the western quay and 
follow the pJth to the dolcnte quarry at 51-1 6070 32n Wh,11 type of 
mtn1>1on ,s rnd,catcd by 11' contact with country rock (best seen 111 the 
landward ,idc of the quarry)? 1Vh1bt up here spend some tune Ira mg 
the ma.cc of tr,,mway, built to carry stone and slate. Where were the 
crusher,,, the bncl. kiln, and the engine houses situated? 

If time pernnt, you coulJ w,,11. nght along the coast path to Abcrc,ddi 
Each b,,y 1) eroded 111to Lower Ordovician sediments wlulst the 
hcadlJ1H.h, ~ue o( contcmpor,,neous lavas or s.lightly younger 
Ordov,c,,111 mtru>1on,. Whal rock types can you identify? Don't work 
too h,1d thou!;h, lc•,1w Ilic geology long enough 10 enjoy the beauty of 
l'ort-llyn bc,,ch (SM 8020 3200), or sit above one of the small inlets 
watch mg the 'ic11I,. 

Rctunung to Porthg.1an, P"U~l' ag.iin to imagine a ship ncgoti.1tinb. that 
narrow cntr.1nn• \\ 1th ,1 follO\\'ing sea. The image of ~!,ting w1th1n 
protcll,n wall, afll'r ., Journey could in0uence your dcci,ion .,s to 
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whether the nearby Sloop Inn ,huuld be your nc·,t p<>rl of call! 

Before leaving the areJ completely. , "'t lunghou,c Cromlech_ at 
SM 8+186 3352 Ple.1se ,><I.. perm""on Jt th,• farm before appro.1chmg 
the monument ,twlf the stJndmi; stone, hN,• once protected the 
central burial chl1mbt.'r within J 1 ~,llithu.: ·Jong barrow' CJn )'OU 
1dent1fy the rods used, where nught they h,n c come from, Jnd how on 
earth wa, that cap<tonc hfted mto p<>-1hon7 

Strumble Head/ Pcn-C,er 
The whole area of thi, JX·nin..,ulJ cont . .11n ... J wt:Jlth of ,·ok..1mr ,-anet} 
,,•,thin the 1100 metre thick Strumblc \'ok,,n,c Sene, (note- some 
authors prefor the altcrn.1tivc n,1nu: o( r1,hgu.1rd \'olcJnic Serit'~) 
Eruphons here dunng the ll,mv,rn produced .1 r,1ni-;e of 0mty nm,· 
banded rhyolites win h can b,_, ;ccn for e,,,mplc, ,n cr,lt;g)' outcrops m 
fields between Tan-y-mp1dd (SM 8980 3925) ,1nd frc,llhro (51\1 8937 
3955). A variety of ,wd,c ,ishe• and tufb Jre .,l,o present c.g al 
c,posures along the side, of the 111111or ro.1d bl'lwccn Goodwick (SM 
9-153 3830) and Pcn-fe1dr (SM '138(, 3838) 

An cxccllenl rhyolitic agglomerate c,111 l,,• viewed nc,tr the hill lop 
immediately ,oulh-ea,1 of C.1cr-le111 (SM 9031 3958). This parhculM 
rock has a very linutcd local extent ,utd could pcrht1Jh tnd1c;itc the site 
or ~1 one-time vent. Examinc 11-, tl'\lufl' ilnd ,trncture c,irctully ~nd ,ec 
,f you ,,grcc. 

Despite the predon11n.1nce of rhyolit,•, ,lightly inland from the 
peninsula's edge, the northern seaward margin of Pen-Caer i> 
composed of b..1>Jlts IOCJlly I.no\\ n a, the 1'1110\, Liva Group. The bc<;,I 
place to sec pillow struclure, " ,n th,• cliff, iu,t bclo" a derelict 
warllme look-out stahon at S1-1 8957 4133, n•ached \IJ the hghthouse 
ro.1d through Tres,mwn fam, I lcrc you can d,semcr e,e'}thmg you 
always wanted to kn01, about b.1,.1lt1< p1IIO\\ ,. Their ,11e, their ,hape, 
their st,,cking p1lmg relallon,h1p,, the p,lllern of \l'"lll'> \\ 1thm them, 
their baking effect, on interbcdded ,h,1lcy rnJt,•rtJI hall there tor your 
inv~tigation. l-lo\,·ever, rem,•mbt:r you arc on .1 ~kepi}' ,lopmg coastal 
ared and your O\\n ,tructurc could hl.<\\IW b,· mod1t1ed by a rapid 
tumble into cold \\alcr. i-ccp ,Jfc or )0Ur nc,t p,llo\\ 1> hl.ely to 
Jbplay nothing more mtcrc'!tllng th~,n th(' \Hlrd-, 'ho~p,t,1I prupt'rty'! 

Treffgame Quarry 
,\lthough recently bcconung owrgrown by i;orsc•, th" quarry at SM 
9590 2395 still prov,Jc, good expo,urcs nf th,• l'reffgarnc Volcanic 
Series (Arcnig abc). Gcolog1l,ll m.1p~ ~how the m,1tcrial ,,s :mdcsite, 
but here crystalline lav~i:, ,1r~ ri1rc ,md pyrotl,l"tl!C form~ prcdommate. 
The west wall of the lJUJrt} c,h,b1b •"he, I\ 1th ripple structun..'>, and 
v~1r1ou5 workt!rs hJ,,(! JcbatcJ it 1111., '''" trul} m~HHl(! or perhaps 
m .. currcd in a crater lakl.' within the cone 1.:omph:, Pcr~nally, I'm not 
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sure how you could prove either one environment or the other . have 
you any ideas? 

The northern part of the quarry, especially the area near the roadside 
fence, has a uperb mix o( large (up to 70 cm. diameter) andesitic 
bombs in a matn~ of purple and green tlnled ash The bombs arc 

interpreted a< ,hattercd plttes of vent rock which became rounded 
during their short but vtolenl p.issase as spuming objects in a seanng 
hot mass of erupted gas, ash and lava droplets. 

Like a lot of geolog,c.11 mterpretation lhis makes a good story but 1he 
1nd1vidual ob>erver •~ still at liberty to make up his or her own mind 
II might also be worth mentally p1ctunng the type of eruplivc bla,ts 
which mu t have happened here during the Lower Ordovician. If 
nothing che, such thoughls will put the discomfort of present day 
gorse bushe,; inlo perspective. 

6. Myndd Preseli (Preseh I loll,) 
this plc,,sant upland region (ming to about 550 metres above sea level) 
contains the typical Pcnobrokesh1.rc Ordovician 'mixture' of slales and 
rhyol1tic volcanic, lntnHJcd by ,lightly younger dolerite bodies. t\ 
look at the map will show that quarries and crags (cerrig) are readily 
available for e.aminallon 

The mo,t inlen.•,t,ng place for slales ,s Rosebush (SN 0780 3000) which, 
helped by a railway line ,n 1870, grew into a lhriving induslnal 
community. 

Slales from here were even used for parts of the roof of the Houses of 
Parhament As lhe quarnes prospered, money was also spenl on 
turning Ro,,ebu;h inlo a lounst allract,on with the construction of lhe 
Preseli l lotel and a nearby gymnasium. Landscaping also took place 
with an ar11fmol lal.e being dammed and stocked with fish, and 
hundreds of conifer~ and rhododendrons planted to improve the 
general environment De,p,le all this effort and widespread 
advert151ng, R=bush never altrJcted the crowds and, as the quaml'S 
dosed the populJhon dl-chned, the r.nlway eventually Cdmed ,ts last 
passenger •.n 1937 Should you have visions of revh~ng Rosebush's 
fortunes with, ~ay, an 1nlernahonal airport and the world's biggest 
theme park. I suggest you check with lhc National Park Aulhority fir.ti 

Prcseh's mo,t famous geological puale is its links with Slonehenge. 
The four rhyol11e blocl.s used on construction of lhe Willshire circle arc 
all exactly similar in lcxlure, &iructure and mineral analysis 10 rhyolllC 
bedrock from such localions as Foel Trigam (SN 1578 3361) and Carn 
Ahv (SN 1388 3375). Even more convincing is lhe fact lhat all 29 
dole rile 'bluc&ioncs' at Slone henge show identical characteristics 10 

Presch dolerite from the Cam Meini area (SN 1445 3250) I'll leave you 
10 ponder how, why (or even if?) lhc 1oumey was accomp~shed and 
wluch end of ii now provides the mosl apt place lo rolkct ;~mens of 
your own. Failure to make the right choice on lhis !alter question will 
provide an environment -..~th plenty of lime 10 rc.,d part 1hrec of lhts 
arliclc in lhe next North West Ceolog1sl llowevcr, v1s1t1ng ,ts 
suggested localities will then require the modified 111le of· The 
Ccolog,st on Parole'! 

Dave Webster 
Soulh Manchesler College 
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COUR ES IN E/\RTII SCIENCES /\TTHE 
U 1\11,J\Sl rY 01· LIVERPOOL 

<\bout lhc Dep•rtmcnt 

The Dcparlmcnt of farth x11·nn·~ JI Ll\erpool UrU\cr>1l} ,, one of llu 
top "' dcp.,rtmmh (Cambndi;c, I dmburgh, Leeds, Liwrpool, Man<hr--.lrr 
and O,lord) J«orJcJ J.\J m.11n,tre,1m ,talus by the Unl\cr"l> Gr,,nts 
Comm11te, ,n th,• l'l!lll mJJ0r )10H•mmcnl renew of E.uth Scicn«-, in the 
Bnllsh Uni\ cr>1l1c,, 1hu, ,11lr.1cllni; more staff and more fund, for both 
tCJ<hini; and research II ,nrnrporales Geology, Geophy"" and 
Occ,moi;raph) Bc,.1u,e <•I the l.ui;,• number and experti•e of lhe ,1.1ff, ,1 
offc.- a '"Jc r,,ni;c of ,,cll mlq,-r,lled f .irth Sciences cour,e, wh,ch can lead 
to an I lonnu.- dc,•,r,,• in Geolui;y. G,'<>phru:, or Marine Chcmi-1'} ThNc "• 
m addollon, an I Jonour, Jr11ree in Phy,,c.,J Geography and G,·oloi;y run 
1omll> "1lh the Department of G,,.,gr.iph) l\lo,1 of the course, arc Slructun:J 
m J w .. 1y \\ hu.:h p1:rm1t, d vcr-1un, w1thtn the Department or to Olht:r fin .. ,I 
yeJr cour,c, 

There 1, a gn.•,1t , .. t.. ... 11 of l'mrh,1 ... ,, on mtuntnining ., friendly atmo~pher\! 
m the Dcpartrnl'nl .1nd .. ,11-io .1 cnr111g n•l1Hion-,hip tow,ircl" ~tudenti; l!uch 
stud,mt lh1, .. , pl·r""on11I .md .1r,1dl•mic tutur whose principal funclion '" to 
otfor hL\lp or ,hh1u• wh,\rwH•r lhl'}' ,lie .,ought on both acadcrnic Jnd pl•r-,onal 
matte~ lh•l-;ul~u tultmi'II ,l·,,ion"' ,lrl• lu.'ltl throughout the fin,t and second 
Y'-"J" Jnd llH.'rl' ~Hl' many oppnrlun1t1l'"' for the 1..tudenls to mret the )laff 
mform:,lly ,h for l \.,lmpll· on fidJ cour,l."' ..inJ departmental \OCltll l'\Cmng, 
Thcr1.· arl· Jl-.o ,tuJl•nt•run );l'OIOJ,;IC,ll ~,nd geophysical socieh~\ which 
JJTJnH,· 1.111,, ""1,11 c,cnl- ,rnJ hdd lnp,, .,11 of which help to fo,t,•r <loser 
n.-lJhon\lur,. Th, n· i-. J ~IJll•~luLknt, Comm1t1~ which me-cb on l, rl~guku 
b.1-.,-, to d1k"U .. m.ith:" of mutuJI (Onn·nl to -.J.udenl5 .1nd c.,t.iff 

I ,dJ •1ud1l·, plJ) an 1mport,rnl mle m all lhe E.:,rth Sciences deHn'< 
COUN.--. ,>nd lhne hJ, l>l·,·n J lonH 1r.1d111un of ficld-ba,ed worl. al LI\ erpool 
The amount ul l,dJ\\orl. unJ,·rt,,~en depends on the degree cour•e 1,11.en 
5tuJ,.-nt ... 1n n(1.:1pt of Lr r\ ~r,m1, rl·c.:1, l~ J fm..1ncial contribution tow.ud-. 
t1dJ,\t 1rk ,ub,1,tt♦nc...- from thl' lJm,1.·,.,,,t) ·., fil'ld support grant and tl11~ •~ 
JJm1ru,1cred b\ th,• O..·pa1tmcnl Howe, er, lhh fmanaal conlnbuhon " not 
.1h\J\-s ,uthcicnt to mt:d Jll uf th1.· ,n,t, of dccommodahon and ,tu,font't 
<houiJ b,.• pnpan·J Ill wnlnbull' fmm I heir mamlenancc aw.ird\ The rost of 
tra,cl on lh,• hdJ cours,.., ,, cmen:d b) lhe Um,ersity. Stud~nt\ hJH' to 
provuJc lht:1r0\\n lll'ld dollunH .1m.l cc.1l11pmcnt 
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UnJcrgraduale Courses. 2 

Cou"" '•m<: Cl tll'l ll>IC> I\ 1111 rm~ICS 

!;CC\CoJ<. 

Rtquir..:mrnl\ 

I< • 5tuJ,·nh n,;,,trrw f,,r PIil SiCS I\ ITII '\CIV T[CI t).;OLOCY (UCCA ~~~t.',if;l ,,, r,,, Pll\~ICS IVITH ELECTRONICS (UCQ\ COD[ rJt0) Jn, 

Couf't.' Contcnl: ,c.1r I, l'h;,k-. 111c ,tructurt• of m,,tter; d(.'('tncity nnd magnclt<,m, 111omlc :ind 
nudc.ir pll\'"U..:'. l'\pl"nmcn1al methods Ma1hcmJl1C'S mJllu:mJhc.il m1.:thod~ 
lor phy,1c, 

Con1.1ct: 

~tuJC"nh ""OO'loC inkn~h dung.? nuy b..-ron,1Jcred for trJmfcr ,1t tlw cntl o( 
the: ..._ onJ \i:Jr 11., Combtnc.-J Honours Cou~ combmcJ l'h)',10 ,,1th ;1~, .. 

llnJI ) r,u ,ubJcO ,u,h ,h lnJu,tn.il M.>n.1g...-mt'nt, Compu1,111on.JI .ind 
(1.111,11l,d "<itnn:, Compuh:r X1eo«, Erononuc-,, l lumJn MO\-cmcnt Scu·nct:', 
\1Jh·n,JI., 5'..n·nc,· ~t,tht>m.JhCJI S4.,ences, P1\'h1Slonc ArchJt-010),")' The) n\Jy 
,1I >() t-..• um.,1Jcn.J for 1h,~ follow ins Single I lonours School, MJ11:n11I-. Sch.'llCL', 
\t.11lwm..i.11c.1l Ph)),ll"' l'h)')IC'" Jnd Phys10,-,.,11h-Eleclronics pro\1dcd th) 
hJ\ t' '-4.:lt.,t..-J lh,• _,ppn.>pnJle option~ .ind s.ib~fil"d lhe nec,-,~ry pn-n."ljlll\llts 

Dr I' DablC), Adm1~"on Tutor. D1:p.1rlmcn1 l)( [Jrth ScicnCt..''-, Umvl'NIY of 
11\trpool,PU llo,117,L1v('rpooll6938X M 051-71J.J5tt,3/3-.t60 
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Undcrgradualc Courses. 3 

C.EOPll)SICS WOii \UTIII \I \TIC, 

r6C1 

8.5< 

Nonn.1lly 3 A•l<"\d~ (ux m.1th, .anJ ph~ ,,~~) .ii grJJeC .\-k,1.·I s;eulo~ , .. not 
an t,:»tnt1JI n-qu1remenl .and lht• mur,.t: J~,um, .. , no rrc\ mw, lnoh J,~,.;c of 
gtolog) Th·o AS.It\ el,; h 111 be ron~1JtrN 1n,k,1d of l,nc A k•\.-d \pph('J1tt<. 
off,mns 1r1 .. h or Scu111,h Higher"-, lnll'flMhon,11 ur rumrl',tn Ban,11.lun:Jh:, 
DTFC .1nd Open Uni\Chll)' Cn•d11, Jr" ,,..,lcoml• 111.'J,e ,..,nk 1u the 
OtpJrtmml for1.ktJ1l'I 

Course Content: Yl'.ir J: MJlhcm,,lk) me lln1..•.ir ulw,:br.i, n•,11 ,mi'll)',h, Htlors ,md pJrllclc 
mc,chtimC"J, m,,1hcm.11ic.il 1nc>1twJ, l'hy..lc, ln1..· -.tllJclun.-ot' mJl!er ,•lcccnaty 
Jnd magneMm, .itomlc ,1mJ nucl(•.ir ph)'lik" 

l-le,1bility: 

Conl.act: 

Yt.u 2; .\latht'tnJIIC"\ inC'" lin,•.ir Jlf;tbr.a ,md o1pphc:Jl1nn ... n:.11 .1nd comple, 
,,n,,l)~IS, furlhl•r milth,•ffliJIICJI ml•lhOJ\, olhl'r Unll\ or .1prlitd Jnd pun.; 
millhl'mallcs Gl•OIOf;)' .inJ gcoph\',lc, Inc prmc1plc, o ,;1ro1tigr.iph)', 
'-cd1mcnlologv JnJ m,ncrJIOS). 1gnt'0U), ,f.'d1mcntJf}' Jnd nu:l.lmorph1c 
p<trolog'1, gtoJo&c.ll m.,P'. ,tructurill 6l'OI~, p.ll.ln1m.1~lbm, r.1J1omnnc 
dalmE; pl.lit t«ton1<", J "'N'~ hdd, .. ork. 

Yur 3: Ccophy,10 me r,plorJhon Jnd ~JrthquJl..e 11e1,mology, [arlh',; 
gr.1\ 1l.1t.ton.if ftcld. grom,1gnc11~m. l'l«lnrt1I Jnd rl«tromJ1,•ru.tic l'l'plurJIIOn 
method~. 1tructurt JnJ compo"'111on of the £,1rlh pl.11t.· tec1onic, JoJ 
gf"Od)nJm1c,., C.u1h JT"1unc""', ,lgn,11 JJ:rOCt'<\4.JnJ(: compuhng; rJd1om1.:tt1c 
d.1hng; te).l'Jrch rNfl"'C1 anJ J minimum of:? "'"~ls hcld\\orl. 
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DEPARTMENT OF EARTH SCIENCES 
UNIVERSITY OF LIVERPOOL 

Undergraduate Courses. 4 

Cou,se •mo: CEOPI IYSICS IVITH CEOLOGY 

UCCA Code: t6-I0 

Aw~rd: B.SC. 

Dur,llion: J years 

Requirement.:,,: Nonnally 3 A-level.s (inc. maths and physics) at grade C. A-level grology 1s not 
an c-.,cntrnl requirement ,ind the course a,;sumcs no previous l<nowlCdgc of 
>;oology Two AS-Jcvds wall l>e considered inste.id of one A-level ApphClnt, 
offering ln-,h or Scotti~h M1shcr-., lntemcat1011.il or Euroric.1n DJc~burr.ite, 
0 fEC i\nd Open Umvcr~ity Credits arc welcome. I lcJsc write lo the 
Dep,lrlmcnt for details. 

Cour.,c Content: Year I: Phy,,c.., me: me<:h,:mu::s; structun: of matter; clcctnoty and magnetism, 
,1tom1c and nuck:ir physics. Geology inc: rntroducl!on to Ploncl Ear1h; 

ri~::t~~r~~fY,lflc~s~('f~~;~'~~~ai:o':'1tcralogy and pNrology; \lructural and 

rluibilit): 

C1ml.1ct: 

\'car 2: Geology ,lnd geophysics inc: miner.ilogy, petrology and s1ructur.1l 
g1:ulot;y, <ttrahgr,,phy, pal.-ieontology and ~d1mcntology; the di?\ elopmi;-nl of 
the l..Jrth, exprorahon geophysics, g1..'0logical m.lpping Jnd field IN:hniqu~ 4 
wed. .. (,, heldwork. Phr-,1~ me: clcctromJgneti.srn; mlroduction lo clcclr0nict; 
, 1br,1tiun-. Jnd wa, ~ 

Yc.:.r J: Ceophy~1cc. me: cxplor,11ion .1nd carlhquilk(.' seismology; E.:uth's 
gr,11,111,1honJI field, gcom.1gn('ll-.m; clec1nc,1I and ch.-clromattnct1c e..--.plor.it1on 
method~; !>lruclur,• and compo~1hon of th.:.• [arth, plate tec1on1cs ,ind 
gi!udyn,1m1c,; [,uth rl'sourcec., sign.11 procc,,sing; computing r.1diomttnc 
dating, n.~.,rch 1>mfl"CI and a n11nimum oi 2 we-eM' Tie Id work. 

StuJl'nt-. ,., hos.c in1e~h change m.1y ~ com;1drn.'C.I for tran-.fer lo Combined 
I lunours Cou™:-:io, combuung G,:ology w11h a new, fmal ye.u sub1cct ~uch J.5 
lnduc.tn.1I M,rn,1gl'mcn1, Compulat1011al ,1nd St.111.stical Sr1cnct-, Compuler 
SC1l'11cc, Economics, Hum,rn Movement Sc1E'ncc, Matcri:d-. Science, 
M,11hcm.llic.1I Scu.:nn:...;;, Prclustonc Archarology 1'hcy m.,y ,1lo;o ht cons1dcn.-J 
for lt.ln-.(cr to the ~nn~I" I lonour, School of Geology ill the-end of the lir.,.t or 
-.crond ycJr 

Dr r O.,glcy, Adnu .. -.,on"' Tutor, Department of E,1rth Sdi.•nc, ... , University of 
Ll\crpool; PO Ho~ 147, L1Vl'rJX>Ol L69JUX T<'I 051•518)/3460 
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DEPARTMENT OF EARTH SCIENCES 
UNIVERSITY OF LIVERPOOL 

UndcrgraduJIC Courses· 5 

Cou,se N•mr: Pl IYSICAL GEOLOGY /IND GEO\IORl'HOLOG' 

UCCA Code: f6FS 

Aw.1rd: BSc. 

OurJlion: 3 )C',U'S 

Requirements: 

Course Content: Ye,n I: Geology inc: introducllon to lhl' Pl.uwl E.irth, pal.icontolnt,;y ,rnd 
.-..cd1mcntology; mmeralt,gy ,m<l petrology, struclur;il i1nJ held ~cology JI il•J-.1 
12 d.1y-. 11...-ldwork Gcogrnphy Inc· phy•Hcal geCli;r.1phy; method, in 
geography .it lc.l"I 8 d,l)!i' f1eld\,·Or~ 1.'0\ 1ron111cnt ,rnd p..-oplc {th1-. l.l:,I uml 
m,1y bl' ,ubslllutcJ by J course 1n compu1111i:;. s1,1t1'illC~, m.ithcm,1110 l.'r 
occanograrhy) 

Cont.Jct: 

Yl'Jt 2: Cl'OIO},')' inc-: p,11.tt.-ontolo&,_V J.nd ~d1men10IOh'Y• str.>hpr.lphy and mJp'>, 
exploration _goophy)IC!>; goolog1c.1I mapptng ,md held tcchmqut.'") four \u.'t ~, 
fit'ld\,Ork. Ccosraphy inc goomorpholO};V, l'Ovuunmcnt.ll changi?, ml:lhoJ:, in 
googr.1phy, php1cJI ~rogr.1phy. 2 ,.,..'t'~· fictd,,ork. 

Year J: Cour\(', inc· gcodyn,1m1c-., "-~dunentology, fluv,al anJ Qu..1tcrn,1n• 
gromllrphology, en&nl't.>nng >;t."Ology, '1 f1elJ rourw dl•Jhng with l"('().·nt l:..uth 
history, I\\ o aJd111on(II geology ORllon-, t'ho,t"n from petroleum geology, 
.1pphl•il m1nt>ral~y; nucrop.ila1..-ontology; p.i:lal'0-1."t'olo~), and one aild111on,1l 
op11on of physic.al gt.-ogrnphy cho.,cn from l'n..,1ronmC'ntal ch,1ng1.•. cl1m;i11~ 
dwng1.• or son.. E.1Ch ~tudcnt .ti~ undC'rt.i'-e, a -.up..-n t'lol'J pro1C'\:t 8 ,.,..-..:}J 
ficld,,·ork. 

Students whO">c mkn">b ch,mge m.iy be cons1dcrcll for tr.me.for .11 Lhc end of 
the fu,-,1 Yl'.lr into t:ilhcr Ceograph)'. or Goologv Smgh: 1 lonourc. C'OUl'St'<; or ,11 
tht.• end of thl.' "JCcond yc.ir into Combined 1 lonours cour'-\?$, with either 

~~~to~~ l~u~~;~lr~r.,~~;;~~~::e ~r:1
1
:rrJ~~~,:;,~~- 'E~~io~~~~.> C~n~~~~ 

~:~h~~:~·~\~~~~;~ t:,h~~?1
1~r>~~: ~~l~~n :r~:~i'!r't ~·)~nt'~1 }~i° t Ft~',l:1~~~:lt~~ 

pn~n-qu1:,1te, 

Dr T P Cnm~. Adm1:i.s1on, Tutor, Ocp,1r1mcnl of E.1r1h Scumct.>-s, Um1,1er.,1ty of 
L1,erpool, PO Box J.17, L1,•(•rpool L69l\X. Tel 051·79-l 5180. 
Dr A ilarHy, Adn11,:!o1on., Tutor, Oep,1rlmcnt of Geo~raph}, Um,•cr,lly of 
Ll\·crpool, PO Bo>. I Ii, L1,..:rpool l.69 JBX Tel 051-794 :!.SiS 
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DEPARTMENT OF EARTI-1 SCIENCES 
UNIVERSITY OF LIVERPOOL 

Undergraduate Courses. 6 

Cou,.. N•mc: OCEA'IOGRArl I\ \VI rH CIIEMISTRY 

UCCA Codo: r6n 

Our.alton: 

Rrqu1rrmen1,: ••,fonn;1lly J A•lcvel.-. mclu1..tmg Ch<'mt.Strv, either phr-,1c, or m,llhetnallC",, .md a 
thm.1 .sppro\ed ~ubjecl, .111 JI i;r.idc C. Two AS-lewis MIi b,· considered 
llhlcJd o( one A•lcv1.•I C.m<hdatcs must have 0-lcvel or CCSE ,;r.-.d~ C 
mJthemahc~ Apphc;1n1"" offering lnsh or Scottish J-hgher.;;, lntern.111onal or 
Europc.,n 0.1cc-.ll,rnre.ite, DTl:C .md Open Unh•ers1ty Cred1h .uc wdcomt 
r1ca,c \\ ntc lo the Ol!p.,rtnwnt for detaifs 

Cour')c Content; Yc,u 1: Fnv1tonmcnt.1I ctwnustry me- natural nnd pollution chenustry QI .ilr, 
soil-. nnd w,1tcr, gcoloh)' inc: minl'ralogy, pctrolosy, p,1l:1con1ology, 
'<'d11ncntology, >lructur,11 .rnd ficlJ pcology: chemistry inc: st.1h's of mailer, 
1hcrinodyn,1m1c~, cqulllbn.1, kinetics, nuclc.ir structure, s1crcochcnwary, 
IV.l<.l10n mt.-ch;1ni~m!t ,,nd b1olog.1cal chcm1.s1ry. 

fle'-ib1lily: 

Y~•r ?: 0«.1nogr,1phy me. 1he ph\•Mc,11 properties of sc., w.Jll'r; cum•nts. 11d1.'"' 
ln!.trument,11 11.-chniquc,, the 1nOrg.1mc ,ind organic chcm1~try of sea w.11cr 
mdudin,; mJnnl.' pollution. Geology and gl'ophys1c< inr pnnc,ph·s .1nd 
ro1l.ll'OntOlogy ,1nJ '-t'd1mtntol%T, o.pTor.1hon groph.ys,cs, de1.•elopml'nl of the 
t.Jrth f\l.mnt" mology ., 16 d.1)'1 v.1c.1hon rou.rse m the Isle of ~fan dwm,stry 
me chtm1!t1ry of n.llurJI products .lnd morg.1.mc chcnustry of tr-• .m<-lllon mtt.ilJ 

"'it".ar 3: Cou~ me chenuc.11 occ.1nogr.1phy. phystc.al occ.mogtJph), m.mnc 
g,-ochtmhlty. Jn.tl) htll chemistry applied to occ.1nography 01wrse manM 
IOpio lncludm,; pollution, the ferttl1ty of sea w.1tcr; hot spnng-, tn 1he d1."tp 
0tt.1n .Jnd the complt.•, tk:h3\ 1our of (!"'.tu.1nes Each student also undcrtaL..-s .1 
pr.1ettc,1I ~u~rvl.SN prqea which often rro\'lde-s ,1n opportunity for fieldworlo.. 
.1nJ J d1,~rt.itu,n on il topic rd.lied to the project 

Studenh who,e 1n1cre5,1~ change ,11 ,1n r.uly st,1gt of tht" coui-se m.1y bt 
COn<;1den:d for tr-,nsft'r 10 other Honour:; Schools proV1dt..'O they hJ,·e selec:h.-d 
lh1.~ approprt,11c option~ ,ind <(Jh.Sfied ,lll th1.• necess,:uy prerequ1s1tc.•·~ You '"'II 
nttd to consult ",th the Jdnuss,on, tutor 

Or ?--1 R Pre~1un, 1\dm1,)1on.s Tutor, Oc1.•.lnogrilphy L,1bor,11ones, Uniwrs•I) of 
L1Vl•tpool, 1'0 Do, 147, L1vtrpool 1..69 JDX. Tel. 051-79•1 409J 

56 

OEPARTJ\IENT OF EAHTI-I SCIE Ci!S 
U, tVER ITY OF LIVERl'OOL 

UndergraduJle Course>· 7 

CouD4' V.an,e. Cl-lF\flSlRY WITH OCEA~OC,RAl'I t"I 

lCC.\ Code F117 

Our.at,on 

lkqulremenli~ Norm.illy J A-l"'d~ induJing ~hcm1., 'C· enhe:r ph),t,~ vr nwth1.m.,o(' JnJ .1 

:~~~~,lj~f;n~~ '~~1~1..t.'!1
1 

·~
1 
.. ~~1f J~;~~ mu ~"h~,\~~ (.~~ll!·~:. t::!1 Jc;t;;:~J~c~ 

m,1thcm.1hc-,. Apphc,1nh offonn~ ln,h or !K:0111-.h 1 h~ht•r-, l11tcm,111on..d or 
European B.1cc.1f.-urratc:", OTLC ,1ml Op..-:n Uni,·,•,-.1l) (r..-:JII.,, .Ir(' '"'cknm< 
l'le,,~ ,, ntt." to the O..:p.trtml.'nl for Jd,11r, 

( uur.e Cuntt'nt; Yc.ir I: Env1mnmt'nl,1I chcmblry inc-· n.11ur.ll ,1od p..1llullon cht·mi,;tr)' of ;11r;. 
<-ml'"-and W;'ller, chl'm1 .. try ((, unit-.) 11w phy,;,,c,11, ur~,1n1c onJ inor~,,mc 
i\f,mn~ 81ology· ,1 16 d.n ~ VJh111Vn wvr--l' m thl' l,ll• u( ;\l,m 

tu11tJ1.I 

Yc.u 2.: Occ.m%raph) inc- llw ph,,u;,11 rn.•~rtu•" ,,1 -~·., \hllt'r. cum•nl, tidc,;., 
m .. trume-ntJl h.--chmquc-., the inOT)~lllC' .inJ v,~.im~ _c;hl•m1,tr\· nl ,c,1 "•11cr 
tndudm& m.-nnl' pollu1mn Ch1.·ml-.tr) ({, UIHh) m1.: ph, .. 1cJI. '-'~.llHI.: .int.I 

100'"&1fl1C. 

Studcnl~ "ho-,.c mlen."""h ch.,n~1.: m I\- t,.• u,n,,,t, re-.1 flit tr.,n.,fcr It> Honour') 
School:, of H1ochem1"-lr)'. C.hcmhtf)' Jn,I \1Jh:nJI Scwmu prtn1J1.J th\"\ h..lH· 
~cd lhl.' .ippropn.JI\' ophon~ ,1nJ '111\lh:J .. 11 lhl' n1.,l"'-,-,lfl rn:reqw--ltc-,. 
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DEl'ARTMENT OF EARTH SCIENCES 
UNIVERSITY OF EARTH SCIENCES 

SUMMARY OF FIELD COURSES 

rART I YEAR: 

Geology; Geophysics with Geology· rh sical 
Geomorphology; Oceanography with Chemi;try Y • Geology and 

(a) 1-2 d,1y during Autumn tenn in Yorkshirc,md the I.Jke Dislnct 

(b) 10 dar m the Easter V,1catio11 based in rembrokcshi~ 
Tlus held course 1s assessed and counts as half a unit It m J 
a,\ 1nt~duc1ion to. a wide rnngc of gcolog,cal fcatur::.,. ~tuJ~~~ 
ar~ mainly t,1l(ght. 111 9r~ups but they SP.end appro,imately 50% of 
the t1111c worlting 111d1v1dually on specific topics. 

PART II YEAR: 

(I) Geology; Geophysics with Geology; rhysic.11 Geology and 
Geomorphology 

A total of 28 da), fieldwork. 

(a) 14 days durini,: the Summer vacation preceding the second )Car. 
The cour:,('. concentratC'S on the devclopmcnl of geological 
111,1pp1ng ,!till,. Student, typically work in pairs and .,re trained 
to produce ,1 detailed geological map of a small area. The course 
"assessed on the basis of the maps, held note-book and any other 
\\Ork produced. Currcnlly used areas an! Connemar,1 in rrel~ind; 
Knapdale, Argyll in Scotland and the Lake District in England. 

(b) 14 day, during the E,ister vacation of the second year. The course 
concentrates on the development of field techmques bf war of 
numerous half-day or longer projects. The type o proJect 
depends on the area studied, but typically co,·cr., a wide range of 
geology. All work "assessed. Current .irea, studied are Mull in 
Scotland ,111d SIV Engl,mcl. 

(II) Geophysics with Physics; Geophysics with M,1the111atics 

(a) 2 Ont.~-d.1y geological excur~1ons during Autunm term. 

(bJ 

(c) 

14 days. f11..•ld m,1pping during Easter vdc,111011. Currl•nt t1re.1 
':itud1ccl 1~ t\tull in Scotl,rnd. 

\Vcl•~tmd field l!"<Cur .. 1on during the Lent lt.'rm 
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HONOURS (THIRD) YEAR 

(I) 
Geology; Physical Geology and Geomorphology; Combined Shi dies 

(a) Honours Project: a combination of field an~ labo~tory wo~k. -r:;e 
student spends a minimum of 6 weeks m the field dunni,t e 
summer vacation preceding the Honours r.ear wor ing 
independentlY. on a designated area. The student 1s allowed bme 
at the bcgmnmg of the Honours year _to carry _out the necessary 
investigation and laboratory studies with the aim of P'?duang a 
detailed map and a report m the form of a 6000 work 1Uustra_ted 
thes,s whkh gives an account of the geology of the area studied. 
The project counts as 25% of the final degree. 

Combined Studies students (studying Geolo_gy and an_oth<;r 
subject such as Industrial Studies, ,Computer Saenc_e,. PrchJStonc 
Archaeology. etc. with equal we1ght1ng) do a minimum of 4 
weeks fielcf work. The project counts as 1 /J rd of their geology 
mark (i.e. 1'6 th of the degree). 

(b) Easter Field Course: 2 weeks in the Pyrenees to study the 
evolution of the Pyrcnean Mountain Belt. The course counts as 
5% of the final degree. 

(c) Field courses related to the various option (e.g. engineering 
geology, sedimentology, geochemistry, structures and 
microstructures processes) the students sek'Ct during the second 
half of the year and which form the basis of the option's pro1·ec1s. 
Students present the results of the field study and the re ated 
laboratory investigation in the fonn of a dissertation which counts 
as 12.5% of the final degree. The duration of these field courses 
varies beh..,ecn one and two weeks. 

(II) Geophysics with Geology; Geophysics with Physics; Geophysics 
with Mathematics: 

(a) One week immediately preceding the Autumn Term: concentrates 
on learning how to use a number of geophysical techniques. This 
s_upplemented by local work on a number of days during tenn 
time. 

(b) ~ne week at the beginning of Lent Term spent in a region of 
mtercst using a wide range of surveying techniques. 

(c) Projects: various problems .studied i~dividually during the first 
two terms and short semtnars dunng the Lent and Summer 
terms. 
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CONSERVATION CORNER 

NCC UPDATE 

The Nature Conservancy Council has been • 
difficult period as a result of the Governm t' d g011_,g through a rather 
separate bodies for Scolland Wales and Engl~;d s Thcm1~lnl tof trisect it into 
m t rr d . . ' ' • IS \\'I O course requ1 ' ores a an money 1f 1t is to work. There arc good ho th I re 
of the c>.tra rc5ource,; will b~ provided, but rcorg~~si';a~~;,\ ~<~~ ~ml! 
rccn1~tment are bound to take lime. The NCC, however, is slill in bu-.i,~e\, 
and 1~ D~ccn~bcr l,,~t launched its policy document, 'Earth Scic:'• 
C~~ erdvahon Ill Britain - a Strategy·, following the pubhc consultation~ 
re crrc to in the la,I Amateur Geologist. 

In effect the document advocates a three pronged ,tr,,tegy _ one pron 
for the 1'-!CC itself, another for national geological/ geomorphological bodiLJ 
and a t_hird (the largest) for local societies, museum,, teachers and individual 
ge?log1st. The responsibilities to be placed on the last group are formidabl~. 
It 1s fairly clear that the NCC has he,wily pruned the list of SSSl's in order 10 

c~:>ncC'nlrate th scarce r~sourcc!:i on the highest priority sites. All the ollwr 
sites deemed w~rth s~ving ill"C lo become RcgionaUy Important Gcologic~1l / 
Geomorpholog1cal Sites (RIGS), and should be selected, monitored .ind 
managed by county - based groups. Ideally these should consist of members 
from county wildlife trusts, local geological societies and museums teachers 
and local ,,uthoritil.'~. ' 

The scale of the problems involved may be illustrated by nne ~mall 
example. In Derbyshire a minimum of 25 sites ought to be safeguarded to 
represent all lhe different lava flows, luffs, vents, sills and dyke< ,n the 
county. Only one of these has retained 5551 status, although three others 
might be added lo the list later. Who is to protect the remaining sites? The 
county has no wildlife trust, no specific geological society. So (.u some 
intcr~sted parties have formed n Steering Group and this is now trymg lo 
raise enough money to finance a coordinating post for the acquisition c1nd 
collation of data. The Group's plans arc highly commendable, but there is 
clearly a long way to go. 

Elsewhere in the North of England there are only hopes and 
a:,piralions. In St.1ffordsh1re lhe Stok.c-on-Trcnt City Museum c1nd North 
Staffs Group of the Geologist~· A~sociation h,1vc nt lec1st rcgiskrcd a li,;;t of 
RIGS with the County Planning Dcpc.1rt111cnt. In Grl'atcr Manchester the 
Country:-,idc Unil, an ndv1sory sl.'rvice for the ten local authorities involved, 
~• least keeps a w,1tching brief on behalf 014 SSSl's and other important silcs 
m the counl)'· ln Cheshire and Yorkshire, we arc told, RIGS schemes arc 
'under con-,ideration'. 

So clc~1rly there 1s ,1 big job to be done here - .;,.nd the North-\Vest•~ 
);;C0log1ci.1l soc1et1c1, and mu,eums .1rL' bt\st plated to do it. 

G.D.Millcr 

MUSEUMS ROUNDUP 

A NEW RECIO AL COLLECTI01 CENTRE 
AT THE MANCHESTER l\lUSEUM 

Backg~l~:~ecent review· of Earth Scic!1cr ~caching and rcsl.•~rch in UK 
universities was initialed by the then Un~ven,1he_~ Gr,1nt1:o Committee (~G<:=) 
,
15 

art or its ongomg programme of ~ub1ect revu.'w and w.1s con?uctcd 10 

tw~ ,;,t~1 ges. The fir:-,t was undertaken by a comnultce, ~ha1~cd by 
Professor E R Oxburgh FRS, whose report - "Str~ngthenmg University E.lrth 
Sacncc,• - was published by the UGC in l\1,,y 1987. 

Stage 2 w,1s undert,1kcn by a National Committee, chaired by 
Professor M J. O'Hara, whose report - "Building for success in the Earth 
Sciences" - was published in m1d•l989. Special l1<.l\~icc on the rat10nahs.1hon 
of museums and collection~ w.1s the rc~pon<;1b1laty of the Museum,; and 
Collections Committee, chaired by Sir Alwyn Williams FRS, whose report 
\\l'JS bsued in June 1988. These documents all rccogni"-cd tl~at because son:c 
Ft1rlh Science department:, would be closing_ down or chnngmg ~he emph.1s1s 
of thc-ir work, sc1entific,1lly important mahmal could be pul ,ll nsk. In order 
to provide a strategy for safeguarding this E.uth Science heritage they 
recommended a major rationalasat1on of Earth Sc1cnct! museum::, and 
colkchons. 

The CollecHon Cent.res 
1-ive univcrsitic~ with type collections or national importance 

(Cambridge, Oxford, Manchester, Glac;igow & Birmingham) hJvc been 
dc,,1gnated as maior "Collection Centres·. All other univ~rsity Earth Science 
departmf:'nts who may wish for whatever r('a~oni, to dispose of some or a11 of 
their collections may transfer them to a Collection, Centre where they will be 
,1:-,,ured of safe curatorial c.1rc. This will 1de,,lly include all type, hgured and 
oh:d material. 

The Collection Centres will be specially funded by the Universities 
runding Council (UFC) to enable them lo care adequately for their existing 
coll~chons and for those transferred from other universities; Jnd in ordl!r to 
hdp smooth the implementation process, the Collections Centres will have a 
rcbional responsibility for the organisation and •rnpcrvision of collection 
tr~rnsfers. TI1e Collection Centre based at the Manchester Museum will thus 
ha"c r!!sponsibility for the north of England which include:, the universities 
of Ncwca~tle, Durham .. Leeds, Liverpool & Lancaster. 

This means th.it the disposal or any collections from those northern 
umver::tiHes \vill be negoltnted by the Manchester Museum .. It does not mean 
that such collections would necessarily come to Manchester, nor docs it 
preclude Manchester receiving collections from universities elsc1vhere in the 

"(:itt lhe Amall'urCeo1ogi!-tl, Vol XIII, part 2 p.t&('' ~II) 
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UK. The five Collection Centres will tend to b 'Id . 
,md in this res~cct the Manchester Collection C~~trt: .t~cir current strengths 
present collccllons or Upper Palaeozoic fossils , ~, h~pefully add to Its 
plants, corals clnd minerals. • ,ort iern England material, 

Role of the Collection Centre 
Apart from the care, consen,(1tion documcntalt d 

ex-panded collections, the Collection Cenire- will h ' . on an rcse,,rch or its 
future wh,ch will include acting as a repos:tory fo~~\a specified r?le in the 
these collccllons, newly published type' and fi1,'llred'a~~c~~~11s1hon_s '.rom 
organisation of reserve collections for the ro . . r mat!nal, the 
~xami~ing n~aterials; ,1nd developing links with ~the~

1
~:~~c 

O 
./e~chmg and 

in their regions. The National Committee 'nd UFC •!so"'' y _edpartments 
t h Jd b • " " consi ered th t cen _res s ou e provided with computing focililies and other ne . a 

equipment to encourage conservation and research on their co1lcctiuns~essary 

Conclusion 

rt~ ii~it~,t.ivc by the UFC will represcnl a major cash injection into this 
arc? o ·art_, c1cnces, but is only the first step in the development of" 
nahonal_ policy to safeguard and build up Earth Science Collections in the 
~mversi_ty Sector. It 1, proposed that a triennial review of Collection Cc111res 
. e 1

1
1eldf m order to identify and recornmcnd pro\'ision for further cxpilnsion 

111 t le uture. 1 

h The M?nchcster Museum is fortunate th,1t its Dcp.1rtml'nt of Geology 
as been designated as one or only five such centres or excellence in the UK 

and development of this Earth Science Collection Centre will further cnhanc~ 
the stron_g rep~1tations or ?oth the_ Museum and the Geology teaching 
DepartmcnL . ~\e hope that 1t will bnng much prestige to the University by 
,lltractmg visiting research scientists to use its sophisticated facilities and to 
work on its expandl·rl collection. ' 

John R. Nudds 
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DERBY CITY MUSEUM 

Derby City Museum has its origin, in the Derby Town and Co.uni~ 
um and N,1 tural J listory Society, [ou~dcd "'. 1836 In 1858 the 

Mu~~ 
1 0 

merged with the Derby Ph1losoph1cal Society which supplied (:~::,:r ~o ec,,mens including m\1ny "fossils" ,1nd Jn e,ten~1v\! hbr,,ry. In 18?0 

11 
Mu}um was tran,ferrcd to the owner;h1p or Derb) Corporation and m 

1
~;9 wa~ moved to a new ,md purpo,e-bu1lt building, e,tendcd both before 

the Flf"t \Var and in the early 1960s. 

During the early years an extensi, e gcolog1cal c_ollcct!on built up. 
However, up to 19-49 much matt!rial wa') loaned ,ll. vanous tune, to lo~al 
:,chool.s ,ind colleges and h,1> s\."cmrngly vam~hed without trace. In J93 ... a 
lh~,,~ierou~ flood in the Museum bast..•mcnt c.,u')ed the lo!-,S or the hundreds or 
gt..·ological ~pecimens !,lored there! Lack. of documcnt\1tion h,1s mean~ that we 
have little record of exactly what wa< destroyed- flw result of all this is that 
Ot!rby Museum's geology colkctions ,,re not nnywhl'rc as extensive or as 
important .15 Wi! might wbh, and they certainly do not do JU!,l1ci.: to a county 
noted for its geolOb~cal riches. 

The present holdings, however, do include a number of significant 
collections. Among the 010!,l intcrc&l11tg 111"1! five ml.11d tablet:, .1ttnbutl.!d to 
\Vlute W,Hson of Bak~well ( t 760 - 1835), showing cross-sections of strata. 
These include a section acro~s Derbyshm.· from l.!J'il to west - onl:' of the few 
-,pec1mens to be rescued from thl' 1932 flood and, .. ,lai., -,howing signs of the 
?'\.'Suiting damage. Then:! 1~ an c,ten~1ve ~erie:, of Qu,1ternary m,1mmah,1n 
rem.1111s, including p.1rt of J collection mad1! by o form\!r Derby ~tu!,t:!um 
Cur,1tor (1873 - 83), Thoma, 1-leath, from tht• famous caves at Creswell Crag,; 
in north-c,,st Dcrbyslurc. There an..· ,,lso a number of finJs from the 
immediate Derby area, of lpc;;w1chian intcrblaci.11 age, d.1t111g from 1895 
(when our most spt:et,1culJr ~pcci1rn.•n, a near complclt..· h1ppopotamu:,, wa.5 
t:"xcavated) to t9n when a range of mammalian !'>pech .. •s including further 
hippo, rhinoceros Jnd str.1ight-ll1!,k dcphant wen~ found dunng the 
construction of a sewer. Ap~ut from tht!~e, however, the collL•ctJons, 
compnsing some 2,500 mineral-.., 1?500 rock._., ,md -l,500 fo,s1ls., do not have ,1 

particular strong Derbyslure b1a-,,. Data arc on the whole r,1thcr poor ,1nd 
tht.>rc .1rc no type specimens. 

r\t the lime of writing there art' no geotogy displays at Derby l\luscum. 
In 1985 the geology section was dismantled to allow m\lJ0r structural rcp..1ir-. 
Jnd rdurbishment to the Victon.,n wing hou-..1ng 1t. Pl.ins for new dbplay~ 
were J1sruptcd by the scrapping of Ml ,1mbiti0U!, N..1tural Hhtory branch 
mu::icum project by thr City Council. 1 lowcver, worJ... ,~ now w~II underway 
for an exciting new geology di,play !'>CClion, part of a larger g.,llcry project 
covenng the natural history of Derbyshire .md occupying ,111 of the old wing 
of the Museum. It will provide plenty of h.int.f,.on C!'Cpcricnc~ and ., 'time 
tunnel' in which ;1 S('rics of dior.,m.1s will portray Derbysh1rt..· at variou" 
('p1sode& in the geological pi1st The relation~h,p between geology .1nd the 
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(often spectacular) landscapes of the C . 
geological theme will be carried on thr~~nt. is strongly presented The 
section, where the innuence of the und I _g' mt~- the s~bscquent wildlife 
be stressed. The basic aim has been t er ymg r?cks on w1ldhf~ habitats wdl 
which will appeal to, .lnd excite the o ~.eate a ~1~uall~ shn1ulatmg exhibition 
the Gallery is scheduled to open' in s;;;n;a1§9~'.s1tor. fhe Geolo1,y Section of 

Derby~~;~:, ~~tr c~~r~~~t"~~s th\ designated geological records centre for 
c,pansion and dcvelopmc1~l111l; tTcnts h_ave not allowed a '-ubstantial 
represented on a stecrin "rou o .· ,e serv_1cc. Mowrver, the Museum is 
appomt a project officer~Jcolt "_1t~ othc'. mtercsted p.irties, which hopes to 
Regional lmpo t l C I _a e 111._ormahon and survey sites, following the 
Conservancy Co~~;;I. co og,cal Sites (R.l.G.S.) initiative of the Nature 

The N,,tural Histo t ff f , Kee er N, k r--, -~ s a O two - Keeper, Bill Grange and Assistant 
P ' c toyes, are Jointly responsible for the geological collections. 

Monda~:ri60~1ty Miteoum and Art Gallery is open 11.00 am - 5.00 pm on 
Sund.,'y '\d •. •~• - . • pm Tuesday to Saturday; and 2.00 pm - 5.00 pm on 

• . , m1ssIon Is free. 
W.M. Grange 

Reference: 

~r M. 1'- Stanley, "Geology Collections and Collectors of Note - Derby 
useurns .rnd Art Galle.ry". 

CCC Newsletter No. S, December 1976 

A much fuller account f th I • f D Collections. o c Hstory o erby Museum's Geology 
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GEOLOGY /\T CLITHEROE MUSEUM 

Clitheroc 1'1useum w,1> established by Chtheroc To,~n Council m _1926 
in the old ste\\ard\ office, part o( the castle compkx of bu1ldmgs. ll c~LStc~ 
d'-a verv ~n1<1ll scJk aff .. ,ir until around 1980 whl'n 1l_ moved lo t!1e stc\,ard s 
hou..,e nCxt door, whJCh hJd been the borough council's offices. n11s optm~d 
up far more -..pace and allowcJ the th~, clopment or a f,1r more subc;t,1ntrnl 

mu..,eum 

Thie., w,1-. further helped by the rnvolvcmt.•nt of the then newly 
e,t 1biic.,hed County Mu£-eums s~rvice, which took. over the care o( the 
colicctllln, ,md displays. W,th their help there MC now six loc,11 history 
gall~ril.'~ ..ind r,vc geology g,1lleries 111 th1..• museum. Al~o housed ~t the 
mui.,eum ,Hl.' the Service's geology collection..,, ,rnd bec,1use of this the 
:\..,51-.tant Keeper-Geology, (myself), is ;il,o bas('d then:', ,11lowing u-, to run ., 
v1"itor service from the muScum. 

The collections, numbering around 20,000 specimens are mainly 
collect-tons made by local amateur,, and now include the collection'> frorn the 
HMn"- Mu~eum in Pree.ton. They .ire wide ranging, but the crnph;isis is on 
the Luwl!r Ctirboniferous fo;;;"ib from the surrounding reef-knoll limC'stones 
with which many readers will be familiar. The dt5.play:.-comprise two 
g.11\~n~, ~,bout the surroundin~ rm.".1, one :,p1tcifically :iboul our local geology 
trail, one g~1llcry cov('ring brieOy the effort,; of locJI nmall.'urc-, ,1nd compn,;;mg 
,, memorial to one of them; one gallery cli,pl.iyinb minC'rJJ,. from the 
collection,; i1nd one g.1llery ilbout the loci1l economic geology. 

1 hi,. last gallery deserves a long mention, as it cont~1in, ~is much as ,111 
tht:' others together. Our most recent project, it contains malC'nal on 
limc"itone, snndo:;tone and water exploitation, c1 guide to loc,,I ll.'nd-mining, 
,ind a look at oil exploration in Lancashirt.·. Containing lifc-•SiL.e 
rl'constructions, working modds and audio•visual material, .:is \\'ell .1s the 
more usu.:il objects, photos and text, we feel ,ve have crc,1ted .111 entertaining 
J:, well .1~ an cduc,1tional exhibition. 

R,esponsc from visitors (we opened ii 111 June 1990) has been very good, 
Jn<l I hopl! you will come ~nd ~~e for your':lclves ThC' museum is open from 
12.30 -4.00 Apnl, May and October, and 11.00-4.30 June lo September 7 days 
a week. Admission is 60p .1du1t~. 30p over 60's .md free for children (with 
adults). I( anyone would like to sec the collcct,on< they can do ,o by making 
arrangements with me. We should be only 100 happy to see you nt the 
mus~•um. 

Steve Thompson 
Assistant Keeper (Geology) 
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HIE BRITISH GEOLOGICAL SURVEY AT WORK 

by DR. A A \VII SO, , PROJECT MANAGER, STOKE-ON-TRE/1.'T 

Conlnbutcs the followms 011 North l\'i.'Sle E I d 
m ng ,1n , south of wnc..,,hirt 

Currently \Ur\'C) ms I> 80~ com lele 
nearby Sc11tc <hn•I wa, published in 1996and ao~nltc ~anc,Ncr Sh.,.,t Tht 
for CM!) prin11ns Pubhcahon of the G I l~cr-.,on"'" prcparahon 
followed fo1rly closely by lhc 1-lcmoir T~; ~i"g~s eei' t 1mnuncn1, lo bt 
coloured plates and diagrams is nO\,; ava1lab~~ 6 o,:•';"o,r \\'1th'"""> 
Geological Su,.·ey, Keyworth, Nolhngham NGl2 sc6 p rom lhe Bnhsh 

In l\o,cmber 1990 lhc North Staffordshire branch of the Grolo "'' 
A,~,aho1: and lhc ln~lilulc of Gcolog1sls 101nlly hosted a two day e.h,b~aon 
~n ectu~e ,e,»1on al Keele Unl\ers11y The display of twelve 1hem,u,c "''I" 
f ~bmg lhc en, iron mental groloi;y of the S1o~e-on-Trcn1 conurb.,11on ""' 
0 owed by lecture, by J G. Recs, M. G. Culshaw and A. A Walson The 

lwclw maps al lhe 1;25 000 scale will be accomp,rnicd by reports 0 ~ both 
cn~~ronn,cnt.il_ .1nd engineering geology; they will bccomr ,1vaili1blc from th~ 
llnh,h Gcolug1c,1I Survey, Keyworth, during 1991. 

1',,pcrs were published m 1990 on the following topics: 

Upper Band - Deller Bed Sequence (Lower Coal Measur\"i, We,lphah•n 
A) m lhc central and south Pennine area by J. 1. Chisholm (Grolog,c.-.1 
Mai;a,mc) 

Strahgr,1phy of lhc \\'orslon Shale Group (Dmanllan), Cra,·en Basin b) 
N J Raley (Procecd1ng, of the Yorkshire Geological Soocl)) 

I he Mcrcia 1-lud,lonc Group (Trias) of the Ea<I Irish Sc., 0as,n by 
A A l\'ilson (Proc,•edmg, of lhe Yorkshire Geological Society). 

Dr Tonv BJ,lcy (ResionJI C<-olog,st, Wales) wntes-

Thc last 12 month, have been p,rt,cularly producll\ c for the RegionJI 
Office for Wales Jt Abcry,lw) th The series of seven l ·25 000 maps of 
northern !>nowdonaa 1s complete ,ind the book on Ordo"oan , olcanasm of 
lhc Jre,1 " due for pubhcallon m the spnng. II rcpri.'Sents the labour> of the 
largest team cwr bn>ught 1ogcthcr by the Bnt1>h Geological Sun cy 11 is J 
fine t..'\ttmplc of collJbor.11ion between Survey an<.J Urnvl•r, 1ty ,1,1(( .11 home ~"t •1bro,,d wh1d1 1,hould bring new utterest 10 th,~ cl.1,,1c.1I Mc,, of hcology. 

50 000 ,c.1lc m,1p of the Ll,rndudno district hn, been pubh,hed wilh 
coopcr,il1on rn llw, c .. hl' between the IJGS Jnd the Ot'partmcnl of Occ,1n• 
oi;r,lphy of the Unl\'Crsaty College of North Wale, at B,1ngor wluch completed 
Jn '"" 1 mJp of tlw orf,hnrc i;coloi;) In South Wales I 50 000 mJp, of the 
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\Nr,:,1\1:nn~· and BnJ>,;l'nJ J1,tnd,, ,, 1th ,l((Omp,rn, 11\); nu.•mnu, • • ,~ now 

J\,lll.lt,11! 

"' th,, 1' ,,·ntten. apphl•d gt•ohl~) mJP"' ut \\·n•,hMtl, ,•,pl'Ct,l~ 
cd I g pufF<N:' are 1u•I p11nllng ,,ul ln•m •' full, .iulomJt 

J~1J;n h'r r, JmnmnT.h,, ,,,tern: J ... •,...101,nwnt pn)J1."1.l I\ h .. •,lllins tlw \\J)" tn 
comruttr ... \ ... l" I t • 

1 11 
"lr,.,dut.:hon ol ri,.ip, on J\'nunJ. pnn 1J1n~ c<, our .v .. . 1ppn•pn.J c. 

~~,t~,~~11.~b.~ .. l' of map line'"'rl,,., burd,ok ... --hJlh, nunm~ rl•cord .. etc wall 
.tllo\\ -..-,, .. \ up-J.1ttng of mform,1hon lhl' P"'Jl'tJ h.1, l~'l'I~ r,1rtl~ ,ufportl-d 
~, th~ Dip.irtmcnl of the [ n\lronmcnt on l,,.•h,1lf uf till' l\d,h Ofhu "ho"; 
inh·rt.·"'l 1' '" proviJin~ compll'' f.l•Uhl~ICJI J.11.1 Ill .i tt,rm lh,11 c.;,n be 
uridcr-t('I\-.J (o1nJ -..o " 111 ~ u-...·-..1) l)\ non•gt."1.,lo>,;1 .. 1 ... 1nJ p.1rt1,ul.1rl\: lhO"-e 
,,ho h.1,l· to mJl,,.e the pl.1nnin~ tko .. 1on, ol tht.• luhm.· 

~u""'' of th,• \lonlgnm,·"'· Rh.w,1J,•r Jnd 1 l,111,IJr d1 ,lmh • the first 
ph., .. ~ of th~· rJptd mappmf; rm1,·d of H·ntMI \\',1h·, 1lfl' nc,\\· u,mplclc ~nd 
tht• 1,r .. 1 m,,p, w,11 be publi,hL•d 1.•,ul~ nt.•,t yt,lr I ht.'''-' J1,1rirt,, hJ...~ 
, 110,Htoni.1, ,1rc being tad.ll'tl by muh1J, .. c.:1plin..1r)' ll'Mll"' who,~ o1lm , ... to 
unr,,,d 1hc un,01,ed my,tcnL'' of th\' I O\H'r P,1l,w,1101L \\'l•l .. h n.1,111 Mo~t 
111 tlw,L' h,,vc nol recc1, cd 'IL'rlfHh 11th.·nt1on ..,inc1.• lhL' n11UJll0 nl lh1.-),1st 
ll'lllury t\p,ut from .:.cic.1nt1£ic 1nll'rl''it, lhl• hu~L' \Hl',1 or n•nlr,ll \V1lll· .. rl,1_nncd 
tor '-un '-'V o, er the nl!,I fL'\\' y<.'.1r,. i... ,ll ., ''-'nou, d1-.~1th·,in1,,gl' tn ,tuU1~s of 
mJm L'n\"lronmental ,l'-pi..•ct... t.x,..-,rn~c ,,( our pn.--,t.•nl l.,rl <'f l,,.no,,·l~J~c ot lhe 
n,l, JnJ ,uperf1cial der<htt, 

\lth<'ugh the mon, dctJii<'d m,1p, \\ 111 ta~~ -...,me ~•·'" In produce, lhl? 
t1r,1 I 250 ~10 -,calc gt.-ologu.:JI map ol \\.lit.•, , .. "-.ht.·dul"•J for pro<lud1on m 
l,it,· Jun,· l'llll lt is bc,ni; produn-J to co111c1dc walh \\'d,h C"1loi;, \\'eek. 
(Jul) 4th - I Ith, l'llll) "h1ch J1m, b) public t'Hnh .ind n1l'J1J rn,er to maJ..e 
r,.-opl,• mon, •"•re of the geoloi;Kal h,•nt,11,,· th,11 bdnni;, lo \\'JI,•, 

An) qucnC'S about pun.:h,1'°1,• o( 111.lJh or houl .. , or Jct,ul, ,,bout the 
, ,tnou, a,pcct'- of geologic.ii wor l l\\.'lllh ,,un~J out bv BG', 111 \.\'all.', .... ~.g. 
r,~1onal t;ccx.hcm1cal sun ey, ..1nd g1.•oph)'"""· ,lu,uld Dl· Jlh .. ln..•,,t.•J to the 
K,wonal Gc.'Olog1st, Bnh,h G,'Oloi;1c.1I ',un,•>· Bryn l1thvn I l,111, Ll,mlanan, 
\l,,>'),th,th, D}fed SY2.HBY 

lln.,n Young (Officer m Chari;~, llGS \Jsh<J,tlc) wnt.•,. 

fh1s y~ar hac;. ~een con"der,1bk llGS o1ctl\ 11, on both ,1d1.•-, ot the 
1'1.·nn1nt.!, In the \\'est, I IOlo .. <.,('.till IIL'ld m.1ppin~ h.1, ltlntrnut.·d within the 
L.lkc 01-.tnct llnd the Cumbrian Co,1H1L•ld Ol't,1!1"•'-I nh1pp111~ or the 
A111bll'.,1d~ (38) sheet • ., .1lmo-,l complrt,· with only,, -.11111ll ,,r'-'•' of rl'l.1t1vcly 
IIMCCl''-t',1blt.• ~round bdwccn I ,1nhd,,h..' ,rnd Sr., l·dl ... 1111 to co, ,•r Completion 
ol tlu, 1, -,cheduled for e.uly 1n thi..1 1991 f1~ld ''-'•'"on M,1pp111)-; of the 
BormwJalc \'olc;;,nic Croup rock...-, ut th" ... ht..•d 1-. lx..·111~ c • .irnnl out br -,tar£ of 
UC!, ,1nJ Ll\erpool Univcr~icv a, p;irt (lf ,1 rl''l.',tr,h ,nnlrJd Tht.· t 10"-
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survey of the Windermere Croup sediments of the Ambll'Sidc sheet tu, been 
the subject of a s1m1IJr re earch contract with Leed, Unl\er,ity On th 
Ulver,ton (48) ,heel OCS, <taff have continued mapping of the 51-iddaw an~ 
llorrowdalc Volcanic Croup rock,. Work on the Windermere Croup ha, 
begun a,., contmualton of the I eeds Universil) n.'Se.uch contract 

The ycJr ha ~en the completion of mapping of the SIJdJaw Croup of 
the Cockermouth (23) <hcct. A re, ,sion survey of the Eycott Volcanic Croup 
and the Carmel. Fell igneous complex has also been completed As J'-"l of 
this re, 1s1on a Mudy of the mineral veins of the Calderbcck Fells ha, been 
inihatcd Particular attenlton will be paid to primary mineral paragenc"'s 
and their mctallogenic <igmficance. Due to other commitment, httle \\Ork 
has been done tltts yc.>r on the Carboniferous rocks of the sheet, though some 
re-interpretation of the Coal Measures (based on mine data) has been started 

Wurl. h,1> continued on the eastern fringes of the Cumbria Coalfidd a, 
part of the programme of mapping commissioned by the Department of the 
Environment At the time of writing three new l:IOk scale gcolog1c.1I sheets 
for the area between Great llroughton and Lamplugh arc in an advanced 
stage of completion. Ebcwh~re in west Curnbrin ., detailed ~tructur11I ,,nd 
~tra11graph1cal rc•1nterprct,1t1on of the area between \Vh1tchavcn ,,nd 
Gosforth ha, been commissioned as part of the geological inw,ttgat1on for an 
underground waste repository. Re-appraisal of existing ,1nd nC\, data, 
including specially drilled boreholes and scbrnic tra, erse,. '"II cn,1ble the 
comp1lahon uf a re, 1scd ed11ton of the Gosforth & Bootle (37 & 47) shcct,, and 
w,11 assist greatly m the forthconung revision of the IVl11teha, en (28) ,he<t 

The re,ults of sc,eral tn,11 boreholes drilled b)• llntt<h Gypsum"' the 
Carlisle area ha, c enabled IJGS staff to rollaborat,• wtth stalf of Brot,,h 
G) p,,um in J ma1or rev"1on of the e,tent, both aerially and ,trattgraphically, 
of the L1a,"c rod,, of the Carh,le outlier. The pn"-"nc..-of Rhachc s.>J,mcnt, 
ha, bc<>n ,,tabh,hcd here for the hrst hme. 

In Nurthumbcrland mapping comm.,,,,1oned by DOC 1n the Morpeth, 
Bedhngton ,rnd A,hrngton area has been completed ,,nd J -er) 
comprl.'hl.'1·,,1vc rt.•port ancl ilCCOmp.inym~ map, publi"'th~d \\'orl " 111 

conhnu,• ill'fl' tu rnmplcte the Morpeth (14) ,hc'el, followed in due cuur,e b) 
a"'"'""' of the lle,ham (19) ,hc-el 

""·' l'r,,I 1ff1port,tnt pubhc .. ,tion\ ha, l' been 1d~.,.,cd Jurin.,; 1')90 Th"' 
lung-,l\,a11<•d S,11,d ,,d,t,on of the Newca,tle (20) 1:50 000 ,hc,•t \\J> 

pubh,hcd lh,• Dnft cd11ton "expected durmg l<J<Jl lhe first J•25()(Xhcak 
\hl.',•t • l.ortn11 & I 0Wl',w11h!1 (NY 12). to rc:,1111 from thl.' c.unt.•111 1tlilpp1n~ of 
tlw I .ikc I)"""' .11,o ,1ppc,11ed Shortly to follm, tlm w,11 be 1·25 000 SCJk 
De,ul., 1\at,·r & Ulph,1 (SD 19) due for pubhcat,on c.ul) m 1'1'11 A ,u1tc of 
m.,p, at t :!.5 lMMt -..:.11,· wa, ,1lw pubh,hcd as part ol the ;\lorp,•th-8,·Jhngton· 
Ashmgton DOI pu>w<t In .,JJ,11011 to showmi; both Sohd and Dnft i;,.,Jop, 
tht.· m.1~ 1llu•,l1.1tc ,uch thl'nl\:, .. 1~ rotl.Jlead l'lev~t1on, t.lnlt th1d..r'h:"", t.'\knl 
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llOOKREVJEW 

TRACE l'OSSJLS • lllOLOGY AND TAPIIONOMY 
by 

RICHARD G. BROMLEY 
Unwm-Hyman. London 1990. 280 pp. £17.95 Paperback 

. One reason ,~hy_ many geologists fail to under,land, or be su,tablv 
C~Cllcd_ by lr,lCC fossil~ IS, perhaps, the Jack of an illu,tratcd guide 10 sinular 
b1ogemc structures formed by living animals This problem, partly sol,ed 
by a superbly illustrated new book by Richard Bromley. In c,-.encc, this is an 
account of burrows and burrow_ing both by living animals (Neoichnology. 
122 pp) and their coun1erp.1rts 111 the trace fossil rcrnrd (Palacokhnology. 
120 pp), but ii is also much more! 

the first half of the book on living animal traces begins by asking the 
question "Why do animals burrow?" - for protection and concei\lment, 
suspension, deposit and detritus feeding, for gardening, predation and c,1en 
reproduction. The question "How do animals burrow?", cites the ~Joie as an 
example and Darwin's classic work on the effect o( earthworms on soil 
111lroduccs the concept of 'biolurbation'. Other chapters in this part of the 
book cxan,inc 'sediment swimn,crs nnd stirrers'. U•shaped burrows 
produccU by worm-lik~ suspension and deposit fccd~rs, ;rnd on am;12Jng 
dh cn,ily of burrows and bioturb;ition patterns produced by bivalvL~, hrart 
urchins, cru,taccans and even fbh sharing burrows as lodgers. The effects.of 
burrowing on the sediment ._,nd the vertical partitioning and succession of tn· 

::,ediment communities in the scJ noor 'tiering' conclude this first half of the 
book acrosi;. the 'fossilisation barrier' to trace fos~ils proper. 

ln r,,rt 2 the author examines preservation 'taphonomy' of trJce fossils, 
dio:;cu~,c~ principle.., of naming and classification and functional 
rntcrprctation, introducing ~cvl.'rt1I 1ww conccpb ..incl terms. Ho,.,.cv~r,. the 
ma1or lhru~l in the second half of the book concerns trac~ fossil aswcM1ton5 
~,nd their intcrpret.,tion as communit1c,, tiers and l.'colog1cally col~crent 
group, or '1chnoguildi;.', ,111 producing complc'C bioturbation pattrrns 111 the 
.,cd1n1cnt 'ichnofobric'. The fin,,I ch.lptcr moves on to thl.' most rece~t 
11ppl1cation of tr;1cc fo,sil Jnaly~b in the ~tudy of core, c~pcci.111}' for 011 
cxplorohon The excL•llcnt qut11ity photogr.iph.., hcrC' ..,upcrbly illu~tr.,te t_hc 
complex ichnofJhnc.-. encountered in core, their int(.'rprctahon and fac1es 
sign1f1canc.-. There is ,1 reference list (20 pp), glo,,ary (6 pp) ,rnd 111d.-x (8 pp) 

Although thC! nuthor s,,y!t th.it thb b i11tcnd1.·J a,,, cour:,e book for 
.tdvanccd ,tudcnts 4 hb lucid tc,t, high qu.,lity person.ii illu,tr,111ons ~md 
breadth of ,ubJcct nh1ttcr maJ...c 11 perfectly undcr~t:md11blt! to a mudt w1dl'r 
rcader~h1p. ll1olog1~t~ .11h.l pal.1cob1ologi:,t, will (111d .1 ne\\' J,mcn::,ion to 
111founal ,11umal,, their habit~ and homes - m.111y of thL'm ~oft bodied The 
'-l'd111wntolow.-.t i.:. rcminJcd of the importance of b10Ac-nic mod111c.1t1011 o( 
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John Pollard 

FOR YOUR BOOK HELF or LIBRARY LIST 

Geol?gical Co .. nsen 1a~o~
4
~cv~~~:-(~~~t:~:;:(} ~:i:~•

1
j~s map!J and diagrams. 

ISBN 086139 ~700, Af, DP i;I BRV l'ublicalions, N,1ture Conservancy 
Price £27 posl free rom cp • , 
Council, Northminster ltouse, Pctcrboroush 11El lUA. 

The Britii;;h Isles J comp~Hativcly -.m .. 111 land .trL'~l, contL~i~, an 
,n\'Jlled SCL urnce of r~k!J, rich and varil!d mincr~1I a_nd fo,:1I dL'po,tlS, Joc.l 

r~nclform< s 1nnin • much of the E,1rth', long lnstory, including most _of that 
• c, the .i:;c:lrcti~ce of lifr. \-VL•ll documented rinc1cnt volcamc cp1sod_t.•s, 
f~~1~us fosc;il ~i;c5 and sedimentary rock c;cction, uc.e? .. ,s comp.1rativc 
,;;~and.ird, around tl;c world, have given these i,land~ .,n 1mportann· out of 
all proportion lo their small <i,c. n,c fact Iha~ these long ,cqucnces .of ,1:a~ 
and lhcir organic and inorganic conlcnl'i, cv,dcnclng cnormo~s pcnod_ 0 

time, have bc~n studied by gl.'ner.Jtioni, of leading gcolog1sts give~ ~~ita111 a 
unique status in the dc,·elopment or the ~iL'ncc. Many of the -~1v1s1?"'-of 
gcolog1co1I time used throughout the worl_d .u-~ named af!cr Bnt1 h -,11e~ or 
area~. for inst.1ncc the c.,mbrian, Dl.'von1an, and Ordov1c1~1n systems, I he 
Ludlow senes or the K11nmcndgian .. ,nd Portlanditrn t-lagl",. fhe Gcolog1c,1I 
Coni;cn•ahon Review (CCR) was initiated in lall' 1977 to as5ei;.s, docum'.:"nt 
and ultimately pubhsh de,,cnpl1ons of the mo,1 import.mt parts of lh" nch 
hentage. TI1e GCR is intended as ,1 review of the current stale of knowledge 
of the key earth science sites in Grc.tt 1Jr1tain. II provides., firm factu.11 ba::.1s 
on which !l>ite con:,ervation will be founUcd in coming yc.,r~. Each of the 
volumes of the CCR series dc~bcs ,1nd th'iC~!-CS 1--ey ,He.;. in the contc'Ct of a 
porllon of the geological column. or a geological, palaeo_ntological or 
mmcralogical topic. Each !l>itc descriptio_n and ~~!,cssmcnt 1~ J }ust1fica1!on of 
a pMticular scientific intl.'rC:,t .,t n locality~ of 1b, 11~1portJ1_1ce m .i ~rat1,h or 
international setting, and ultimately, by 1mpllc.itaon of 1ti;. worthin(':,:, for 
COO',~l'\ 0 i.lt1on. 

This volume, the first in the CCR :,enc~ of 51 pl.1nncd volumes, 
dc,cribcs the Quntcrn,iry rocks nnd lilndfor~~ of WJkt-. ~t covers the 
cv1dC"ncc in the rock record for Pleistocene glaciations, fluctuallng sea levels 
Junng a1nd between these c;,t.1strophlc cold plM-;l',, and the presence of 
.mc1cnt flora and fauna indudmg t.'J rly Mo1n. 1 he :,cverc clun.itic decline that 
char,,cteriscs the lasl p11rt of thl' Cc_no1;oic Er,1 ends with the ~rc~ent 
(Holocene) interglacial, ,1 pcnod of rapid vcgc1,1tlonal change rcn~ct1111; the 
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climatic impro~enwnl "hich ha, come wllh the last le th 
geological lime. n ousand >"•" of 

The layout of lh1, volume reflects a dual need . lo d 
tldcqualcly th(' ~ch.•ntific and con~~rvalion intere'-t of the lemoln,tr.1te 
d, b t I d . oca 1llc, II c~cri ;~, '1nt lo c uc1 ate thl• ~•g01f1cance or ..,it~" in the conte,t of th,• 
, ulum, ,1nd of the QualernMy of Brit,1in. The first chapter 1, rill. b 
Profe»or D Q Howen, is a general account of the Quatcr~ry, •n~nth,~ 
combined with lht' ""'P!•hed conclu,1on section of each -.1e de-cnpllon ;1 
intended_ for the le,, ,pcaahst n,,1der Chapter 2 and all other de-cnpllve and 
10tcrpr('~1vc matcnlll 111 the v_olumc i'ii wntten in languagl' con~1stent \\ ,th thJt 
10 pubhcat1on"' on th~ Pl~1stoccne ,1nd Holoccnt?, irnd 1~ intended for :i 
re,1dership in the earth science, aml n,lalcd fields. ' 

E..,ch account u( ~ site in the , olumc is gt\ en 111 the conte).t or .,n Mc.i, 
the geology and l\l'0morpholoi;y of which i, de,cnbed 1n ,l ch,1ptcr 
introduction Each 101,,lily "described in detail 111 ., self contained account, 
con,i,ting of h1i;hllghl , (a prccis of the specific interest of the site), on 
1nlroduction (with a conci~c hi-,tory of previous wor~). il de~cription, nn 
interprctaliun (JS'ic•,-,ing the funJ,1mcnt,1ls of the .:.He's schmtific inkr-:st ;rnd 
1mportancl..', .irH.l ..1 conclu~1on (written in simpler lcrm(i for the non• 
,pcciah5t). The ,tylc and format ha, much lo recommend lh1s \Olumc to both 
the Qu,1lern.ir) ,pcr1ahst and non-specialist and will be particularly 
appeahng from a geograph.ical poml of,"'"' to the Li\crpool and Manc~lcr 
mcn,bcr-hip. The figure,, l.ugcly redrawn from the original refercnc..'S ,,rem 
J consi,tcnl, clear ,1nd precise style. The 23 page reference list is c,trcmdy 
comprehensive.- .,inJ the index ,.., l'qually compreheno;1vl.' and detailed r;1ng1ng 
from one enlr) for collared lemming to thirty seven for Lale Oc,cn>1a?I The 
next volume;, the "Qu,1lemar) of the Thames•. due out soon. A,<uming the 
future , olunw, will apf>'-'ar in stratigraphic order. and each lake ,IS long to 
produce as the hr,l one, w,111hc "Pr.-cambnan of North \\'e,t Scotland- (Vol 
SP) appear before mo,l of 1t di,,,ppcar, under the predicted r,;ing sea 
lc,cb? ! 7 

0 G. 1 lowcll Tectonics of Su~pcct Terrones: Mountain Duildmg ~rnd 
Conhncntal Growth. Ch,1pm,,n and I l,111, 19S9. 232 pp PJpi'rbact.. (17.50 

FascrnJtmg .1nd -,timultihng mtroduchon to Earth Scienc(t't; liltl'liiil 
t~1lk.mg poml•'iu~pccl h:rram .. -s, their rclallon to pl.:ilc h."Clonics lhc.-ory ~1nd tht.• 
p,1r1 they pla) 10 mountain building and continental growth procc,se-

\V. S. McKl'rrow ,rnd F. B. t\t~mc., Isle or Arran. Ccologi-..ts' 1\:,-,ocl.1tion 
Guide. 19R9. 10,1 pp. l',1perb,1ck t:4.50' 

Primarily addre:,~cd to ..,,udcnl p,1rti~s but a 11!,dul comp<Hl!Oll to the 
updated Murr,1y Macgregor c1<cur,1on guide for anyone v1,1tit1H ~ 
~:ire~1 

rr,inl.. Moseley ct ,11 1 he t...,t..c Di<tnct Geologists· A<soo,1hon Guide 19'JO 
213 pp. Papcrbatl.. L'I so· 

72 73 



Field Leaders: 

FIELD EXCURSIONS 

Liverpool Geological Society Visit to 

INCE MOSS LANDFILL SITE (3rd March 1990) 

Mike Eggboro (N.R.A.), Mark Thcwsey (N.R.A.) and 
Alex McGonagle (W.M.B.C.) 

The lnce Moss area of Wigan has been extensively deep mined to 
remove most of the coal in the twenty-five scarns underlying lhe site and 
dipping genii)'. (about 8°) to the north east. This has resulted in large scale 
subsidence as illustrated by the Leeds-Liverpool Canal \Vhose embankments 
have been built up some ten metres above the surrounding land, to maintain 
the canal level. The surface tipped colliery spoil now forms an artificial 
aquifer and the subsidence has also exposed the local ground water so 
creating a number of water bodies known locally as 'flashes'. (Figure I). 
These are a valuable local amenity used for sailing and angling - containing 
prime coarse fisheries with many specimen fish. In the past there hilvc been 
fish mortalHies due to the eutrophic nature of the water and associated algal 
production. It is important that no leachate seepage takes place from the 
landfill site causing pollution of the flashes. Extensive tests werL' undertc1ken 
to determine the direction of \Vatcr flow in the area. Both surface ,:rnd 
groundwater nov.• is townrds Poolstock Brook in the North West. lt was 
advantageous lo the site development that there are no public supply 
boreholes or wells in the vicinity. 

The area eventually chosen for the landfill site was a former slurry 
lagoon in an area previously mined and tipped with colliery spoil. When the 
slurry from the coal washing was allowed to settle out, a fine grained 
material with properties similar to clny, was deposited. After compaction this 
forms an impermeable barrier. 

Over thC' past years, the statutory consultee on water pollution matters 
North West Water Authority (now r<!placecl in this role by the National Rivers 
Au_thority) have always regarded this lagoon as a high risk situation in terms 
of its use for ref-use disposal and have objected to its development. More 
recently Wigan Metropolitan Borough Council have countered these 
ob1ec~ions by agreeing to prepare the site to a high degree of engineered 
containment together with a comprehensive leachate management system, 
and development has begun. 

Site Preparation 

Tests have shown that the groundwater level is approximately Im 
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below the base of the slurry lagoon. The unsaturated ✓.one was incre,1sed _by 
a hirthcr metre. A base was formed by comp~i~ting thin l~ycrs of 111 situ 
colliery ,hale to achieve a permeability not exce.'dmg 1.0 >-10 m(sec (1 .R.,~. 

19g9). This rorms the secondary b,uricr in a double lmer s1tu~t10n. on th_1s 
reparcd base a 2.5mm thick High Density Polyethylene liner was tarn 

p(F" , 2) The mm wide sheets arc e,trusion welded m situ with a double 
igure • I h r . l ff 

\Veld. During the ... ite visit we saw thclt in such large s ,eel<,, l \! mer 1<, s 1 
and unwieldy and docs not readily take up the ground contours. 

Once satisfied that all the welds form a good seal and that there are no 
holes in the liner itself (e.g. from vandals throwing sharp ~tones onto the 
surface), the whole area is covered by a 300m protective layer of fine ;,l~1rry 
deposits. This layer is necessary because it is impcra~1ve that_no c;;harp obJeCts 
e.g. bedsteads or metal tubing come into contact with the hner a~ puncture 
will le.id to leachate escape. As a further protective measure, the initial fill 
will be of inert waste such as old hou e brick!>. The large spJccs between the 
lipped bricks will create a highly porou, and permeable layer at the base of 
the site allowing the leachate to migrate down slope tmvards the leachate 
extraction pipe. 

The whole site has been divided by a 3m high bund into two phases 
{Figure 3). In turn, Phase I has been subcliviUed into thr~e cells W!ting two 2m 
high bunds. there is a l:t00 gradient within the cells foiling towards the 
st.m<l pipe/leachate extraction pipe. Perforated pipes arc arranged in a 
ht'rringbonc (lear vein) pattern on the base of the cells to carry the leachutc to 
the collection chamber within the stand pipe. th~ pipe~ have been l.1id on 
pla::,.tic and covered with graded stone to prevent the fine grained slurry 
clogging the holes and creatini; a leachate build up. 

The cells will be filled individually, in ,equcnce and capped with a 1 m 
thick cover of colliery spoil. The leachate will drain to the collecting chamber 
nnd will then be pumped to a leachate treatment plant (a lined lagoon fitted 
with venturi aerators). This facility is necessary because the local ~cwag~ 
works could not accept the expected strength of leachate. When 80-90% of 
thl' biological oxygen loading has been removed, the leachate can be pumped 
into the loc,11 sewer. A serie~ of boreholes around the site will be monitored 
to ensure thc1t no seepage occurs. 
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0 Flashes 

~ Sur loce Flow 

Groundwater Flow 

fib'Un• I C,·ography of the Ince Moss S11e 
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M/\NCI IESTER GEOLOGICAL ASSOCIATION 
VISIT TO THE 

YORKSHIRE i\llNING MUSEUM AT CAPHOUSE COLLIERY 

On Saturday 28th of July 1990 lm members of the l\lGA descended u,, 
No. I shaft o~ Caphouse. Colh_ery and al a depth of 130 metres the party were 
shm, n a ,cries of _cxh1b1ls 1ll'.1slrahng the _d7velopment of coal gelling 
method, and machinery. The first was a reahstic reconstruction of the early 
pillar and ,tall system .. A fomily worked together as a unit; the father 
wmmng coal m 111; ~tall, his wife hurrying the filled corves to the road"•Y 
whilst the children sat in the darkness •trapping" (that i, opening and 
closing) the door. • which were essential in the ,·enlilation of the mine. to 
allow thdr mother to pass. 

Moving along the underground p,1ssages the guide, Peler DodglOn, 
explained the principles of each display, from old equlp,ment for 
undercutting,, longw,11l face lo the latest circular cutlers. These move along 
the face dropping the coal clrrectly onto a conveyor held in a framework o( 

hyclrauhc jacks. the jacks ,upport the roof and are able to move the whole 
structure fonvard for thl! next cut without w,1iting for the maintenance shift 
Having recently retired from fulltime employment underground at nearby 
Bullcliffl..' Colliery, Pet('r was well versed in his subject nnd wl,s ""1blc to anS\\"Cr 

members questions and to relate the displays lo the most recent 
developments at Selby. The party were, of course, spared the tcmble noise 
ilnd dust, not to mention the wetting from the water ,pr,1ys which are u,ed 10 

cut down the amount of dust m th air. Nor did they have to wear the ear 
muffs or masks which were essential when roads were being cul All the 
various method, o( transport could be ,cen from models of p1l ponies to 
electric lram.s. 

The highhght of the v1s1t was the w.1lk b.1ck to the surface up a dnft 
which had been driven down to the Becston sc,,m in 1974 as part of a gcner.il 
NCB s11fcty nwasurc D\.'~1de'> providing the intended emergency exit, lltl' 
dnfl ~n;iblcd a dramatic incrl'J-.e in output which had previously been 
limrtcd by the c,1p.1city o( the c,1gc and the r,1tc of winding. A conveyor belt 
wa~ installed to carry co,11 contmuously from the pit bottom to thr screens on 
the surf,1cc. 

1 he mute-t,,kcn was up ,-, one in four incline ,1long~1dc the con\·eyor 
for aboul h,11( J nul~. w1lh frequent rest stop, which co1wl~nicntly roincided 
,,ith brc.tk-:, m the corrugated iron shel'lmg lining the tunnel C~lp lamps 
wen: concl!ntr,1tcd on the rod .. thus n:vc~1led and samples coll~ctcJ (or lnt~r 
cx..imin,H1on thin 1ron-,tonl! band,, co,,b, shale, and ~eat e,uth, Wl'r'C seen 
with ,ibundant pl.:rnt rl•maiib 

Location 

R~kr1..•ncc: 

SE 251 165 On the r\642 HuJdcr,helJ to l\".1J..d1clJ road 
1d 09248-18806 

811'0 An ,mpcrfoctl)• l.1mmatcd muJ,ton,·, sh,,le or ,,ny fine 
grained roe!.. other than ,anJ,tone. ()or!...,. Lane,,(: :-..hdl,mJ 
COUlllll~)-
Sf',\\111' Samly cby or mmblonc underlvmg a co.ii ,cam 
(Yort..:.) 
I IL RRYJ'-;G: The pr.1ct1Cc o( pushm); tub, by h.rnd (Yort...,). 
CORVF Small tub, Ong1nJll) J "°''den b.1,l-ct lur carT)mi; 
,oal fmm the fo,e to the ,hall bollom Jnd up th,• ,h,111 

lt1\ncr, D H. and 1-lcmmb"'J), I E (hhtt>r.) 1971 1 he Gc1•lll!;} ,md 
M111cr.1.l Re'-ourre!, of York.h1r(' I l't...·d, York-,hir~ g...:(,log1c.:il ~<.K"1cly. 

\\r,1\, 11 .\ Sl.,phen,, J. V., ldw.ird,, IV N. and Bron1ehe,1J C E , 1930 
the Gcolo1'\ of the country ,,ruund I ludder-11dd ,mJ I 1,,hla, 
~km Gc,11 Sun England and \\'.116 London 11 :--.1 5.0. 

ll,11 Kennell 
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PROCEEDINGS OF Tl-IE LIVERPOOL GEOLOGICAL SOCIETY 

1989/90 - JJlST SESSION 

1%9 
Oct 10th 

(let 21st 

Oct 31,1 

.Nov 26th 

Oi:c Znd 

Dec 12th 

199U 
IJn <,-7th 

),m 16th 

reb 6th 

rcb 13th 

l·cb 27th 

Xl.lr Jrd 

The Distingmshcd Visitor':, Addre:,.., 'Volctinoc'.'> - Ancient & 
Modern' by Professor 1-lowcl Fr,1ncis. 

Ficldtrip with Or Fred Broadhurst lo the Cc,al Me,1surc, of 
13csam 1-lill and Glo<lw1ck nc.ir Oldh,1m 

13,11 Read on 'Scollish Early N,1m11rian Co,,I ~tcasurcs'. 

Dinner Dance - Atlantic Tower I lotel. 

The Presidential /\ddrcss by Professor Ton)' I lam,: 'lime of 
Deposition and Odormat,on in lhe Central l llghlancl of 

Scotland'. 

Fieldtnp 10 the roaslal Defences on the Wirral by I la.:l'l 

Clark. 

Practical Session .11 the Liverpool Museum by Paul Leary & 
Geoff Trcsise. 

Christmas Social• The Geology of Cheese with Hazel Clark. 

Profo,,or W,1llace Pitclwr 70th Birthday • Symposium on 
'Granites'. 

'Remote Sensing Geology' by Dave Rothery 

M. /\nketell on 'The Plei>tocene of North Afric,1'. 

l'racttcal - Liverpool Polytechnic • Texture, ,n Igneous Rock, 
with Hate! Clari.. S;. Ne,l llo\\'den. 

Terry Sleem,rn - Elcctro111c Surveying in Gcologic.11 & 
Geomorphological Mapping 

f-ieldtrip with ~like Eggboro and Terry Walker to a Waste 
Disposal site JI Ince Mo, . 
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M,,r 181h 

:>.lar :?Olh 

I odulnp "olh Neil Bowden lo Tan-y-Gns,au 

l'clcr h.ol.cl,1.,r on ·snm, don . An E I J 
\'olc.in,c Uphca, al' ' r•or •nary Rtcord ol 

r ll'IJ Da), \\'c,•l.cnd . Apr:?blh 
2'lth 5nm, don,J I\ olh Pclcr Kol.claar 

Officel"i and '\kmbe!' of Council -113,t Se'ision 

Presidenl • Pruf A L I f.im,, B SC, PhD, :>.11 Geol, fG S 
C, Pre idenl ·) 11 \\'hotch,•aJ, B Sc., Ccrl Ed. FG.S. 
Vice Prcsidenl • Dr R ( \\'ni:h1, 1\1.t\, D Ph,1. 
Hon. Secrcla') ·) I) Cro,,lc), B Sc, Cert Ed. II.I.I. Grol., F.G S 
Hon. Treasurer- C W Rowl,111d, 1\.11 M 13.1\1 
I Ion. Assl. Treasurer 1\h" [ 1\1 Baolc,• 
I Ion. [dilor (Ceo!. )oum,11) - Dr. P.) B~nchley, 1\.1.A., Ph.D. 
Hon. ldilors (Amalcur Gcol.J • N. C I !uni, B.Ed & Mrs H. D,w,e,, MI\ 
I Ion. Libr.irian • Mrs I R,nuner, A IU C 
I Ion. Assl. Sccrclaoy &: I Ion. ExcurNlon Secret.try - Moss 11. E Clark, II.Sc, 

I.I.Sc .. A.MI. Ccol. 
I Ion Trea.urcr Spccl.1I l"ues Fund - G. G. I larden, L.D.S. 
Hon. Archlvisl - P \V l'h1ll1p,, B.Sc., A.l\1 A 

I ) Ba,1cr, II A 
R.Camctl 
D. R I lumphrc) ,, B Sc, C<ert Ld 
R S. K1lllc1y, ll A 
T 1\1':tcalfc, ll A 

Membership on 301h December 1990:-

C.R. C. Paul, 1\1 A, PhD 
l\1rs ). V. While 
D. L Williams, B Sc 
Dr. B.Jones 
A. Thompson, B Sc., Ph 0. 

2-15 OrJ,na') l\kmbc" 6-1 StuJenl l\kmber-, 6 Honorary Members and -1 
Ordinary Member-. lol,1I 319 

rhe Ll\erpool Gcoloi;1<,1I l'ro,c lor General E,cellence on 1he Unl\er"ty of 
LI\ ~rpool, C-.>t>lttg)' 1 lonourt Dcgr'-'l' l·inJI~ wJs awarded to 
\Ir 1imnlm:..E..J!ru,1n 

84 

\1,11 I llh 

lun,• lilh 

lune 24th 

Jul) 151h 

O..t hi 

,-,_, ith 

,-,_, 11th 

lld 15th 

PROC[[Ol '1G or Tl! I 
\IAI\CIICSTER CLOLOCI Al \',',Oc.l \I to, 

fidJ e,cur~wn 0.1lrdJ1Jn ~--uh•~' JnJ n11n--·r.1ll"-a1wn 
JrounJ T,-ndrum. Dr I I Tr.Jgu,, Dr K \ I' ,11ncl- .inJ 
~h .. ,S C~r1,, 

J ,cld excur.,1on r .. ,l,lt.'Ol't,11.. , uh.Jna,m • .1n OrJo, "·"'" 
caldera m Llngdal,• • Dr ~I ) Brann.·\ 

r,eld e,cur-1un R.i, l"n..,hmt.•dJh.• 1h, l11w nl lhl• t>, .. nl 1.,ull 
and ii> effect vn the lex-al land-.,1p, • Dr 11 D,I\ '"'- \ 1mnl 
me.?tong w,th the '-orth 1\,-.t Br,10d1 of llw Open l;nl\cr-•t> 
Geological Soatl)' 

Annual Danner ,1l I lulmc 111111 
Guest of Honour, l'rofl.'.,.,ur J Lu,.,rn,11111 

I odd e,cur>1on (,coloi;) .ind buolJoni; ,111ne, of C..Jrlmcl 
Pnory - :>.tr :-.turrJ\' Mot<hell 

The Deep Geoloi;> of Bnlam • ml'lhoJ, and """'" 
Dr A. l\'hotlal.er of lh,• Dr111,h Gwl11g1<.1I Su<'<'\ 

fu.!IJ .,_cur.,1on rJmJon TnJ•,1c ..__.dmwnh JnJ Qu .. 1h:m,11'\ 

deposits near\\ n:,hJm • Dr L lhm·I. 

field e,cu1'1on fldchcr B.101' .1nJ ~vul \1ut,r t.JU,lfth., m: .. u 
RJm,bottom. Dr r \I Bro.1dhur,1 

·interpreting hmt.:,lone ,1uarr1'-, ,h l.lmHorm, • • 
Dr P J Gagen of :-.tanch,·,ter l'olytnhm1. ,\ 1omt m«tmi; ol 
the Assoc1a1,on "olh the \l,1nch,•,lcr Br,rnch ot lhc 
C,-ograph1cal A,'°'ratoon 

r1~ld e.xcu~1on. Ordo, u:.i.,n m1ncr.11i .... ,tu.rn m lJolticllJu Jre.1 -
Dr S.Scotl. 

'Women in Geology'. Dr Ro, Tm.lhunler. 
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Dec 7th 'Gemstones' - Professor r. A. Howie (Royal Holloway and 
Bedford New College). 

1990 
Jan 17th - 'Palaeozoic volcanism and sedimentation in the Lake District' 

- Dr. M. J. Branney (Liverpool UniversHy). 

Feb 14th Annual General Meeting and Presidential Address by 
Mr. W. A. Kennett: 'West Cumbrian Coal'. 

Mar 7th - 'Geology and scenery of North West Scotland' -
Mr. J. Crossley (Liverpool Polytechnic). 

Mar 10th 'Earthquakes' - joint meeting with the Yorkshire Geological 
Society. 

Officers and Members of Council 

President - W. A. Kennett, B.Sc. 
Vice President - A. E. Adams B.A., Ph.D. 
Hon. Secretary- 0. 0. Brumhead, B.A., M.Ed., M.A. 
Hon. Treasurer - G. M. Henderson 
Hon. Excursion Secretary - Norma Rothwell, B.A. 
Hon. Editors (Geol. Journal) - R. M. C. Eagar, M.A., Pll.D., D.Sc., 

A. E. Adams, B.A., Ph.D. 
Hon. Editors (Amateur Geol.}- G.D. Miller, B.A., S. Owen, B.A. 
Hon. Librarian - Audrey Dixon 
Hon. Auditor - H. G. Reading, B.Sc. 
Council -

D. C. Arnott, B.Sc., M.B.A., R. Clarkson 
J. A. McCurdy, M.Eng. P. A. Selden, B.Sc., Ph.D. 
J.E. SiddeJley, B.Sc. J. Spencer, B.Sc. 
J.E. Treagus, M.Sc., Ph.D. (Ex Officio) Mrs. B. Whitehead, B.Sc. 
President, University of Manchester Geological Society (Ex Officio). 

Membership, Autumn 1990 _ 
173 

O
rd

inary Members, 8 Student Members and 3 Honorary Members= 184. 
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This new publication is available to members 
of The Liverpool Geological Society 

and The Manchester Geological Association 
at the special price of £3.00 (inc. p&p) 

Price to non-members is £5.00 (inc. p&p) 
and student non-members - £4.00 (inc. p&p) 

Please send cheques, payable to 
The Liverpool Geological Society 

to: Mr. N.C. Hunt 
Engineering Geology Unit 

Department of Earth Sciences 
University of Liverpool 
PO Box 147 Liverpool 

L69 3BX 




