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Summary• 
I 

After Ltn introduction brio£ly outling the possibility 

of \; cstcrnhope Old Vein continuing in n sou th-eastorly 

direction as a miner~lised fuult, a section ia included 

describing the goophyaionl methods used in tho pl,'esout survey. 

In the next pa.rt of the report results are pretrnuted 

from geophysicnl traverses over a known voin in the area., 

in order to determine the kind or anomaL1es liKely to be round 

over such features. 

A large section is devoted to the results obtained from 

a number of tra.Yerses over the possible line of extonsion ot 

Westernhope Old Vein. 

give comparable results tQ the normal E.M. method, u.nd waa 

much quicker to carry out. 

From the results ~he unomaliea fouud were plotted on a 

,n(l~P of the area and ·some indication of a continuous linear 

feature is givon. Rocommend~tions are made as to the two 

most suitablo sites tor :further 1.nvest1gat.1ona.l worlt .. 

'l'he 5:-eport conclu<les with o. iswmttary of :turther 

geophysical work conteuipla.tod in the area., both as a.n 

cxtonsion to the present survey, and from a resonrch point of 

view • 

. \n appendix describes t;io basic principles of -thu three 

gcopl~sicnl methods used in the survey. 

1novin~-source-recoiver ::;.M. anll electricnl resiativity. 



Hoport on nosults of Geophysical Survey to Locate Position of 

Poss iblo ~~xtonaion ,of Wosternhope Old Voin. 

,lntro<1uotio!!; 

\~ontornhopo Old Vein wo.a tormorly workod :for lon.d ore in 

tho 19th l;on.tury. l•'luorspar bas since been worked from the llwnps 

in the vicinity of the mine. 

Tho 1" GeoloBioa.l Map (Sheet No. 25) shows Westernhope Old 

Voin continuing in a South-E~sterly direction as a fault downthrown 

to the North-West. A fault with a. slightly difforent strike, 

downthrown to the South-East continues down to the jw1ction of 

,.'irogill North Vein and Little Eggleshope Vein. Six inch to the 

mile eeologicnl maps in the possession of Samult Ltd. show a slightly 

difforont pattern of faults. 

It is thought that Westernhopa Old Vein may continue in a 

South•Gasterly direction o.s a minora.lised fault a.nd link up wi1;b 

Wi.rcgill North Vein end Little Eggleshope Vein. The present survey . 
"·u.s initiatocl to tost this possibility a.ncl looa.te likely site8 £or 

t 

:~oochomico.l work, trenching, drilling, oto., 

'fh.o basic E.t,l. survey which was requested has been supplemmt,ed 

by n limitod a.mount of elootrica.l rosistivity work nnd somo V.L.F • 

. ,,;,i. cx~,orinents a.s a pa.rt of the Mining and l!ineral 0ciencos 

liopa.rtmo11t reaau.rch programme., A descriptio11 of this pa.rt of the 

work is o.lso included. in this lleport. 



~lethods Used. 

Moving source-receiver EM has been used on o.ll the trovor:ios 

c1ouo so fn.r. The resistivity method has been used on only one 

travorse A.pa.rt from tra.verson over a known vein, Little Eggleshope 

Vein. Towards tho end ot the field period VLF Z?II was triod over 

Little Eggloshope Vein and two of the traverses to~ the aurveyi 

Notes on the principles of these three different method• are 

npponded in ~epnr~te leaflets. 

In seo.rohing for tluorspar veins, the theory of their 

location assumes that the veins themsolves are more fissured than 

tho country rock.· This fissuring allows a greater water content 

(~ucl honce o.n increo.se in the conductivity of the vein compared t.o 

tho coWl.try rook. Galena, n cornmon associate of f'luorspo.r 

1:iinoralisa.tion, probably ple.ys a significant part in making the 

voin a. conducting body, but tluorspar being a non-conductor cannot 

bo detected directly. Because of this it ·must be stressed that at 

this point in the research work concerned with the search for 

fluorspa.r by goophysioa.l means, little is known of the differences 

hct.weea a.nomo.lios over non-mineralised faults a.nd those over veins • 

. \:; faults aro fairly often mineralised in the ~Iorthern l 1e11nines 

loc,ition of such at the surface ma.y provide suitable targets tor 

,trilling. 



,~otml ts ovor Li ttlo Em~loshopo Voin 

Traverses over o known voin, Little i;;ggleshope Vein, have boen 

1:1nJ.o in ordor to tliscovor the kind of anomalioa to be cxpocte<l when 

searching for new veins. 'l'he location of the traverse is shown in 

l•'ig. 3. 'l'ho cow1try rock in the vicinity is sandstone holoaging to 

the lower pa.rt of the Uppor C.a.rboniterous ~ystem. 

u • ...• nesults. 

·~.:.:. Traverses havo been done using two frequencies at coil 

sepu.ro.tions of 30 motres and 60 metres. '.i'he resul1;s a.re shown a.IS 

real n.nd imaginary component values for one frequency plotted against 

traverse <listanca. The imaginary scale is on the loft, the real 

scale being on the right. 

'£he traverse results for a. coil separation of 60 motres a.re 

shown in Fig. 4. Using 3520 c/s tho ima.Hina.ry component values show 

varying noaa.tivo values up to -4;~ until a. positive peak is ron.ched 

nt 270 motros, follo\1ed by a good negativ:o a.nomaly at 3:30 metres. A 

socou<l positive poak1 smaller tho.n the one to the 'i-Jorth, is seen at 

400 ruotres. The la.rger positive peak being to the r;orth suggests 
f . 

that the vein dips iu this direction, but other evidonco discussed 

later coutradiots this. The vo.lue 0£ -4,-~ at 190 metres co.n ·only be 

tormcd o. doubtful anomaly as it has only one positive peak 

o.s:rnciatcd with it. The reo.l component vo.lues for the traverse show 

fo.irly wide va.rio.tions, mo.inly negative, with o. nogo.tivo pea.It to the 

:iouth. Thii; i>Oo.k mn.y b1) duo to o.n und.orlyiug shale loyer. 

'.i.'he width or the tinomu.ly associutc<l with tho vein is 

approx ir::ri, tcly 90 ; .ctres, inclica ting n. broo.d zone of contlucti vi ty of 

30 uotrc3. '.i'ho vciu can be termecl ~~ poor co,ld.uctor o.s the ratio of 

rr!a.l to i:·JnL:iun.ry co:::;>o,:outs o.t the a.nomaly is loss than ono. This 

lrnvn.N;c 1.ocu t.n.-,, the veia about 20 metres to tho South of its position 



Using 880 o/s u. good anomu.ly is seen for th.o imu.ginnry 

component at 320 metres with two positive peaks of equal size on each. 

aide. Elsewhere the imaginary component shows low negative values that 

nro :fairly stable. The real component shows small varying valuos, 

ma..inly nogativo• with nothing of significa.nce over the vein.· As 

cornpa.rod to the curvos for 3520 c/s the anomo.ly is wicler and displa.cod 

sl i11htly to the North. The anomaly size for the imaginary component 

is larger for the higher frequency, this being in accord vith 

eloctromaenetic induction theory. 

Using n coil separation of 30 metres, curves for the tra.verse 

nro shown in Vig. 5. Using 3520 c/s the imaginary component shows 

a small anomaly of -2,·~ at )10 metres, with.a positive penk on eithor 

side. Apa.rt from the a.nomc.ly and its associated positive poaka, the 

imaginary component generally has a small negative value w1til 

365 metres when it becomes positive. This indicates some small change 

in the lithology of the surfo.ce rocks-. The real component shows 

nothing of significance 

Using 880 c/s the imaginary component shows small nogative 
t 

vulues with a poa.k at· -o. 5,; over the vein. The change to slightly 

positive values occurs nt a. similar position to that when usiHg 

3'.:>20 c/a. 'l'ho roal comrouont shows fairly wide varia.tions with 

aothing of significance. 

The o.n.01:in.ly centre using a coil separation of 30 metres is o.t 

310 1;ictres for both 3520 and 880 c/s, this is in good ai,reo,1ie11t with 

tho known ,, ,sition of the vein. ',';ith u. smo.11 coil separation the 

po.rt of tho vein uctun.lly "sa.mpled" is nearer the surface than with 

ri L~ru:•-•r coil :;cpo.rn tiou. As the a,noma.ly contro is pos i tioucd 

further to t110 :;outh for the 60 metre coil separation this indicates 

ii1"t 1,ltc ,ein in i'act <lips to tho ~iouth. 'l'ho ln.rao positivo peak 

to tht, .. orih of the anor,a~ly when using 3520 c/s and 60 metro coil 

separation. 1.mst be ea.used hy sorne · gcolo:.~ical fo:i,ture to the ;{orth of 



In considorirlg these results it ia seen that tho lo.rgest nnd 

most easily recognisable anomaly for the imaginu.ry component is 

obtainod when using 3520 c/s with a coil ~epuration of 60 motras. 

The real component values do not appoar to contribute significantly 

to tl1e results. ~ith a coil soparation of JO metres tho uuoroalios 

o.ro much smaller and the ncar-surfa.ce ~•ologica.l ei'focts aro shown 

,1 ,, 1.1uch moro • 

'"' . t. 't ., lt ,,CS.l'.S l.Vl. y .wCSU S. !1oe }'ig.6 

The £irst part of tho travorso shows resistivity values up to 

1200 ohm-metres, with tho smu.llor olectrode spacing giving the highest 

rendings. Betwoon 100 and 270 motres a broad low resistiviiy region 

is encountored, the lowest ro~dings being obtained with the smallest 

olectro<lo spacing. lligh resistivity volues at 280 metres are followed 

l1y a low rosistivi ty area C<illtred on 350 metros which is thought to 

illdicuto the vein, in a position, however, slightly further South than 

both the 'l.!,.F. E.M. and E.M. methods indicato it,. From this anomaly 

tho resistivity valuos sharply iucrca.so a.gain. a.nd then remain foirly 

s tea.dy for tho ,rost of tho tra.vorse. 

The ctirves obtainod show~ distinct pattorn with regard to 

resistivity and spacing. For the hir,h resistivity regions, tho highest 

ro~1 isti vi ty values a.re obtaii:..od for the sma.llost eloctro<le spacing, 

with decro,~sing values for increo.sed spaciug. 'i'he opposite effect is 

fi0.<?n to ho tho caso for tho lol'I resistivity a.reu.s. One possible ca.uso 

for this u1n.y bo tho oJ.'foct of ovorburclon. 

lleal n.nr1 cp1adrtd,uro com;ionont vnlucs are hoth posi ti vc for tho. 

fir:;t "urt of the tru.vcrsu. l1or the real corn;}onont l\ cross-over is 

r.:coa ,•,{., ~~nn rnetr']s, '\'his corrolutos with u low resistivity rogion, 

·.t J40 rnetres a. good anoinaly ia oncouutcrod with strong peaks 



on both sidos. 'i'he quo.d ro.ture corn;)onent polu.ri ty foll own the rcu.l 

component an<l indica tos thi~ t the voin is a poor cornl uc1tor ~ 'l'he 

relo.tive sizes of the peaks .sugr~est that the voin dips to tho :~orth. 

This is in n.t!reemont lfith the e.:.i. results using J520 c/s u.ml o. 60 

motro coil separation, but at variance with tho cvidenco from the 

other 
,, . 
.t.. "'. results. 

'l'he rent of the traverse shows the roo.l compo1.1.ont vo.luos bocoming 

incrou.singly negative, while the quadrature componont is slightly 

positivo. This may be duo to an unclorlying aha.le layer •. Simil~r 

cffecto wero noted for tho ~.M. travorsa. 

;..:AA, the station used tor this V .L.F. E.M. tro.vorso, is almost 

in line with the strike of tl10 vciu o.nd thorefore gn.ve. a good anomaly. 

ituadings woro also taken using GllR, but, as would bo expected, the 

results showed 11othing of oignifico.nce as this transmittor lies iu a.n 

u11i'u.vouru.blo direction to the strike o:f the voin, 



;,Nrnl to ovor :·ossihlo Lino of Old Wc.HJternhope Vein. 

'i.'he positions of the tro.vorses completed are 1:,hown on a 

map of tho urea depicted in Fig.8. 

Initially 'l'ru.veraes 1, 2, 4, 7 and 8 woro locnted in o.n attempt 

to find rocogn.isable nnomalioa that might indicate tho vein. 

'i ruvcrses J, 5 a.nd 6 were then looo.tod according to results obtained 

i ,J.i tio.lly. £.M. monsuroroents have boen to.kon over all tho traverses, 

v.L.F. E.ti. ueing triod on tra.versos J and 4. ltesistivity JDeasuremonts 

wore taken over traverse 8 • 

.. he couut.ry rocks in the vicinity of tra.versos 1 ~o 7 are 

s[ll}.dstones and grits bel?nging to the lower pa.rt of the Upper 

1. u.rhoniforoua :5eries • 1'ravorse 8 is loco.tea ovor al terna.ting 

sn.n,lstoncs and sha.les sli~htly lower in the succession. 

,..'he irnu.Hinary component shows small, slightly variable negative 

Vdluo:., with a br(,>a.d anomalous zono peaking at 380 n.nd 430 cietres. 

Ji.10.ll posi ti'vo poo.ks occur on en.eh side. '£he real compollent 

/\onortilly shows positive fluctuntions• Using 880 c/s the irnngina.ry 

co1nponont co1d'irms the broad u.norno.lous zone with anothor one further 

to the :forth-_;;u.st. The real component a.gain shows fluctuations of 

~ po3i~ive or<ler. 

£ho ttau1:10,ll(JG ol.d,o.inod ou. this truvorso aro of doubtful typo u.s 

t!1oy r. re not of the ri;;!1t o:..•ri or of width to indico. to nu.rrow varticul 

·;cius nor do thoy 8how u. stoacly rise o.ntl 1'u.ll to some peak value. 

•'.L.; ,_,-. vu,·:-;,; i:.. located J~ motres from an old air shaft and the 

-'- •
1 i~l , .• 1·y co1,1111H1ont valUt'S for 3520 c/s show thnt it starts to one 

·11 de of ,l .i>os::1ihlo u.i.o:ialy. '1'_liis may bo cu.used Ly metal bars etc. 

·U.hiu tht! shaft it:-;clf. 



The irnagi llil.ry component at 3520 c/ s shows two ano1111.l ios 

locato<l n.t 80 n.nd 180 metr·es and _those a.ro accot.,;mn.iod by large 

ucgu.tivo values for the roa.l component. Tho ro.tio of ron.l to 

ima~innry components tor the first anomaly (at 80 m.) is slightly 

losa thu.n one, a.nd for tho more North-.Co.storly u.noma.ly it is 

slightly greater thu.n ono. Those values indicate structures 

having a. higher conductivity than that found over Little 

·:g1il~)shopo Vein. For B80 c/s tho imaginary component values show 

nnomalios at 80 o.nd 200 metros. At these poiri:t.s thnro a.ra lase 

well-dofinod real component anomalies. 

For 3520 o/s tho irno.gina.ry component values show no definite 

.ino1au.l ios but negu. ti vo pee1ka occur a.t 60 nnd 200 metros• 'l'hese 

nc1_~a ti vc pea.~rn for the ima.gino.ry component a.re confirmed by similar 

Olles of irnialler magnitude when nsing 880 o/s. I•'or both 3520 a.nd 

080 c/s the roa.l component values show noth~ng of significanco. 

On this travorso the ironginary component values for 3520 c/s 
. 

~how a very good auoma.ly at 180 1:ietros and o. smaller anomaly o.t 
JOO metres. The positive peaks on each side of the :rir.st anomaly 

a.re vory small but indicute o. sli,ght clip to tho North-i,;ast of tho 

f ,',l turo ea.using the u.nomaly. The positions of these two 0.1101,1,il ies 

i..i:e -:oaf irna<l by poi.'l.ks or sinu.11 or rnut~ni tutle in the so.:ao pas i tions 

~hon usin~ 880 c/s. 
" 

For tho re:Ll corn.,ononts at J520 c/::. a neg,~tivo vo.lue is 

••,.1:)u:rcmt for lll)i_Jro:,i;.1a.toly the first 100 rnotres of the traverse 



vo.auo now1. ti vo nnomo.ly, o. posi tivo poak n.n<1 then al iHh tly vurying 

positive valuea for the rest ot the traverse. 

For the roal oomponent at 880 c/s negative values nre again 

soon for tho first 100 metres follo"ed by slightly varying positive 

values for tho rest of the traverse, apart from one negative point 

o.t 270 motres. 

'!'rn.vor80 5. ~>Oo Pis.1). 

Imaginary component values for 3520 o/s show a good a.nomaly a.t 

170 metros with positive peaks on oitber sido of it. 1'ho •i~u ot 

those pco.~t.a indiotAtoa a. dip to the Nor-t.h-~o.at of the f&n.ture 

.ea.using tho anomaly. lko.l component vo.lues show positive peaks 

on either side of the imeginary oomponent anomaly with & alight 

negative region over the anomaly itself. Tbo a.nomaly io confirmed 

by imaginary component values at 880 c/a but the real component 

valuaa aho• nothing of iuterest. 

Traverso 6. 800 11ift.14. 

On this truverso, readings were takeu at a frequency or· 1520 

c/s for t'\'fo coil spacings, namely 60m and .,0m. Any anomaly found 

using tho larffer coil spacing would decroase in size when using the 

small coil spacing if it were caused by a foo.ture at dopth, whereas 

if the anom~ly was cuused by overburden effects, theoretically it 

should increase in size wi thnzt1a.ller coil spacing • 

. ~n indotcr.,d.nate irno.gina.ry ooms>onont anomaly is found a.t 

170 metros when u~ing n 60 mo-tro coil spacing. No positive poo.ka 

nro present on either !'!ide of tllc ano;11aly. Using the smaller coil 

s ?a.C iuG tho u.nomn.ly is seen to ui~upj>en.r cornpl l'tely which SUGf;osta 

tho.t it is caused by sor.10 cleop-seo.ted. fau.ture. 

;.or the 60 11wt-re coil spacing tho real co111ponent valuos Eire 

jlO:.d tiV(! exco1>t for ,, nogtitivo rot?ion over tho irnagino.ry co,;ir>oncnt 

:-1H.n:i.ly. Tlto runl co:·iponcnt values for )Orn ure 11et;n ti vo oxcqJt for 



Traverse 7. Soe Fia.15. 

For 3520 c/s imaginary component values show two u.non,o.l ies at 

470 aud 620 metres, the latter being the larger of the two. Doth 

anomalies are o.ssocio.tod ,~itb regions of negative real component 

values• the ra.tio real to imaginary component tending to one, 

suggesting that the :foo.tu.res causing the anomalies have a modium 

conductivity (greater tha..n Little Eggleahop• Vein for example). 

These anomalies are confirmed by regions of zero and slightly 

uegative irno.ginary comi,onent values for 880 c/s. The real component 

values for this frequency are negative for the whole'of the traverse 

and show nothing of significance. 

Traverse 8. See Pig.16. 

This traverse was sitod over an area which had distinct 

disadvantages for geophysical methods i.e. fa.irly steep topography 

and alternating sandstones and shalas. The traverse direction was 

upproxirna.tely perpe11dioula.r to tho stril{.e of the geology. 

l•'or )520 c/e ia10.ginary component va.luos o.ro fairly steadily 

negative, until ~n area trow 90 to 210 metres over which they 

fl uctua:te widely• becoming steu.dy a.nd negn.ti ve for the rest ot 

tho travorse. This pattern is ropoated for 880 c/s with the 

fluctuations being iu stop with oach other for both froqueucies. 

The ronl component vnlues for both frequencies show wido 

v,irintions for the whole of the tru.vcruo although some l'dnd of 

rattorn is discernible. In the region 90 to 210 metres a positive 

vulue for the imag-ina.ry component is accortipanied by a positive 

vnluo for the roal cornpoaont, the same correlation occurring for 

ne.,::::.tivc values. This pattern is eu.sier to see for tho reu.dinga 

,d, YL~O c/s thun tho~e at 880 c/s. 

Fr01:1 ·tlie r<,s isti vi ty rosul ts ( nee below) the goologicnl 

:-erlU0;1co i:; se1:n to bo su.wt:d,one/shale/:rnndstono/ahn.le along the 



travorso. '.ll1e zone of wiJoly vn.ryiua irnn.t!iua1·y com;,onont values 

l1roi~l 1 .Ly cor:·0:1,,onds with n. snntlstoae roHion, tliu flu(.;iuations 

pl·olmbly bf:lin:r cu.uaad l>y chu.nf,OB in oa.ndstono u.nd/or ovorlrnr<lo11. 

t.hiduwi;s. 'l'lw u.rona Jl:f fJtoo.tly neuo.tive va.luos for tho iniu.gino.ry 

com_1oue11t 111u:st bo cuuaocl by the aha.le lo.yors. 

Fro,:i tlttisa initial results it seems that it would bo difficult 

to pick out i.l.ll o.nom"ly duo to a vein in an a.rea of frequently 

o.l torua tL:r .;andstoues and shalos. 'l'ho supposed vein or i'aul t ia 

thou;!ht to puss across this tra.ver5e but nothing i,1dicating suoh a. 

fe,·d.urc c,i.n be seen from tho rosults. 

llesisti.vi1,y r,esults ·:ror Tr~vorse8. Seo l~ig.17 • 

.i.ho resistivity curves for all three spacings clearly shows 

up tho ,, . .uown goolo;;ical sequeuce. A similar pattern of oloct"l'odea 

spuciug- versus resistivity t.o thu:t seon from the traverse results 

ovor Lit.tle ;;ggle.!:>hope Vein is fou11d. that is the ismallest electrode 

:qrncinr; shows the highost resistivity values over the resistivity 

llit:hs u.ntl vie o vyraa for the rosisi ti vi ty lows• 

It cu.u,oe seon frorn the curves that the high resistivity 

values obtained over tho sau<lstouos occur at dii'foro11t positions 

i'or r,ifi'ore,it electrode upa.ci,.1gs. Thi• must bo bec.:1.use the travorlie 

l in\.! is not oxn.ctly perµeu<liculur to tho strih.e of the goology • 

.'r,ni ,,._ cu ,.s .1.d ern. t.i on of the l~11l result:.. for this tn1.verso, t.ho 

rcs.i.:;tiv.hy lo,, for all ·t,h,oc electrode spacings at o.pproxi1:1r..tely 

::,,: ;,:e1;r(.1:, ca1i he uttriuutnd to tlrn shale luyur only a.nJ. tho:..·o is 

~ittle r•oi:sibility t111~t it is Jue to o. vein. Hoth the re!;istivity 

·!,c:.L: L.yorg nrc p:i:-c~enL :mt it .i. cor.1sidcrN1 here tho.t tho ;~M 

.•,tii,J,l ,.,ay !wvu u. uibtinct factor in it::; ::avour over tho 

r,:,JL;tiv.i.ty 1:cLho(l ii: dJ.st,iHguishintr l>otwaon Et horizont,o.l shn.le 

la.y,;,._• .• nd u. vcr t.,ic,d V(:>in. Ii' tlw ,lot,dletl ;:eolo1;Y of a survt-Jy 



11re:, ,.-a!i unlrnown it .r-ea is-tivi ty o.nomuly such a:; th·. t ccatrod n t 

70 1.1etres in l"ig.17 coulu, be r.1i0taken for a voin but' the LL reuults 

clearly Hhow that no vertical couductin:: bodies are pr<~seut. 



Trnvorsa ), Seo Fig.18. 

The quadrature component valuoo show a cross-over at 46 metr••• 

Thi• m"3" correlate with u imetermina.te E.M. anomaly at 60 metres. 

th• real component valueo ahow a hie,h poak at 40 metres &nd a deacent 

to a low peak at 86 ~otro•• The midpoint ot these two poaka i• 

63 metrea, agreeing with tho weak. E.M. o.nomQJ.y. Some local 

geological feature ia oauoina •t~ong poaiti•• :roal valuea to b• 

present tor most of tho t~aYerae, 

Trnvorso 4. s,o F.if''.o,t 1j,. 

Using OBU the r~al. coraponont Taluea cmo-. c:roaa-overa at 194 

and 288 metro•• These ca.n be conolato4 with E.M, anomali•• at 180 

and 300 metr••• Por NM tho only dotiAite -o~oaa-ovor eeen 11 at 200 

metres, although the anoma.ly aa e.wholo •tanda out better tha• tlae 

one givon whon u.sin~ ODR. Tl\iG ia moot. pro~:lbly becauae 1,he 

goologicnl struoturo ccuain3 tho.tirat anoWLly has a more taYow:-able 

atrihe direction for NA.A tt~ OD2~ whoreu the opposite ia the oaa• 

for the second anomaly ::con only on tho OBR curvea. 

The quadrature valuo11 g1vea tor NU a:ahow tbo ac.ma polarity aa 

tho real Ta~u••·tor tho anom:.17 although.tb croaa-ovor !• aoae 20 

metres further to tho South-West. Similarly tor ona the real and 

quadrature vn.lues have tho ea.me polarity ovtr the a.nomali••• This 

indicates the.t ihe geological •~ructur•e oauaing the anomalies have 

a low conductivit7. 

,;hon considering the curve for the real component values usillg 

Gun an intoreating effect can be aoen. To the South-West of the 

&norualioa the valuoa ar& positive, while to the North-East they are 

nog~tive. Thie e.f.feot can be seen to a lessor oxtont when wsiug NA.A·• 

It is most probably caused by faultina within tho geologioal •truoturea 

causing the a.nomo.liea, so that di.ffere11t rock typos o•cur on eiiher 

aidQ ot the fault. 



l~ecommendu.tions 

'l'he E.J.l. o.i:.omalios ore plotted on the truvorso lines 

as shown in Fig.8 They are considered in two groups; good 

anomalies a.nd doubtful anomalios. 'l'ho good ,,noma.li'.os a.re 

thou .. ~ht to be of the ahape, aize, otc., indicative of a. verticn 

c om~uc ting foa. tura having a. higher conductivity than the 

surrounding country rock, whereas the doubti'ul anomalies may 

or ma.y not Le ea.used by such foo.tures. 

Some suggestion ot a continuous linear feat'dt'o is given 

by the nnomalieson traverses 3 (60 metres), 4 (180 metres), 

5 {170 motrea), 6 (170 metros) and 7 (620 motres). The 

a.noma.liea on traverse 2 may be connected with the nbove. 

l~rom o. considero.1.ion of tho size u.nd sha.pe of the 

o.nomalios 1,resont, the moot suitable si tea fo1· further 

invostiga.tion (o.g. by geochemical methods) would bet.hose on 

traverses 4 (180 metros) and 5 (170 metres). 



~her Goophysic:>.l 1.: ork Contc1111Jlu. t.ed 

From n. research point of view resif:tiv1.ty tr,w<;rscs a.re 

envisugQd over thoso line8 where goo<l ;..;.I.i ,1noL1ELl l.cs ha.ve been 

found. Also further worlt must be done to (] is1,in1!uish bot:wecu 

tho effects duo to fn.ul t zones un<l mineral veins. ,\t th13 stn., 

it S0E.Hil3 ti1nt ;~.M. and V .L.l". £.M may have moru to offer in 

this respect than tho resistivity method. 

,\1 thou1:h the V .L.1". E.M. equipment was only available 

for u. vory short time enough results wore obtained to show 

that it was ea ·,a.lJle of de tee-ting a. known vein and also gu.ve 

n.noma.lies whore G.i1. auornulioa ha.d been recorded. ::f fects 

proba.bly due to clifferiug su.ndstone types wore noticed a.ud if 

the 0'1Uipment becomes available aga.in reseo.rch into this 

a.speot would he unclortnken. 'Iha V .L.P. I~.H. method is much 

quicker 1;,o carry out than oi tpor of the othor 01ethods used on 

the present 'survoy o.nd if intorpr~tn.tion tochniques .for tho 

aroa can be dovolopotl it could prove very useful. 

If bo.ck-up geochemicnl wo~k or trenching/drilling 

proves ihc o.nomalies to bo due -to a vein, further geophysical 

,,orlt could be undort11keu east o.nd west or trnvorsos J-7 to 

,1 el inon. te i'tn strike diroction, al though the outoro riping 

sandstones and shalos in the vici.ni ty of Great ··:~:{l eshope 

deck may prove a limiting !'actor. 



0 f t il O I~ I.' 0 •;, ,f :; i C fL 1 
• 

co:1s i.:;ts of o. tru.u.s,,ii ttor {1nd a rocoivc·.r {"!OJ.\l,inc,~ v: .i th uu • 

tr nsistor oscilla.-t.or connocto, to n coil ,,:ounn on a. .forrite 

core havin1~ n. vertical o.xis, sends eluctromn.0 ac Lie ,. aves 

i.1to tlrn grO\uvt. "'hese ',nvcs in(1UctJ electric currents into 

nay su:,~.ns:rfa.cc coaductor, a secon<fo.ry Mo.:!netic field is 

then ,roduco<.! \ihich rlisto.i.s tho ,>ri:..10.ry f H?ld. 

of the mothod is to 111eu.!>ure o.ccurutol y thos o rli stortions 

or ,nor:1:,lies u.t t1le receiver. 

r:.icHiv-0u n.t the rece..i.vor if no co,11.luc t,<>rs were in the 

V i.,:.i.aity. 

lt cu.n Lo shot,n that. 

plu,so with i.:u.ch oi.hcr. 

') 

')l) (JUi, o.,' ;':,u.SC 

\\ 1. ti, .l i.. 

- ,l" II 
:l.ll "HC:: , •• , 1 the u11.i. i 

:n.rin,· tl,e ourvcy of tt pori..lc,lJnr area the tr,:.asmitter 



ntul 1·ecoiv0r u.ro kept a. :ti,;.oti d is·ttu1co :: , ,;irt J..li line 

)'; i ·th t!10 1.ru.vers~ ui.roctiou a.ud ro:.i.tliu1~u h.ro t: .. : .. u . .i •I\.. nh<J°rt 

iutervti.ls. Tho rou.dings reter to f.l. 110.illt u,l.u.w,..y bc1;wocu 

tho ~rant.,•ii tter ..i.ml. recoivor. '.i.'he .. raVtJl'1>0 ,! .irec.. LiOll 

~hou.1d i,tou.lly bo a.t right ~1..n;Jles to i,;,~ ., roL.~btc ::1,r·Jl-;,c or 

v1.d.lls lm1, i,:i ,;1't\ctice ~30° off-s. ri! ... e wo,11-:t be ruitn ,1.f:coj,t,.l>lo 

I,\ h.eu tho trumuai ttcr-rocoivo't" cornb:i.11:,.t,ioa ir; -t11;~on 

ch,Lr:ict,~r istic v,1ria;t.ious. 

l-'ig. l 

01. Imaginary------· 
-10 

•10 
I 

.... ♦ • 

.\ typlco.l response is sh, .. wn in 

IIIl 
vein 

0/o Reot-
110 

90 

·:1ien 



•,-, hen tha tr,iturn1i tter-recei ver cowlu.H,\ t,ion j_t; ,,wl,ri,' e 

thu voiu the socon<.ln.ry f'iold is in ol1111>Gi tion tu ·L,10 

oornpo11~nts aro ro(luco,l. 

In·Loqirotal-ton or tl,o curves u.rnl factors which 

/ho r,d,io of ron 1 to 

i.:;1.1.-_;.inn.ry compunon ts u. t i.ho o . .aomu.ly 1ti vos an iLvl icn. ti1>n or' 

tho c~o.nducti vi t..y of tho aubm.trflLCO oonouctor cnuainf: it. 

<; 01,1i10111n.rt, 1, bi1<l 1.wnductor ;p. vos n. rtd.n. ti voly 1 urno L111n..'{i1mry 

!1:1 :-, : o t.h components f ,tirly laruo. 

The t"nlative sizou of tl10 ·t.wo positivo pa,~ks on oach 

lu rr,~r •lf tho two. 

Tllo uso of 



t,;,,-, 

,,;o~LDur,w1011·La rn11Y bo r..:ido utJ ia::i; 11 l .'~'1H't•11t <;oJ1 :~op.1:t.•11.iiouo 

11~_,ih •'<)111otru·ii,H1 of thn 1110Uwd l1-d.,v ,, , 1:'!1•.ii:1; i.,,lv 
,. J '· 

r-.1.i110 11t1 tho coil L-H.•-i.iart.io.n. ·.:l.oorot,.ic11.Uy uV1t1:burdon 

Mlt)mal io.s shoull; iucro1dHl in ui~o '11 i th ;: ;:;,.,t.~11 er coil 

so;)nr,d,iou ,1he:t"QG..d a.no1:w . .lio8 due to d.uop-.sc,.to~t VJi:.-.n will 

t.01:id ·t,o ~:tn.y tho ur~mo or <locroaso in ai,.o. 'hi,, r.~ctor 

hn:1 to lie :l't1lly evaluatllld for tho :,ortllorn , <rnninon. 

·.nO!Jal ios !.ihould idca.lly l.mvo l\ l)OSi ti ve jHJ,1k on o:.,ch 

!iiclo, -with a steady riso u.n'1 fri.ll to ~ome uaxiJ:mm 1rng·t~tiva 

vr.lue (/or tiw ro.~l ooruponont "_;)ositivo" :•l<Hiu.s n. V(1luo ubova 

1,.,(, ·, !'nc1~1n,ive 11 i:J n. vn.lue lrnlow liHJ/,) ,met these {l,re the 

f ,"',' i..ur0:-:: ~•ought when 3cruwin:.: tho plotted curves of an 



(ii) Tho !: e~isti vi ty ~.let.hod. 

:s:uruoi.·ically tho rcsisti vi ty of u mn t(~ri1Ll c.:in be 

defined as being e.-lua.1 to the rosistauce ( in oiu,m) hotwoen 

t,._,o opposit,o l'acos of a cube of the rnate:i-.·io.l of nido ono 

metre. The resistivity rnotho<l of geophys icul l1ro::, ;-,cc ~ing 

consists of taking rosistivity raeo.surerncmtso.lonr, n. 1:-r:i.vorBo 

lino. 1,hore suitn.blo cond.uctivity contrn.sts ex.iot, v0iu.s, 

J.'n.ul t :1,oncs ctc. cu.n bo detected. 

:~0sit1tiYi ty noasuremonts ~ro wu.de Ly 1.ii~s:.:;ing olect1~ic 

current into tho ground vin two electrodes n.nd ine:1.snring tho 

resulting votential diftoronce, caused by tho resistance 

of the. ground to this c,1rrent, across .~ further i,a.ir of 

cloctrodes. 'I'here u.ro a. numbor of tlifi'oraut olactroJe nrrays 

tf,:tt c:,n be used uy from previous work in the n·:po.rtmont of 

11iniuf~ 11ad i1inerul :;ciences (':\ .?:.·,-:tehtmo.n Ph.D 'J.'hosis 1971 

liaivorHity of Lcods) the one found to be most suitnolo for 

d~1tl•cting fluorspar veins in Derbyshire wns that devi~rnd 

by F. I·.'ennor in 1915. 'l'ho i;onnor array consists of. four 

oq.unlly spa.cod electroJes, current being po.sscd through the 

ou tcr pair, the in11e1· pa.ir being used to meu.surc tho 

rosul ting poLentin.1 dii'forcmoo. 

Considering the defillition of resistivity, nn<l potentio.l 

theory, ·the resist,ivity for this arruv can be ~hown to be:

r<:!sistivity = 21'i'u. V ohm-metres:-
'! 

where a= distance between electrodes (in metres) 
r 

V = 1)otential drop a.cross inner pu.ir of oloctrodes 

(in volts) 

I = current passing tLrough oui;er pn.ir o i' o l cc troll ns. 

(in amps) 

·the equipmont in uHc for the presont survey is tho 

. ' . . ';'his weu.sures t:ie func ~ion V ,; ircct-1 v, I ~ 

-~:w effects of str,w electric c,,rr<mta n~td. :lOla.rh,nt:i.on 

oJ' tllc .:LeC1i·odos it o 1H)rLttcs 1,t ,L frcquo1wy of 4 c/2. 

',Iic (;.'lcr:i.rnc!o ar.c.,y iaay be u:i::uod ;>r,r: • .i.lcl to t:,c s1,ri1rn 

'~'licso two oricn.t,ttions 

:1 r, n.5 for· the fir:d. caso 

1,:;,dn from ()rovious work iu iJerbyshire 

.i '. 1;11.; found t1.11.t tho systom / :::: 0.5 ~:ave tho simplest a1ionalies 

,\s ,, i th 1,bo 1; .1,! 

: ad \' ., ... ·• _. ..... r.or:, the trhV<'rse direction should i<leally bo ut. 



ri;;ht nn; __ ~l es to tlrn rteneral d iroction of :11,r .urn of veins i.n 

the tLroa being survoyed. 

!to~1 l~ta.nce rac~s urcr.H!nts for dii' f erunt l?l oo t.rocle s ;.•u.cines 

ctin cunvcn.io.n.tly bo tn.ko.1.1. -wi-th the trno of :nul i j corn ca1•loz 

and tn.kc-0£:f points. l<'or tho proaon:'.., ~;urvcy fl pncin1is of 

l .~, 24 u.ud J2 ruotrea wero uaod • 

.i.'ho tlo 1d,h pcnutro.tlon oJ: tho rnothu,l ciu;,1..w.dH tH\ ,~ nunh"r 

oJ· 1' oo t-,rn. For a givon vl octrodo s JJO.C ing tho <lu 1,tl, 

t> on-d,r,1. l iou w .il .t llo do 1>cnd ont on tho rosisti vi ti o~ ,)f the 

rocl\s houonUi. A layor of hir,hly cond1.!ctivo ovorl>1trJen will 

l(routly ro<luca tho ponot.1.·at.ion. 1.1.'ho depth [><metco.tion of 

t ho met.hod j_o incrousotl ·with incroafiiug ol ectro<lo i..u ;,ara tion 

uut thorn nro lirnita.tions to the maximum spacing that cu.u bo 

usod. l·or fi. givon power source to pass current in-to tho 

;~round, at very lar1{0 s1,u.oinns the a.ccur:icy of mol.\ouring vory 

s: :d.l ros:istu.nce values is grt1atly rc<luced. 



{iii) Tho V.L.F. E.U. Method. 

Tho Vory Low Frequency (V .L.F.) 1;.11. method relies on 

radio si!!IHl.ls from govorument oommunica.tiou sta.tions for the 

prirnar\' aigne.1. '£hus the equip1nent basically consists of 

a sensitive rndio rocoiver tuned to the V.L.F. band 
(approximntoly 15-20 Kc/s). 

V .L.l"• tro.nsinitting .stations havo a. vertical n.erial, 

the nerinl current is therefore vertical and ore~tes a 

concentric horizontal ma.gnetic field a.round it. When these 
magnetic fields moot a conducting orobody1 socondary magnetic 
fields a.ro sot U:p which ha.Ve vertical components associated with 
thom. The Y.L.?. ::M-16 roceiver used for this survey 

measures the in-phaso (real) and out-of-phase (quadrature] 
components of the vertical ma.anetio tield vootor at the 
rocoivor. 

The receiver itself baa two imputs with two receiving 
coils built into the instrument, one coil having o. vertical 
axis and the othor being horizonto.l. The radio ai;,;nal 
rec<::ivcd l.ly tho vertical coil is first nullod by tilting the 

instrument. '£he remo.ining signal in this coil is then 

bn.lunoed out by a moa.sured poroentago ot ·the sign.al received 

by the horizontal coil, after this haa been shifted in 
JJha.se by 9O~ 

It rcan be sho-wn matbeinatico.lly that if the secondary 

signals are arnall compared to the primary horizontal field, 
the mechanical tilt n..ngle of the instrument is a measure of 
the vertical real comr>onent, and the compensation signal 
from the horizontal coil is a moasure of tho quadrature 
c omt,onen:t • 

\t o.ny point distant from a transmitting station the 
:,1agnetic fiold is u t right a.Hgles to the direction in which 

the stt~ tion lie::.; from that point und therefore a station ruust 

ljo sc-lccte,1 t!.nt ;::ivos a field o.pproxi111i~tely at right, u.nglos 

to tho B td.:.c o: t.hc oro bodies o:fc locu.l gcrnlogy. ·:ho sti·iko 

sl1ould thorororo roint to tho tr~nsmitter but variations of 

+ .. 1;
0 from ihls coultl be accevto.blc Jer.1ouding on the 

c· 01,,' uc·1.i vi ty of Ll.e VQin. 

la the 'ortliorn ;'en:·;inos, the onJ.y useo.hle station for 

;-:-., st.r i,,iH;: vc ins 1> ,1;; fouml t<, be :~,\.A (Cutler, t-.laine) whereas 

for :n;-:Jr; vein~, both :•L\A and cam ( ;tugby) .coul<1 be uso<l. 



l'lu1;-in units a.re sup ,lied with the instrument so thu.t u 

uuml,~r of s tu.tion cu.n ue usod. Two units can be mouu-tod in the 

i11stl·umont ut ono time• und, tor;other with •--'· chauge-ovor 

switch, enable readinus for two station to bo taken durinv w 

tro.verse. 

'.{hen. mou.suromonts are talr.cn with the 'l.1.,.1,•. roc1Jivor on 

n. tro.ver~e over a, conducting voin, the roal and qua<lrn.turo 

com_ponent.s of tho vertical magnetic fiold sli.o\l ck1.racteri~tic 

va.riations. A typica.l response is shown in iig. 2 

Quadrature --- ..... 
Real-
°lo 

+10 

0 ···-----·-

-10 

[l] 
vein FIG. 2 

'i'ho primary 1na;:notic f'iold is horizuut.,l, con<luctivo 

zonv.:1 ~uch a·0• -veins will ci<lcl verticn.l compon,·nts and the total 

;,1.-; l{netic fiel<l will bg tilted· 1ooally on both sides. Tho l..i .. -16 

is so calil>rated tlut whon u.pproachin.g a conductor tho rt:.1.di.urrs 

nrn posi tivc for tho real cor.iponcnt. 1'he quac1ruturc co1111•011cnt 

£or u rroo<l conductor will Le as if Fig. 2. For n ~oor 

.;outluctor the <ju:idrature com,,onent will follow the real 

t;u:a,,:inont _,oL,:,rity. 
• 

In :c.:ar., l when SCtlrching V • "-'• .1.'1 • -.:urvos for anomu.l ios, 

cr<:n1:,-ovcr:-: fer ·t.J.n r, .il COt.'ii)'J.lC;.t shoul,, be looked for·, but 

lo cu.l ::'1o lo ;ici:.l r: oiHI i tious rnny r.10<1 ify •i;.he curve aud iafloxions 

m.•y .•:ivc .:. clue to the ,lo:;;i·tiou of an anomu.ly. Por the real 

c urrL;orHHl t, tJ1e 1 r:.rgcr .oak gi VC!$ ,i.11 imiica.tion of t-he Jow.u-di;, 

u:~ ,t.it.c.:.i .. ·0, t,;dm.i.iues <)f ii,tcl',:r·otn.tion in 'f.l •• P. ;.;.u. 

1)1'0::: ;,cctia,,~ are still. in an early stage of devolopu1ent. 
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