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L Introduction.

A geophysical survey has been carried oul in a Ihree monlhs period, January 51b • April 51b 1990, al
Clara bog as well as Raheenmore bog. The survey is parI of the lirst phase of a three year co.operation
project between Ihe Wildlife service, Irish government, and Staatsbosbeheer, Ihe Dutch government.

The survey is carried oul in order to determine the t n i ckne ss of the peat, and the t h l ckne ss and
nalure 01 the indiYidual underlying layers including Ihe deplh to bedrock, at both bogs.

For this purpose two diflerenl techniques were UHd: (1) an e l ec t rnmagne t t c survey with Ihe EM.H-4
(2) an electrical survey wilh the ABEM Signal Averaging Syslem 300 Terrameter. With the first lechnique
it is possible to map terrain conductivity. The s eccnd technique is used to det eet Ihe resislivily,
layer i ng.

tn order to map terrain conductivity the researchers, M. Smitll and A. Farenhorsl, surveyed roughly ZO
k i lometer on the bogs. Prel iminary at both bogs, 10, 20, and 40 meter coi Ispacing were used, wilh both
horizontal and ve r t ical coils. This to oblain information of all possible exploralion depths.

Al Raheenmore bog the 20 meter intercoll spacing, horizontal coils, with an exploration depth of 30
meIer, rellects the most nriation with distance. This ec i l spac i ng is used to survey the grid.lines
crossing Ihe bog, and to map contour· I ines 01 30 meter exploral ion depth.

Interest ing locat ions for EM 34-4 survey a t Clara bog are the Eskers to the north of the bog, and the
ridge near the soak. Clara bog Is extensive. EM 34·4 survey, resulting in mapping the electrical
conductivity 01 Clara bog and surrounding area in Z months is impossible. Therefore lillie allention is"
gi yen to cross the bog i t se l I.

In this report, all traversed I in es are gr a l i ca t l j ref lected, where smoothed conduct ivity is p le t t ad
against distance. Interpretation 01 the layered earth, relative depths or if possible depth va lue s 01
the layers. are given below each graphic.

A total of twenty-four Verlical Electrical resistivity Soundings (VES) WHe carried out, using the
Schlumberger array. Mostly, the mHimum value as ABI2 = 500 meter, to ensure that bedrock could be
determined. The computerprogram Reslnt (ve r s iun 3.1) written by 0.1. Biewinga was used lor final
i n t erpretat ion.

At Raheenmore bog thirteen soundings were carried out at lOO meter intervals along two traverse
lines, appro~imately 600 meter apart, running North·West to South·Easl r e l at i ve to the National Grid.
One sound i ng is made between bot h I r aver s e lines on larmer s Iand at Ihe Nort h side of t he bog. Alt er
interpretation, the soundings are reproduced in a map, with the same scale as the terrain conductivity
contour-map of Raheenmore. Bolli maps are used to reach a sell lement according to the depth to bedrock
and the thickness and nalure 01 overlying layers at Raheenmore bog.

At Clara bog ten soundings were carried out. four Schlumberger sounllings were taken at 300 meter
in t e r va t s along a I ine running South, parallel 10 Ihe main road. Four other shorth soundings were taken
parallel to eath other on the esker edge to the north of Ibe bog, and two soundings were taken across
the longiludinal axis of Ihe ridge near the soak. Besides direct inlormation 01 the resistivity layering
at speci I ic locat ions 01 Clara bog, the inlormation 01 tbe tnterpretated soundings' are used for
(graphical) Interpretation of the traverse lines wilh the EM 3.-3 at Clara bog.

The interpretation and model parameters of all the soundings are given in Appendix A in this report

The co-operation project deals with a wide range of interests, slIch as Geological, Geopbysical,
Hydrological, and Ecological research. The pellple invo'Yed in the project, students and supervisors.
will have a different specific background. I decided, there lore, to write my report to various invol~ed
persons as informative and understandable as possible.

Cllapter Z. background information, is written lor students who are new in this project or lor those
Which are nol (yet) involyed. Chapter 3 is written lor those who are interested in the Geophysical
theory, although the interpretation and results of the geophysical survey can be understOOd without.
Chapter 4, 5, 6 and 7 are written lor students and supervisors which are involved in tbis project.
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2.1. n..~ project.

&.1: of the rdaed bogs, whleh ouee covered 310,000 ba (Croas. 1988) of the Irish countryaide (about
26 percent of the toul Und area in Ireland), have been removed or enenaively clamaged during the
present cenntry. Turf cutting, either hy ha.ud, or the IIIOre intenaive -.c:ha.ni••tion. whi.eh at:art:ed in
1946 by Bord Da Mona, as veIl as afforestation have reduced the raised bogs, inuct a%Id. remnant areas,
to 22,000 ha {Croaa, 1988J.

llthough most people in the put, and still soma l:IDV&liays, thougbt or thil:lk that peatlanda can be
aaed onl.y for fuel and energy, reallntion of the intrinsic value of int:aet peatUnda i.e more cOlIIlDOn at
preaent today. The appreciation. of cOZl.8erved peat1a%ld.e, not as vastel.anda for rough grazing or. after

'improvementa' for agricllintre and forestry. but aa intact peatlands bas made tha govert1llU!lnt more
active in the preservation of bogs and in management.

First of aU not only the pure .....ture side is important. Many pl.ants and animal.. live exclnsi11ely an
bogs. The beauty of boglands is ine""'Parable vith any ather scenery. Secondly there i.e also the
import:anc:e for ma.nldnd to preaer1t1! boglands. Hany organislll.8 , which inhabit the bogs, are used in
I118CHcmaa. to treat diseases. Besides hogs are interesting fram a scientific point of vial'. It teLls us
OUr paat environment, principally by poUenanalysia, end it is a living outdoor labaratory far
continuoua ..ntdies of the inhabits%lu of ·the bog and their present-day e%lVironment.

!lot onl.y the Irish governme%lt has aquired various bogs as reserves and hopes to purchase se11eral more
in the cOldug years. but also from out..ide< Ireland, there is an interest in the Irish boglandS. 'The
Irish raised bogs syst:ems are the only remaining IlIOre ar les.. intact. systems cOlllparable to the ari.ginal
Dutch peat.lands' (proje<ct organizatio%l paper, 1989). Hainly fr01ll this point of vie.. and from the fact.
that. there are< no intact pe<atlands left. In The Netherlands, th~ luwvledge and experience< frocll research
projects an hoglands in Ire<land are of interut to both countrie<s. The Dutch govenmzent needs
information for their bog restoration projects. The Irish government: 118eds r.he same information, but
their purpose i. the preservation of their lan 22.000 he af int:acr. raised bogs.

In oc:tobClr 1989 the< first phase of a tbre<e< year co-aperation project ber..aen th~ Wildlife .ervice,
Irish goverDlllent, and St:aataboshehe<er, the Dutch govert1llU!lnt started. Area of inte<rest: are two protected
raiee<d bogG (Figure 1.1), Clars bog (460 he.) .&.Ild llaheelllDDre< 062 he.), both owned by the \lildl.ife
..e<rvice.

Eapecially Clara bog. but also RahUl:llllOrCl. is mentiOllCld in various publicationa and dac:ument:B. Often,
thCl information bas a strong d~Bcriptive character toward.. thCl publ.ic (Bellamy, 1986; CroBS, 1988).
Raheenmon ia a rabed bog with vell-de<velope<d bu=:loc:ka and ho11ools. 'The depth of peat i.e excepr.1onal,
being O1ter 15 _ter in places' (Be<llamy, 1986). Clara bog is one of the largest. remaining Hldland raised
boga, COllUining the only _ll-developCld examplea of aoak. ..y .. tame. 'Tba aoak s,atem and the asaoeiate<d
flora are the _in reasons for eonse-rvatiOJa of Clara bog' U!a=ond, Varran and Daly. 1987).
The __ author. re....rk that 'ye<t t:here has be~n little reaeerch OIl the eource of tha ·eoak", on
hydrology of the bog. and its re<lati.o~hip vith t.he< aurrounding area'.

The first atepe of the proje<ct a.re< bydrologica1 observations, mapping af the topography. mapping af
the< seolagy aDd related geophysical Anarch and soil and vegetation .=di... The final :t"eport arust
propase< a hydrological lllanag......nc scheme, which is an e.sential element for preserving Clara and Ra­
ha.nmore bo~rohabl•• t.he proje<ct .. ill also give rele<vanr. informat.ion for nlated or coazparable raised
bogs. Besides the project: make inquiries to the po ..ibUity far a heritage< centre near Clara bog. an
att.raction for touri.~ in tb~ a:t"e<a.

Tourism can SIlVe bogs by prelServation of bogs~ Instead of destrucr.ian by turf cutt:ing it: gives
ecollOlllic ..ecurity. This is only possible if public opinion i .. a..are of t:.he speciality of boge and the
obligation to prese<r1te pe<atlands. .
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Figure 1. LocatiDn of ClAra bog aDd Ilaheenmore
1. ClBra bog (Co. Offaly) 46D ha•• 2 bo

80UUl of ClBra.
2. Raha.....,-n Bog (Co. Offaly) 162 ha •• 7

Il:a "em dl......... t of 'l"yrnollapa.s8.

J
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IrUh/Dnceh~projfIC~ O!l Clara bo8 and~.
Geophyaiea1 fi.e.l.obIod A..PareDhorrt aDd H.hJ1:h. M/01/!990 - 05/04/1990.
ht:ch pophyd.cal.~.A..P~ aDd Dr.D.T.B~. PCBL. OvA..

2.2. Geology of Co.Offal.y.

'In Inl.and .... fUut our olden roclul at Ro..Lln and lilmorequay i.n Wexford, and the.e have been
8 i v e n an age of 2000 IlIil.lion ye.n.' (Kitchell. 1976).

n... oldesr r-oc:U in .co. Off.ly, however, are preaent in d1e core of r.ha SUeve BIOCllUl and near
Honeygall. The.e grey and grey-green clayey aaudstonee and .ar... vere elf.ah~ly _t:alOrpho.ed by a phase
of folding at the end of r.ha SUurian Period (395 - 435 m1lllon B.P.). n... roclul are folded vi~h the
axe.. of the folda trendi.Dg IiE-SV.

Be.ide the..e rocu .... can find also other PaLleo%oic -:ocu in Co. Offanly, overlying the Silurian
roclt.s.
lir.t of all there ill a Illix..d aequence of red aand.tones, .. iltsto!U!-s, mudstone. and occaaional
congl.omarstea, vich were deposited aD the Devonf.an land _as by meandering rivera. The.e in turn are
overlain by Basal Sandetoue, a coarae-grained pale-gray or yellow sandetone alao of Devonian (345 _ 395
adll.i.on B.P.) age.

the remainder of Co. Offaly conaieu of a variety of liJoestones vith a amall area of volcanic rocu
forming Croghan Bill. Thi.. is a vol.c.ano which v .... ac~ive in Carboniferous tima", and consists of dark
grey or black basalt and dark gr.... n volcanic aah.

The l.ime.. tOQII rocks were d ..posited aa sediments in the Carboniferous (290 - 345 millioD B.P.) under a
range of mArine enviro!lIlleDte. Figure 2, the bedrock. geology of Co. Offaly, ahows the variety of
limestoDes caused by variatioDs in .... depth and the ""'OUDt of lllUd wash.. d in. The R..ef LlmeatoDe is the
moet abuDdaD't: rock type, probable al.o the bedrock 't:yPe of Clara bog. Two eet. of faulta ere preeeDt,
r.ha dominant eet tranda IiE-SW and 't:he auhidiary ... t tcreode ml-SE.' (Ba=oDd, Varran and Daly 1987).

The palaeozoic and Mesozoic bedrock of' Co. Offaly is IUOs't:ly maaud by QuaterDary (2.5 million B.P. _
preaent) ged~eDt (figure 3).

EJ
'fa ~ ca"'SIl u ....s,-EMI:

n rKI''I. ,ONtf

~ ~ 1~

CJ ~

••...,..,.I.'IIIIII[:I'fQMlf

eJ .-E".. fgelll('S... "'-OS'~S......lOtM:'I

o _ALSA"""T_
o ..-0 wcr.tO'lll:s......,.r~..

III u."...........Sto...u

l'igure 2. Bedrock geology of Co.Offal.y. (Ba->:nd. 'larren and Daly. 1987>.
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The preaent topography and geology aainly exiata of different Till unita. which have beeD depoait in
the 1JuIt glacul atage, t:M lenitiAn (70.000-10.000 B.P.'. OCher PenitUn f..[:urea in eo.Offaly are
fluvioglacul depoaita, lU:.e tbe large eaker ridge which rona in all ..at-weat dire<:tioll Dort:h "of'
TUllamore (Hammond. Warren. and Daly. 1987).

Duriug deglaciation the ice-front retreated w.atvarda to Calw.y, leaving behind a .trangly irregular
laudllcape overflown with,_lt-vater. In the LittletoniaD, la=at:rin. depoaita appeared in the rain al1d
aDOWlll81t-vater filled depr.aiona. Beaidea in thie poatglacial period ext:enaive alluvial depoaita
accumulated in the fat river valleya and 118" fluvut:lle ayatema wen formed.

In t.he poorly drained lowlying areaa aIld the vat:erlogged depreaaiona peat began to develop. and eo
otlr tvo rai.ed boga of apecul il1tereat: Cara bog and 1IaheetllllOre bog.

0 ......4(3A __

E] ........ __

S .~' ,
E3 ~.•u ••••••
EJ ,. e-.••_ "'-- ,,]
_ , , "' t

III ~.
./ r .

....~

figure J. Quaternary geology of Co. Offal, (Hammond, ll'arnD and Daly. 1987).
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I
;1.Geophyrlo;al. duoory. I
'.1 e:--.I..

'C.ophyd.e.. i.e t.I,. ..ppU.e.at:l.on of the princ.ipl.. of phyai.e.. to et:udy t.I,. earth' (P.r.....e. 1989).
Appllcation of phyd.e.e, in cOIIIbinstion vith geologial iDformation, i. often the on1y ...tbfactory way to
learn .bout the .ecr..t. of the deeper e.rth without drilling. C.ophy.te. can determine 1:ype and
1:h:!.ckne•• of ••di.ment and hardroc.k layere. geologic.. l fault....ltdome., ent:l.clina. and .yncline., etc.

I
I

c..ophy.te•• hcnoever. haa ite nt.tnctiona. The theory, oft.n on1y deale with .. horuont.l leyered
e ..rth. whi.e.h i.e f.r f= reality, becauae geology i.e compli.e.a~d, Beaid"e, clear differen.e.ea in
geologi.e.al depo..it:a or f.ci... do not .utomatically c ..u.... clear di.ffereuc.e.. in the geophy.ic... l dat:.a.

However. valuable additional information (i.e. borehol.. iDfonnation near the loc:.t:io~ ·literat:ure.
and c01lllllOn ..euc.e 1DO.t:ly .olve the problem.s.

I
Ther.. are .. large ......ber of geophysical .,etllode. Ue u ..ed the .,lect:r:l.e.al .lId elec.tromagneiic method.

both ....tbnd. are ba.ed on reeistivity difference of material.. The theory of t:he ....thod. ...ill be
di.c.uased in the paxt: .ection. I
].2. 'Ihe el.ec.U'i.e.al. _thOO._ I
3.2.1. The ha.ic principle.

If en electrical current I [AI ie injec.~ed in an iJlzaginary ...ufOn:l cro••- ...c.tion, :l.t cau...s a
pot..nti.al. diff.. reue.. dV given by Ohm'. la" as:

I - - dV/R (1)

where R [Ohm] i.e th" re8iatanc.e of the conductor. The mUm••tgn ..xpr...... the fact tha~ the current
flow i8 from high to low potential. that Ls , in .. di.rect:l.on oppo.i.t.. to that of the iu.e.reaaa of
potentLal (the gradi.ent). R is directly proportional to the lenght dl. (Ill) of the conducter and ~nver"ely

~o the crass-section s [m21 expre.sed in:

I
I
I

i. - @ dl./e (II)

v (or:) - 1 @/2TTr (IV)

"here @ i.e the re8istivity [Oha.llI) or physical property of I:he 1lI8terial of the conducter.

I

I
I

I
I

and

(Ill)cIV - -1 @ drlZrrr~

~

DeBcribing a balf hemi.8phere with surface • - 2 tr r
l ..ng~b dl - dr [1lI1. the potential difference i. given by:

Pot;..n~ial fune~:l.oIUI are ..c.ler. Therefore. ~he potential
difference betveen the electrode•• _ed by re,.i.civicy
~asurelllen~8. can be calculated by add:l.tion.

Integrating. and a.e=iJlg that potential V i" %erO .t an in­
finite dietance r -GO and the arbitr.ry cOnstaot is zero (c.-O)
we get.:

ligan. 4. Poht .,1ecttodaa on the
-nace of • hocoo,............
-=h.
Sou=e: BiavUl:ga 1989/1990.
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The poeentLar difference beeveen If and II i8:

I V
If

( • lIAH • - 1/BH ) • @/2"" (V)

I v -- ( .lIAB • - 1/BB ) • @/2Tt
II

(VI)

V - V - @ I ( 1/Alf - l/BH - 1/AB • 1/llN ) 1 2lf (VII)
If II

The re8i8ei~ity i8 given by:
I
I or:

@ - 2TT ( V
If

- 'V)/( I

1/
l/Alf - l/BH - l/AB + l/BH» (VUH

where -r. ia ehe geometrical faceor. ouly dependene On the distances beeween the electrod8.I
@ - -r.,~.vII (IX)

Equation (IX) can be u8ed for re8i8tivity calculation in a homogeneous eareb. In case of measurement
on a non-homogeneous eareb "e can use equation (IX) a8 a definition of ehe apparent reaisJ:ivity. The
re8istiviey of different 'layar" can be found by ..easuring t.he apparent rlllli"eivity ..itb lnc:reasing­
aillctrode diaeance•• Figure 6 .bo..a tbe Schlumberger array, ..he r e ehe gradient of ebe poteneLal is
...a .....red in tb. middle. The geometrical factor is given by: I. - 1T ( a),./b - b/4)_ (X)

8NMA

Fisure 6. Sc:hlmoba~r dr!dting.
Sanrce: Bie'lli-n&a, 1989/1990.

3.2.2 Scblumberger soundings.

t.he cur'renr ..ill flow deeper in ehe ground, and tcbe influence

The purpose of a aounding is eo deeermine ebe rBsistiviey
as • function of depeh.

The MN elecerodes are kepe fixed and the An eleccrodes are
..~ed out..ard, both sywaetrically in steps. MN IIII1SC be as
",..11 as pouible but large enough to llIeasure the poeential
difference, a. a tbumb rule KN ~ AB/3. If ebe vole.ge diffe­
retiCe bee..een Hand N falls belov the accuracy Df ebe vole-
_eer or ..ben ebe sigt>al eo noi8e -ratiD becD1lle. too ....11. tbe

increased symm.erically, and .. ieh an DverLap in ebe reading ae tbe

II

-I~U
M N

BI

The potllDtia1 V bebMllD If and
tf t. c:au.sed by iJ1flDx of

Olrrent + I at point A and an
....tflux of current - I ae
point B.

S....rca: Biewinga 1989/1990.

l'igure .5.

di"eance bee..een t.he KN bas eo be
Sallie AS diseance.

Yhen tbe elecerDde diseance increases
Df tbe deeper layers ..ill be nociceable.

I
I

I
I

I
I

I

I
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I

I
I
I
I

(n)

whare:).. - integration constant.
r - diatane. betveen current point ~ meaauring point.
D - ~he ~rnel function, a function of the thicl<.neu of the layera and resiaUlnce.
JO the Besael fnnction of order Zero.
Jl - the Bessel function of order one.

The anrface po~ect!al Vo -from .. hori~ODt_Ily !.ayered earth i. given bYI

V. - @l lIZ" J:: <A I .Yo ,A< I ....

The .ppa~nt rtI8u~iv1ty 18 pl.otted _pinat AB/2. Sl.i.ght adaption of the _ ....red v.lue. make a
&:iDOCIth acunding cn=e, and ~he Sch1nmberger curve is ready for inn--partation.

lor the interpreta~ion of ~he eppa~ct ra8utiv:iq cn=. it ia nec••••ry ~ calcul.at. the anrface
pct.ndil., trhich is prodw:ad by an influx of cnrrant in a point on the _rfeee of .. hori%onral. !.ayered
eart:h.

The layering is inferred frDlll the aotUlding curve by _ans of e:urve fitting.

The lernel func.tion, h, of the last layer, n, i. alway. 1. The Iernel fun.ction of the top layer can be
calculated by:

h. - [Xn+l + @n/@n+l b.nh{). dn)JI(@n/@n.+l + btol tanhtAdD,)] (J{ll)
I

According to ~he fact t:hat h.-I, it is poaaible too calculat:e h-l for. certain layer model unt:il D is
reached. The integral can be aolved and vith t:hU potential it i8 possible to calcnlate the apparent
resist:ivity. The most: common expression for t:he apparent resistivity is function VIII, ~bstitution of
tm-b and AJl/2-a (figure 6) in the function gives the next: function:

1­
- (b/.) ] rrrrn

I
I

To measure • horiJ:ontal potential gradient, the ~lectrode dist.anee, b, between H and R ia kept as
emall aa po••ible. Although an infinite .....11 diaum:e bacveen Hand 11 1. practically not po.aible, the
difference >rith theory is small as long aa tlll ~ AB/3. I'or an infini~e small. dieumce _ can a.eume: I

The integrat:ion viII be, even vith the !DOn lIIOderu cOlllpl1tera very ~ime-eOllJlUJl'ing. Goah and Koefoed
devell.oped a digital liniear filter (KoefOlld, 1919>, hOw the time-eonsuming integration can be replaced
by a summation of aeveral ~erms:

The horizontal. gradient of the aurface potential equala: jO:>
~V/llr - iHd r [@l 112 nU)) o.r> dA.] (XV)

o 0
Ultimate, the apparent resi.tivity of the Schl=berger array i.e found (~foed, 1919) by:

... - •• +., ".j';,r).I-'J J,""'). .>. ",m

(llV)

I
I

I
I

I
I

CIVIl)@aa(illx) - .c j ;;1 - j) 1:.:l< + S} C(jAx - S»
<, j mn

- AB/2.
- transform function.
- the filter coefficient.
- a ahifting which accelerates t:he convergence.

where: i. %

T
C(
S

8 I
(4 I



I
I
I

hUh/Dutch eo-operadou projeet em Claza 110& IIDd ""-"-ore.
Ceopby_ica1 :fiAlbIorll:.A.Y~t -.! H.s.,u 05/01/1990 - 05/04/1990.
Dnaili pophydcal. EOIpon• .&..Y~ -.! Dr.P.T.Bimrinp. lCBL. OvA.

I
The Comput.tioll of • .0000ing involving .IIY IIUlIIber of layon i. 1lO\l • " ..U:ter of ••conda with •

per.onal· computer. Starting with • certain model (re.iativitles .lId thicluJ...... I. the u.er of the
computer progr... trie. to fil: the model~ aDd fieldcurve.

TIM differeuce between the field curve aDd tb. -odel curve ia given by the equatioD of the error
crlterioor:

I JI:- 1~ «@vi - @od)/@vi.)~
i-I

.100% (XVIII)

I
where. Ii - DUmber of ........rement••

@vi. - apparBDt re.htiviry of the field curve .t point 1.
@Id - appanDI: reaiativity the model n point 1.

Electromagoetic ~thoda .re baaed 00 the induction principle. The tillie-varying magnetic field arising
from aD alternating current of frequeucy f Bertz in a trans.. itter coil T%, induces current flowa in the
earth (ahorted turn). These currents generste a secondary magnetic field Hs. which is aeused. together
with the primary field. Up, by ehe receiver coil, h (figure 7). The secondary magnetic field has the
Sllllle frequenty .a the primairy field, but the size and the direction viii be di!fereDt. The measured
quantity i. the ratio between theae tva, aDd ia expressed by:

Borizontal coil. (verticsl dipole).

2/( ya)2 4 (r s)~
~ -ys(lis/Up) (9 [9 .. 9ra .. • .( Ya)· J e )

V

Vertical coil. (horizontal dipole) •

(lisfBp) 2[1 - 3/(la)
~ J ~rJ ~• [3 • 3Ys + (y.) l e /(!s) J

B

(XIX)

(XX)

figure 7. The badc prillciple of
the electromagnetic

method.
Source: Biewinga
1989/1990.

(XXUl)
2

iB f2

3.3. nu. el.ect:rocagDet:U: _thod.

(lls/Hp) ~ UlefBp)
V H

where: r -y i. u @'
• 2'fTf

f frequency [Hz].
n - permeability of free .pace.
i v-=r
• intercoil apacing •

These expreaaiolla are complicated fu.uctioll8 of the variable a which
i. in turn • fUflCtion of frequefICy and conductivity. Under cartaill
conditiofUI (Mclleill. 1980) theae expre... iOll8 caD be reduced to the
aimple expre.aion:

Th.. ratio of the .econdary to ehe priJoary IIl&gnetic field i. nov
linearly proportional to 1:he to=ain conductivity, a tact which
make. i1: po••lble to conatruct a direct-reading. The apparent
conducelvlty. measured by the u..1:=-n1: iD lIlilU.lllhos per meur or
milliSi~n per meter (=5/m) i. expres.ed by:

1
@ 4,/.. u.. (H.afBp) <XXIV)

I
I
I
I

I

I

I

I

I
I
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I
{fo I

Horizontale dipool

oo~----:(}::!=-:i-------:-'I.~O----.,.l1.5=------2"J.O z

1'iBnr! 9. Ccmpari.satiml of Te1JI.rlve >:eapatuI.. for ....Tcl.c.al. om.d
~ dipol.e8. (&!Ieill, 1980).

Verticale dipool

Figure 8. Vertical and horizontal dipool configuration (EieNinga, i990f19911.

Irah/Dutch~d.= FOject: OIl C1a%a bog omd l.b....Dr ".o.
~ floldooodt A..I'~ aIldlLSooydl 05/01/1990 - 05/04/1990.
Da.tch~ reparc. A..1'1IDmhant omd Dr.D.T.BUrriDp, !CBL. lNA.. .



I
I ..

I
I
I

rl.eh/D!rtdl ~ra1:ion project on CLara bog eDd 1.'-"-01:'8.

eopbyd.e.al. fi.e1.dlood A.l'enmhoret: IUId H.s.ydl 05/01/1990 - 05/04/1990.
"'tcll geophyei.cal nopo:r1:, A.F~ eDd Dr.D.T.Bf.ewbga, l'GBL, UvA.

I
I

We uaed the EH34-4 to lIIeasure terrd.u conductivity. The l.u.t1.'\llllent can be u.ed with either horizon!:a!
>il. (vertical dipole) or vertical coil. (horitontal dipole) (figure 8). The .pacing between the coils
.y be 10, 20 or 40 .,uer. The 8%ploration depth of horizontal dipole. ia 0.1.5 tilll.. the intercoil
~ci.ug. ~ exploration depth of thoo vertical coU. ie 1.S tim.. the intercoU apaci.ug. An cOlllbioati.oue
otv"..n the variDu.. 1nt.. rcoil .pacing aDd either horizontal or vartical coile refl"ct" a variation in
q>loration depl:h .. b "hovn in table 1. So theoretically, a.8UIII1J1g a baIIIogeneau. or horizontally
::ratlfi"d earth, the depth of penetration ie U.ldted only by the intereoti .pacing e.

Tabu 1. Explorat:ion depths for Elfi4-3 at: varl.cma int:e:rcoil
spacings. (McBel1l, 1980).

Exploration Depth (meters)I
I
I
I
I
I
I
I
I
I

Inrcrcoil Spacing
(meters}

10
20
-W

Horizontal Dipoles

7.5
15
30

Vertical Dipoles

15
30
60

Cululiltive response versus depth for verticill
horizontal dipoles. (llcNeill, 19liOI.

. Fiqure 10. i1nd

I
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1'1.

Caleulat:ed re"p?tlse I .pparent resistivity: @a - @1 + @2 + @3 thus: @a - 3.45 + 0.5 + 0.6875 - 4.6375

Lower lAyet: @J - @J B. (z2) thus: @3 - 1 x 0.6815
V

I
I
I
I
I
I
I
I,
I
"I
I
I
I
I
I
I
I
I
I
I

rr I

(XXVII)

(IXVI)

dipole) .

(XXVb)

R h)
V

R (d ;-If b)eb:
H z B

Venical coile (horizontal

.nd:

The cWlmlUl.ative response for v~nical coiLs (horizontal dipole) is:

1. '/:a.
(4 z + 1) - Z z

This reflecta the relative contribut:ion to the secondary lllagnet:ic field or apparent: conductivity from
all ...t:erial below • depth z, called- the cw:m.latlve response. The reaultant: of t:helr derivatiotl is givetl
in expression (XXVI) and (XXVII). These n:priluiOt1S are illu.strat:ed h. fignre 10.
The cUlllUlative responee _for horizontal coils (v~rt:ical dipoles) is:

~
1/(4z"2. + 1)

Th~ _.aured conduct:ivity 1a • _an conduct:ivity of tile different lAyera :f.n the e.rth .t tile _a.aur~d

point. The relAtiv~ contribution of t:he lay~n to t:he a~condazy ...gnet:ic field 1a a fu.oct:ion of the
d~pth and t:he ua~d coil configurations, eit:her hDrizonta1 dipolea or vertical dipol.",. The relativ~ .en­
sitivity of either of tb.oo two coil configurat:ione t:o t:he lIIllt:erlJlI. at v.rl.oua depths is gi.ven i.D figure
9. If 20 _t:er h.tereollapac!ng With vertical dipool 1a used t:b.oon e layer at: 8 meter (0.4 tbea a) depth
ba. IIIllXimuIll influencea. If horizontal dipool 1a uaed t:heu vill be a~ contribut:ion of the _rface
layer to the secondary IIIllgnetic field.
The functions derived from the functioa. are shovu ill figure 9 are:

Mlddl~ layer: @2 - @2 (a (z2) - R (zl)} t:an.: @2 - 20 [0.1125 - 0.6815)
v v

It is 1lDW possible to c.lculate the Ut-t:=etlt: reading 0%1 &I1 arbit:r.rlly ayered eanh, as long a.
the itlt~rcoil sp.cing i. amch leu than the sliD. depth in a11 of t:h.e lAyers. This, by simply adding the
contribution !r-om- each layer independently _igbe.d, according to ita conductivity and depth, as in
figure 10. lor example a three lAyer-model, 10.5 _ter peat, 2.0 meter clay. and infinit:y hard rock. ldth
reepect:ively • conduct:ivity of 1, 20 and 1 TlIS/m vill give an apparent: reaiat:ivity ( ....._red nt:h a
vertical coile and 20 _t:er coilepaclng) of:

Borizont:al coils (venical dipole).

R (x) - f'¢ b)eb: (XXVa)
V ".)' V

Upper layer: @l - @1 (1 - a (zl)1 thna: @1 - 1 [1 - 0.1125]
V

lriah/Dut:ch co-operation p=jee.t: CD.~ bog aDd I_Menwlra.
Geophyaic:a.l.~A-!'~ aDd H.s.,th 05/0111990 - 05/04/1990.
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4. FL.1dvod and Uurtru.eot••

To _aeure t"rra!D conductivity .d.th the Geonie. EH-34-4, the tran.am..ltter (phot.o 2) operat.or at.opa at.
t.he maa_re..ent. atatioo (figure 11). The operator of t.he receiver movea the receivar coil (photo J)

backwarda and forwarda Wltil the _ter indicate. eorrect intercoil .pacing, he or .he raa.u the terrain
conductivity from th.....cond meter (photo 1). The operator of the receivar lllIIrU the placa vlth a
plastic tube, and both survey..r. move fONard until the operator of the tr8.nJnll1tter baa reached the .... rlt
.pot. Nov a oew _aaurement cao be _de.

At the beginning aod the eod of ..ach tra~era..d liDe a 1IOOdeo pag ba.. beeo plac..d, and ..180 every 300
.... t ..r. So the lines could b.. reoccupied by the ...coo4 or third traverse ....heo an ot.her coilspacing i.
u••d. The pega are a180 a -grid- reference for other traver... li.oea. To e.ttl. a precia. couree a
cOlllpaas and recogoJ.zabl. ta=a!D apot.s, l.iIt.e chnrchea and housea, are uaed.

ligm;e 11. Operat.ing the EH34-4.
Source: Geoolca lWted.

I
I
I
I,

Aft... r ..very fbid-survey a Lot.U8 epreadaheat. _a uaed for cat.afiling and proeoaaing. The followiog
clat.a were fil.d: location, dat.e, l.i.n~DUlIlber. atarting aod eod point. cour.... v.r.t .....gnetic North, rem­
arka, coilspaciog and coilfiguration. l'1nally, a table ia _de with di.tane... meaaured conductivity
I~Jml and r ...... rka along th.. traver.... line.

lrOlll the measured cooductivit.y we calculat.ed and filed t.h.. r8si.t.ivity, and the amoothed conductivi­
ty and re.i..tivity.
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Tbe smoolbed conduclivily is calculaled by: I
C· = (MC(d·1) + 2 * MC(d) + _C(d+l» / 4

wbere C(d)* = smGolhed conduclivity [mS/m} at station number d.
MC(d) = measured conduClivity (IIlS/IIl} at sial ion number d.

Tbe resislivily [Ohm/meier] is calculated by: I
CR(d) = IOOOIMC(d)

_bere CR(d) = resislivily [Ohm/mJ al slalion number d. I
and Ihe smootbtd r es i s t ivi I, by:

a*(d) = (CR(d·}) + 2 * CR(d) + CR(d+l» I 4

where R*(d) = smoolbed resistivity [Ohm/m} at slalion number d.

NUl, all I r aver see I i nes are graphically re t l ec t ed; tilt smoolhed conductivi I, is plotted against tht
dislance. For plotling Ihe program Supercalc version 5.0 was used.

I
I

4.2. Resistivit, soundinss witb tbe AHEM SAS 300 Terr~eter: fieldwork and Interpretation. I
Table 2. AB/2 and Mn/2

coni iguralion
used lor Ibe
r es i s t Ivl t j

sound i ngs.

Tbe r es i s t i v i t j instrumenl uHd was an ABEM SAS 300 Tar rame t er wilh a
currenl output selling of usually 10 mAo The cenlre 0' Ibe eacD sounding was
marked br a bamboo cane wilh liu fed builontal s tr i pes so as t hes e
local ions can be reoccupied al a later date. In some cases the cfnlre 01 Ibe
sounding is placed on lbe cenlre 0' a conducti,lt, measurement.

I

I
I

To setlle a precise course llle researcbers used a compass and 3 ranging
rots (phlo 5 and 6). To sau a lot of time in surveying in the electrode
pas i I ions. evuy ABI2 and MNI2 distances on eacb cable wue marted wi Ib 2
leaping (Iape) colours. Radiolelepbones and f lag signals wue used lor
clllllllUnicat ions.

The ABI2 spacings are dralt in such way (table 2) tbal tbey can be used
in Resinl (version 3.1) wrillen by D.T. Biewinga 1985.

A limitalion was caused by Ibe lenglh of tilt MNI2 cable nailable. Tbe
end 101 end separal ion of Ibe inside· (potential) el.ctrodes being a muimum
of 100 melu apart. As non as Iht AB/2 distance 'Heed 250 meier. tile dala'
s et sbould be inlup.led with greal caution, because tben loiN becomes 100

small 10 measure lhe po'enlial eer r ec t difference.

For inhrprelat ion, i lolus spreadsbeat wu used for data'i ling ind
processing. Tbe 'allowing data were Ii led: AB/2, IINI2, 2 (IolN/2). K. measuring
(@V/I). program (input Resint program), ind remarks (sounding number, course
w.r.1. magnetic North eIC.).

"'8/2 ""1'2 ~/2 ""'/2

(_t....-}

1.:1 0.50 50 10.0
2::; 0.50 60 10.0
4 0.:;0 7:i 10.0
6 0.:50 100 10.0.. 1.00 60 20.0
6 1.00 ~ 20.0
B 1.00 100 20.0
10 1.00 12:1 20.0
12. 1.00 1:lO 20.0
B 2.00 I~

20.0110 2.00 12:1 40.0
12 2.00 1:10 "0.0
1:1 2.00 1~ 40.0,
20 2.00 200 40·°1
I:> :>.00 2""-'" 40.":
20 :i.00 300 40• 0 f
2:i :i.00 3:10 40.0,
30 :5.00 400 ..o.o~
..0 ::i. 00 :J:lO 5O.0!
30 10.0 -400 :;a.o!
-40 10.0 :500 :>0.0:

ABI2. MNIZ and Illusuring (@VIl) are known field·data. 2(MltI2) is calcu­
laled, lIlull ipl ing MNI2 by 2. Tbe geometr iell hctor, K, is calculated by
(a Ib - bH) where a = AB/2 and b = 2(MN/2) or MIl. Tbt Ipparent r es i s t ivll,

is calculated by multipling the geometrical 'actor by lbe measured value 0' @V/I.

Secondly, lbe compulerprogram Resinl ('ersion 3. J) was used for tbe Jlnal interpretation. The data
inpuI, ABI2, MNI2, and appar ent resisl-ivit, in lhe computerprogram Resint 3. I, ruulted In a fieldcurve,
where Ihe distance AB/2 Is plotled against 'be apparenl resistivit,. A st ar t ing eartb model was giyen
and lbe progfamm calculales Ibe apparent resisliYil; curve and compares tbis wilb tbe fieldcurve. '1

I
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Irish/Dutch co-operation project on Clara hog .nd Raheenmore.
Geophys Itil fl e Idwork A_ Fuenhorstand .. Smyth 05/0111990 - 05/04/1990.
Dutch geophysical reporl, ".f.renltorst and Dr.~T_Ble.ing., fGBl, UvA_

The model will be adapled until Ibe error criterion Is as small. as pllSsible. Ihe tltickness and
resistivities of tlte linal model are the solution as the resistivity sounding.

4.3. Measuring locations and traversed lines on Ralteerunore and Clara bog.

4.3. I. Raheenmore: EM34·4 surveying.

The traverse lines with Ihe £M34-3 on Raheenmore have a total length of 10 kilomeler (ligure 12a),
and are between 100 and 700 meter apart.

AI J the traverse I i nes crossing Raheenmore bog and surrounding larmingland (I ine A, B, C,D, E, F, G and
MSJ) have been carried cut willt 20 meter in t er ec l t spac tng, hur i znnt at coils. Some traverse lines also
include EM34-3 surveying willt to and 40 meter collspacing (line C and line E), and 20 meter coi lsp ac ing
vertical coils (I ine C, line E, and line MS1). Therefore exira informal ion, on other exploration depths,
01 some par t s 01 lhe bog is also available.

A surrmary of the conductivity measurements is given in table 3a.

Table 3a. Informat ion of the traversed l Ine s at Raheenmore bog.

LINE NUMBEF: COILSPACING-CONFIGUF:ATION TOTAL LENGTH

F:AHEENMOF.:E lOHC lOVC :::OHC :::OVC 40HC 40VC METER

A X 1120
B X 220
C X X X 1850
D X 760
E X X X X X X 480
F X 1200
G X 1060
MSI X X 500

4.3.2. Raheenmore r es t s t ivily soundings.

AI Raheenmore 13 soundings (figure 12b) were carried oul at 200 meter intervals along 111'0 traverse
I ines approximately 600 meter apart running North-West to Soulh-East relative to the National Grid.

The most Westward traverse I jne counts 7 soundings, Where RHSYES II and RSYES12 share the same
centre. The olher traverse line counts 6 soundings where RHSVESOI and RHSVES02 share the same centre.
One sounding (RHSVES08) is made between bolh traverse lines on farmingland at I~e Nort~ side of t~e bOK.
Due 10 practicle problems was it nol pOHible to fit lhe eent r e allong neilher the weslwards Iraverse
1 lne nor the eas twar ds lraverse line. The Nalional Grid Reference for t~e cant r es 01 tbe soundings, and
lhe course -II'. r. t. magnetic North- of tbe electrodes Positions are given in t ab le 3b.
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Table 3b Infor.ation of the resistivity leasurelents, .
.SOUNDING EASTING NORTHING COURSE W. R. T. REMARKS

MAGN. NORTH

RHSVESOI 243910 232400 60 - 240 Raheenmore bog
RHSVES02 243910 232400 150 - 330 Raheenmore bog
RHSVES03 244020 232050 60 - 240 Ra~leenmOYe bog
RHSVES04 244140 232080 60 - 240 Raheenmore bog
RHSVES05 244230 231'960 60 - 240 Raheenmore bog
RHSVES06 243810 231440 60 - 240 r arming-land (C,Mallon Fields)
RHSVES07 243790 232530 76 - 25E. Edge bcog
RHSVES08 243420 232510 60 - 240 ral'"mingland (Killeen~Harte,Brennan)

RHSVESO'3 243280 232240 71 - 251 Raheenmcore bog on D26 <EM34-3)
RHSVES10 243370 232060 71 - 251 Raheenmore bog
RHSVES11 243470 231880 161 -341 Raheenmore bog
RHSVES12 243470 231880 71 - 251 Raheenmore bog
RHSVES13 243570 231710 71 - 251 Raheenmore bog
RHSVES14 243670 231540 71 - 251 Raheenmore bog

10.3.3. MeasurBlllents ate C~ra bog.

The traverBed lines carried out. vitb the EHJ4-3 on Clara bog and surrounding area have a tot:al leDgtb
of 7460 meter (figure 12c). Iaforlllllt.ion of the traversed 1i.nell is given in table loa.

Hallt atet"ntion is given teo the esbrs north of the' bog (photo 7). Here the traversed l.i.nes have been
carried out vit.h 10 _ter coilipacing. horirontal and vertical coils (line 3, 4, 6. and 7), and vith 20
_ter coiLspacing, horizontal .-nd vertical coils (line II. Four reaistivity acnuul.iJJ8a (CLSVES05, 06,
07, and 08), roughly 100-60 _t.ar apart, vere tabn parallel to each other on t.he same. esker edge at. liDe
6 (figure 12d). Information of the resistivity eoundiDgs 18 given in table 4b.

I~

I
The ridge near the BOak. is atudied in detail. At tU.. locad.on tva reBi-t.ivity soundings (CLSVES09

and 10) w"re taken to deteLlllina the nature of the nnderlyiDg material. Line RI, R2. 113. and Rio (l0 and
20 _ter coilapacing with horizontal and verti=l coila) vere carried out to cl.etermine the changea in
t.he layered earteh On tbe ridge and dinct aurrounding.

lit.tle attention ia given to croa.. the bog it.a"lf. Line HAl runa parallal to tile _staid" of the road.
~ line. at:arts in t.he 'Esker Asaociated Sand , Gravel area' (Tat.enhova, 1990: _p!), and is croaaing
t.be esker and the bog towarda the aouth. The line ends in tehe ·Sandy-Io....,. atony Till' (Tatenhove, 1990,
....pl) .ssociat.ed areas. Sounding CLSVESOI, 02/03, and 010 at 300 _teer intervale are carried out on Clara
bog at: line HAl.

The result.s of the measurem"nt.a viII be di.scn"""d in Chapter 5.1 (Rahee:nmore bog) and 5.2 (Cara
bog},

I
I
I
I
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Figure 12d.
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Iriah/Dnccll co-operadan pn>ject: on ClAra bog and Reh_.no.
Coophyeka1 fiel..d1lm.'k A.lanmhoret and H.SIIlJ't:h 05/01/1990 _ 05/04/1990.
Dn~ pophyeical. report. A.larenhorat: aDd Dr.D.T.Biowfnp. lCBL. OvA.

Tab Ie 4 a. In for mat ion 0 f the t r a v e r sed Ii ne sat Cia r abo g.

LINE NUMBEF: COILSPAC.-CONFIG. TOTAL LENGTH

CLARA BOG 10HC love 20HC 20Ve meter

1 X X 1020
':' X X 400.....
4 X X 430
(; X X 300
7 X X 300
MAl X X X X 2':;100
PI X X 220
F:2 X X 220
F''=' X X 400........

F:4 X X £0

Table 4b. Information of the resistivity measurements at Clara bog.

SOUNDING EASTING NORTHING COURSE W.P.·T. IREMARKS
MAGN. NORTH

CLSVESOI 224800 23(t53<) 108 - '-:·00 Clara bog on line MAl (EM34-4)...:... ...... L..t

CLSVES02 224710 230250 18 - 138 Clara bog ori line MAl (EM34-4)
CLSVES03 224710 230250 108 - 288 Clara bog ori line MAl (EM34-4) !CLSVES04 224620 23'3':;1£0 108 - 288 Clara bog ori line MAl (EM34-4)
CLSVES05 224240 230':;170 8E. - 2S6 Eske'r- c~n line 6 <EM34-3)
CLSVES06 224250 230'320 8E. - 2£6 EskEr ·:·n line 6 (EM34-3) ICLSVES07 224250 230890 8E. - 266 Eske'(-bog margin on line 6(EM34-3)
CLSVES08 224260 230860 8E. - 266 ci ar2 bo:,g c·n line 6 (EM34-3)
CLSVESO'3 223':;160 23':;1360 4£ 226 Ridge near sc,ak
CLSVESlO 223720 230000 46 226 Ridge ned.!'" soak

21

2.-+
-----------



Irls~utck co-operatloD project on Clara kog aDd Rabee~re.

GeopbJs Inl fieldwork A.Farenborst nd .. SmJtb 05/0111990 • 05/04/1990.
Datd leopkJsinl report. A.Fareaborst and Dr.D. T.Bie-iDga, FGBl, U.,A.

5. 1. Rual ts.

5.1.1. Resistivity Int er pr e t a t Inn.

To reduce th e t f ee t s 01 equivalence on Ihe interpret at ion we uHd a slandard model. witb ranges for
the r es i s t iv i t j es (lable 5). Tbe standard model is based on geological inlormation and r es i s t Iv i t i es
tbat of len occured al first Irial interpretations.

Tbe most ccemen mOdel is a lour layered earln wi tb r esp ec t ively a surface (peat) layer, a peal layer,
a Till layer, and t imes t ene bedrock (RHSVES04, OS, 09, 12. 13. and 14). Tbe Iwo r es i s t l s i t j measur ement s
on lbe lields near the bog show Iwo differenl models (table 6).

Tbe tbickness of Ihe peal at RaheeMlore bog uries between 2.7 and 22.7 meier (figure 18). The most
eas t en traverse tine shows a strong contrast. All hough, from a Geological point 01 view 'he t h i ckn es s 01
peat is not likely to be over 15 meter (van der Meer, personal conmunicalion). three soundings
(RHSVES03, 04, and 05) at t he middh 01 Ihe bog towards tbe southeast 01 the bog sbow an e r ep t ional
thickness 01 peat between 18 and 22.7 meter. In contrast 10 the thin peat layer towards Ihe north 01 the
bog (RHSVESOI. 02, and 07) were the thickne3S varies between 2.7 (RHSVES07, the margin 01 the bog) and 7
meter. fbe mosl westen traverse line .shows a relative uniform thickness 01 peat 01 5.6 . 10 meter
(RHSVESIO, 11, 12. 13, and 14) and 15.4 meier lor RHSVES09.

Equal 10 tbe relative unilorm Ihickness 01 peal, the I raverse 10 the Wesl 01 Rahunmore bog shows a
(uniform) decr eas e in depth to bedrock, wilh a var ialion in deptb of belween 29.0 meter (northwest 01
Ihe bog) and IS.2 meter (SOUlh of the bog). The resist ivity measuremenl RHSVES06. at C.llallon I ields.
which is in line with the weHen Irnerse lin lhe bog, shows a very shallow depth 10 bedrock, 3.9 meter.
wilb a Ihin Till layer on top. Tbe resislivity measurements al Ihe south side of tile bog r e t l ee t lng a
very sleep gradient of Ihe limestone bedrock between Ibe bog itself and tbe adjacent (Iield) area.

At lhe easten t r ave r s e, the deplh 10 bedrock is much deeper Ihan at the westen I raverse. The traverse
to tbe east of Rabeenmore bog Shows Ihe bedrock 10 be varying in depth from 23.6 to 62. J meIer. Tbe
war ialion in lleptb 10 bedrock belwuo tbe weslero and eastern traverses migbt indicate I hull line
somewbere bltween the Iwo traverses (Smitll, Farenborst and Barton, 1990). Also Ihe difference in deptll
10 bedrock at the northern end 01 ae bog (46.6 and 54.4 meter) and the limestone eut cr np occur ing in
the vicinity (found seut h 01 lhe llulhgbarugb HiII (TatenhoVl, 1990» might indicate a fault or steep
s lope.

AI tile westen traverse tbe Ii II layer. abon tbe bedrock, is t h i ctesl where bedrock is deepesl. fbe
Till layer decrease in thickness Irom tbe nortbwest lowards tbe soulh of tbe bog.

Tile locations wbere Ibe bedrock is deepesl. RHSVES08 (on the Har Ie I ields at the norlb side 01 the
bog), 07 (at Ihe north side on tbe bog), and 03 (in the middle 01 the bog at lhe most easten traverses)
show Ibe presence 01 an very thick layer. At t he nortll side of tile bog, the resistivily of t hi s layer,
respeclively 187 anll 203 Ohm.meter, is in the SJme range. lbis r e t t ec t s an equal char ae t er i s t i c 01
material. According to the measured resiSlivity vall/es the material is more sandy Ihan Ibe Till layer on
t cp 01 tbe t hl ck layer (RHSVES07, 08) and under the tbick layer (RHSVES07). The resist ivi Iy III Ille 40·
meter tbick layer at location RHSYES03 is 100 Obln.meter (conductivity 10 lllS/m) , reflecting also a more
sandy material than tbe Till Illyer on top 01 tbe 40-meter tbick layer. However tbe 40-meter layer is
less sandy than tbe tbick layers al Iocat ion RHSVES07 and 08. Witb respect to tbe tbickness 01 Ille
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TABLE 5. BOG MODEL RAHEENMORE

LAYER (NUMBER) THIC~HESS RANGE CONDUCTIVITY RESISTIVITY

PEAT SURFACE (1) 0.2 - 0.7 2.& - 10.0 100.0 - 380.5

PEAT 0.7 - 1.0 5.2 - 5.5 182.0 - 191.0
, (2)

CLAY 1.1 - 4.2 20.0 - 20.1 49.8 - 50.0

PEAT (3) 2.7 - 22.7 4.2 - 6.6 152.0 - 238.0

TILL (4) 3.4 - 22.& 15.6 - 20.0 50.0 - 70.0

(SANDYHILL (5A) 34.4 - 40.0 4.9 - 10.0 100.0 - 204.8

TILL (58) ·7.2 - 22.6 20.0 - 22.2 45.0 - 50.0

LIMESTONE (6) 15.3 (MIN.DEPHn 0.3 3000
62.3 (MAX.DEPTH)

I I
, SOUNDING MODEL LAYERS

RHSVESOI 1 - 2 - 4 - 6 0

RHSVES02 I - 2 - 4 - 6
RHSVES03 I - 3 - 4 - 5A - 6
RHSVES04 I - 3 - 4 - 6 ,..
RHSVES05 I - 3 - 4 - 6
RHSVES07 I - 4 _

5 - &
RHSvES09 - I - 3 - 4 - 6
RHSVESI0 1 - 3 - 4 - 6
RHSVESll 1 - 3 - 4 - 6
RHSVES12 1 - 3 - 4 - 6

- .. ~

RHSVES13 1 - 3 - 6 ,
RHSVES14 1 - 3 - "l: - Eo

TABLE 6. FIELD MODEL RAHEENMORE
..

LAYER (NUMBIOR) TICKNESS RANGE CONDUCTIVITY RESISTIVITY

TILL SURFACE (1) 0.1 - 0.5 8.7 - 33.€. 29.8 - 114.9

TILL (2) 2.8 - 3 ..4 20.0 - 21.2 47.2 - 50.0

(SANDY)T I LL (3) 51.5 5.3 187.€.

LIMESTONE (4) 3.9 (MIN) 0.3 3000
-, 54.4 (MAX)

..
SOUNDING MODEL LAYERS

RHSVES06 1 - 2 - 4·
RHSVES08 1 - 2 - 3 - 4

TABLE 7. THE CONDUCTIVITY (rnS/rn] OF MATERIAL. AT RAHEENMORE BOG
ONE LAYERED MODEL.

MATERIAL/ONE LAYERED MODEL CONDUCTIVITY (rnS/m]

Peat
r

7.0
Till 20.0
Limestone 0.3
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layers Ind tbe resistivity vilues we probably bave to deal wltb Till wltll I slndy mltril (grlvelly slndy
Ti II). opposite tbe TIll witb • clay lIUtrh (grlully cilY TIll) wblcb Is eUllJDon lound.

Thin clay!?} llyer.

At the Nortb side 01 tbe bog (RHSVESOII. 07, 01 aDd 02) a fellluhble thin llyer is found witb a low
resistivity. At location RHSVES08 the layer thickness is 0.1-2.9 meter. It RHSVES07 between 3.2-5.2
mehr. and al RHSVESOI/02 belween 0.7-1.1117. 5·1L 7 meier presenl. The resistivity of tile layer is
respectively 47.1, (6.5, Ind (9.1150.0 Obm.meter. TIle tbin Ilyer is found on top of tbe grnelly sandy
Till (RHSVES08). betwten tbe pnl llyer Ind tilt gravelly nndy Till (RHSVES07) and between Iwo peat
layers (RHSVESOl/02). Wllb respeet to tbe resistivity values Ind tbe tbickoess 01 tbe layer, it could be
I clay.

None 01 (otber) Interpreted resistivity measurtments demonstrate the presence 01 a lacustrine deposil
or lake OIul between the Ti II layer and the pnt layer. Altbough tbe tbeory assume presence 01 this
layer under tbe bog, Ihere Ire three possible reasons lor the absence 01 It: .

1. TIle clay sedimenhtion only oecurred in certain parts under tile bog area, depending on the localion
of depressions in Ibe landscape and tbe possibilities 01 tbe stagnation 01 rain and snow·mell water
in these depressions.

2. Due to the inadequate tbickness 01 tbe clay layer it is impossible to determine tbe lacustrine
deposits or lake OIarl with tbis method.

J. Due to tbe inadequate resistivity diflerence between tbe elay layer (reslslivity around 500hm.meler)
and tbe grnelly tlay Till layer (ruislivity 500bm.meter) il Is impossible to determine the
lacuslrine deposits or lake marl wilb this metbod.

Tbe model and curves 01 soundings RHSVESll and 12, which share the same e snt r e, are coincident. This
indicates tbal the ground under inYesligation is lateral unjlor~

The model and Ihe ClJrYes 01 soundings RHSVESOI Ind Ol, wbich share Ibe same cent r e at the eastside or
Ibe bog, are sHgthl, dillerent. This suggest lateral inhomogenily alang the lies 01 Ibe soundings. The
weslside 01 Ihe bog is according to tbe soundings al the t r aver s e line, mucb more lateral un i lorm tban
Ibe soundings at the easlside 01 tbe bog.

I
I
I
I'
.1

I
I
I
I

I
5.1.2. EM34-( inlerpretatloD.

It was possible 10 i n t er a kind 01 tbumbrule relalion (code model) between the measured cDnduclivily
and tbe bog materials, by using the slandard models and conductivities or tahle 5.

II Ihe earlb is one-layered, all 01 Ihe material below lifO deplb ,Ield a relalive rcnt r lbut i en 01

unity or 100 " to tbe meier reading, tbe actuat instrumenl reading Ind i eat es the conduttivit, 01 lbe
bomogeneous malerial. Tbe conductivity 01 an one-layered earth, wilb r espe c t to lbe properlies of Ihe
aat er l a l, is gilln in table 7.

TAIILE e. EXPL.\IlATIOM OF GRAPHIC 'CODE RA!l£ElfHORE BOG.

CODE coaOUCTIVIT't EXPl..'BATION
VALUE CS20.HC

STRONG LAYER TICKMESS
I1IFLUElfCll OF .

A < Or • 5 Limeston.. Tlckness of peat .04/01: Till layer at
_st 10 meter.
Llmeston.. close to surface_ within 10
meter below the surface.

III 5 - 1 Peat Tlckness of peat layo:r at least 10-15 m.
ILI ....stonel Tlckness of Till la)"'r lit IDOst 10 _te r

Limeston.. within 20 Deter below surfac..

112 1 - , Peat Tlckness of peat layo:r at l"ast 10-IS D.
ITllll Tlckn.."s of Till layer at least 10 .... t ..r.

LI .... stone at least 20 _ter below surface
".

D > or • , Till Tlckn..ss of 'peat laY.. r at IDOst 10 _t.. r
Tlckne,.s of Till layer at least 15 .... t e r
LI .... ston.. at least 25 _ter below sorfac..
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Iri3h/Dulch co-oper.tion project on CI.r. bog .nd R.heenmore.
Geophysiul fieldwork A. hrenhorst .nd llSmyth 05/0111990 - 05/0411990.
Dutch geophyslc.1 report, A.F.renhorst .nd Dr.D. T.Bie_ing., fGBl, UvA.

If the earth Is multi-layered, it is pOHible to state the relative Inlluence 01 material at
d l I t e rent depths to the indicated .pparent conductivity (chapter 3.3).

The code-model (lable 8) is bued on table 7, (equat ions XXVa and XXYb, figure 9 and 10), and overall
interpretation 01 the traversed lines on Raheenmore bog. The conductivity values and corresponding codes
are only valid lor measurements with the 20 meter coilsp.cing, borizonlal coils, on Raheenmore bog. The
code is rellecting Ihe depth 10 bedrock and Ihe thickness 01 the peat layer or the Till layer.

The rel.lion between layer conductivities and measured conduclivlty can also be c.lculated with Ihe
computer program nux 34; we shall discuss this at the reconmendalions.

Figures 13a - 13e give the smoothed conductivity plotted againsl the distance, measured "ith the 20
meter coilspacing. Under the graph a code (Iable 8) is given. This gives an impression of the changes in
distance, occured in the layered earth with an exploration depth of 30 meter.

line A (fig.13a) crossing the east-side 01 the bog, shows most fluctuations with the dlslance. At
first 600 meter, northeast of the bog, a strong inlluence 01 the Till layer Is measured. Stliking are
the higher values in this part of the lraverse line compared the measured lower values, alter 600 meier,
at

the southeast part 01 the bog. The divilling-I ine 01 these two parts is a very low conduct ivity at 600
meter llistance, reflecting limeslone close to the surface.

The other lines B, 0, F and G (resp.fig 13b. 13c, t3d, and 13e) show less fluctualions. II appears
that in most cues a (relative) thick peat layer is present (code: B2 and Bl). At begin and end 01 each
line, close to the edge of tbe bog, cede A or Bt OCCUIS.

Figure 14 shows line USI measur eu with 20 me t er coi Ispacing, horizontal anll vertical coils. Again al
1hen 0II h sid e 0 f Raheenmo reb 0g, a s t rongin II uenteo I I he t hi ck Till I aye r is, as the cod e 0 ref Iec1s.
observable. The Till layer is close 10 sur I ac e (high values CS20. YC) and will be thick (high values
eS20, HC). limestone bedrock wi II be lound at l eas t 20·2S meter below SUI face, excepl between 30 and 70·
meter where lhe bedrock is e~pected within 10·20 meter below the sur lace (colle BI).

line C (fig. ISa and 15b) is measured with 20 meter cui l sp a c i ng horizontal and vertical coils and 10
metel coilspacing veltical coils (e~ploration depth 7.5 meter).

On the fields, at the norlh side of the bog, high conductivity values, with CS20,HC, eS20,VC, and
eSl0,VC indicate a strong influence 01 the Till layer, from the surface uptil an exploration lleplh of 30
meter, At the begining of the bog, less influence of lhe Ti II l ay er 10
wu values CS10, HC and CS20, YC) indicates an increase 01 the peal layer and decrease 01 the Till.

Al the filst 400 meter on lhe bog (code B1), the peat layer will be relative thick compared wilh 420.
640 met er dis tan ceat the t I IV er sed lin e (c odeO) wh er e I he Till I aye r is mu ch mo r e imp0 r tan t. The
higher conductivity values 01 CS20,VC in t r aj ect 420-640 meter compared wltb lower conductivity values
at the Ilrst 400 meIer on the bog supports the colles (resp. 0 anll Bl 1 B2).

The high smoothed conduclivily values me asur ed with 20 meter coilspacing vertical coils,' at 840 _
1240 meter dislance, i nd i cat es again a strong in t l uenc e of the 1i II layer, up t i l a (explorallon) depth
of 15 meter. The values measured with ce i l sp ac i ng 20 me t er horizontal coils are in this t r aj ect re Iat i ve
low (code 61). The limestone will be, as the code r e r l ec t s. wilhin 20 meIer below sur lace. The thickness
of the peat l aj er is 10 meter, or - because a slrong influence of the Till layer is me asur ed . even
sma II er.

After 1400 meter distance, on the farmingland the peat layer is absent, whi t e the thickness of the
Till layer is exeptional (very high conlluclivily values of CS20,HC). Plobably the Till layer increase in
clay content wilh depth, pointed out by Ihe higher values 01 CS20, HC compared lower values of CS20, ye
and CSI0, vc.

At 1600 meter the limestone will lie close to the sur lace, Here, the CSIO, YC values reflect ing a very
thin Ii II layer belween 5 and 7.5 meter thi ck. Bolh CS20, HC and CS10, YC values are low, and wi th lhe
exploration depths in mind, limestone will be present between 7.5 and 15 meter.

from 1650 meter distance onwards, lhe I imestone wi J I be again at greater depths and Ihe Ti I J layer
much thicker, uptll 30 meter (high values of CSI0, Ye, CS20, YC and CS20, HC from 1650 onwards). The two
opposite peaks (high value 01 CS20,YC Ind low value 01 CS20,HC) at 1740 meter distance indicate a very
st rang gradi ent 01 a faull.

line E (figure 16a and 16b) is measured with all possible collspacings and coi Jllgurat ions. In the
field, using the 40 meter coi Ispacing, strong extreem fluctuating values at one measurement stat ion or
between measuremenl s t at l nns reduce the utility of these values for Interpretation. Therefore the
smoothed conductivity values of the 40·meter coilspacing, horizontal and vertical coils, will only be
plotted againsl the distance bul will not be explained.
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Irl3h/Dutch co-operation project on Clara bog an~ Rabeenmore_
Geopbysical fieldwork ~Farenhorst and M.Smytb 05/01/1990 - 05/04/1990.
Dulch geopbysical reporl, A. farenhorsl and Dr. 0_T.Blewinga, fGBl, UvA.

The smoolhed conduct ivi ty values of CS20, HC show an equable course in distance, code BI or B2. Both
codes are reflecting a relative thick peal layer.

The values measured with the 10 meIer collspacing, vertical and horizontal, are equel wilh each other
at the traversed t r ans ec t This reflects a homogeneous layer at least upt i I 15 meter depth: the peat
layer. This supports lhe given code, BI and 82, at the traversed line.

The measured values 01 lIIe 20 meter coi Ispating vert ical coi Is are smaller than the values measured
with the 10 meIer coilspacing, horizontal and vertical coils. An strong influence 01 the Till layer is
absent and the Ti II layer will be relal ive thin. Above argument also supports lhe presence of an thick
peat layer at this part of Raheenmore bog.

figure 17 shows a coni our map of the electrical conduclivity [mS/m) of Raheenmore bog. The values
could be interpreted according to table 8. Figure 18 reflects Ihe interpretation of the 14 Schlumberger
resistivity soundings at Raheenmore bog. The resistivity values are converted to c.onductivity values
[mS/m) .

At the north side of t ne bog, the high concuctivily values measured ¥lith the £1.134-4 (Fig. 17: 9, 10,
and 13 mS/m) as ¥lell as the resislivity soundings (Fig. IS: sounding RSVES01, RHSV[S07, and RHSVESOS)
indicates an very strong influence or the Till layer, and a limeslone depth of at least 20 meter· belo¥l
surface. The thickness Df the Ti II layer is er ep t ional, at least 15 meter.

Most north¥lards of the bog a lower conductivity value is found, 5 mS/m, bet¥leen higher values 7 and
10 mS/m (fig. 17). This indicates a spherically shape ('hill') of the limestone. interesting s l t e lor a
Schlumberser sounding ..

At the east side as wei I as tile ¥lest side 01 Raheenmore bog, to¥luds the edge of the bog. high"
conduct~vity values are found, 9 and 10 mS/m. The Till layer will be (also) at these sides of the bog
relative thick. This argument is supported by sounding RHSVES04.

Towards the centre or the bog, the conductivity decrease to 7 mS/m and at tbe westside 01 the bog
furthermore to 5 mS/m (riE 17). These values at the we s t side side of the bog and the r esul t s 01 Ihe
i nt e r p r e t a t rcn, with respect to table .8. are supported by soundings RHSVES09 and 10 wich show Till
within 15 meter depth. The values at the east side of the bog and the results of the i nt er pr e t at i on..
wi t h r esp ec t to labl e S. is supported by sounding RHSVES03.

At the south(eas!) side of the bog, low conductivity values at the edge of the bog, 3 mS/m, indica_te <0.

I imestone close to the surface. Sounding RHSVES06 on the farmingland supports this argument. ,.
Towards the centre 01 the bDg, at the southeast s l de, a relative thick layer of peat is present: lrom

10 to more than 15 meter. At the southwest side, the influence of a relative thick Till layer is
not i caab l e between the areas with a r e l a t ive thick peat layer. Sounding RHSVESlIIl2, at the sDuthwest­
centre part 01 the bog supports the conductivity value 5 and the results 01 the interpretation. wilh
respect to table S, in th}s locat ion.

5.2 Clara bog_

5.2. I. The ridge near the soak.
(Fig. 12c and 12d).

Soundings CLSVES09 and 10 (the ·centres are 100 meter apart) on lhe ridge near the soak reveal a three
layered model. First a sur lace peat layer, approlimately 0.5 met er thick, while the "second" peat layer
has a thickness of II. 4 meter (ClSV£SI0) to 12.4 meter (ClSVES09). The depth 10 bedrOCk is respectively
12.0 meIer (CLSVESIO) 10 12.9 meter (CLSV£S09). Since the ground surface at sounding CtSv£S09 is
slightly higher than the ground surface Df ClSVESI0, the resistivily soundings seem to suggest that the
bedrock is al an uniform depth along the longitudinal axis (north-south) 01 Ihe ridge.

However, the EM34·. traversed line R3 (ligure Zlc), along Ihe longitUdinal axis of the ridge, shows
two different areas of interest (tijure 20a):

1) A s t r nng influence ot a Tillar clay layer at 0-60 meIer, 160-240 meter, and 320·400 meter. (high
conductivity values ¥lith CS20.VC. CS20HC).

2) Bedrock relative close to the surtace at 60·160 meter and HO-320 me t sr (low conductivity values
with CS20VC, CS20HC, and CSIOHC).
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Irisb/Dutcb co-operltlon proj!ct on Cllrl bog Ind Rlbeerunore.
Geopbysical fieldwork A.Flrenborsl Ind M.Smytb 05101/1990 • 05104/1990.
Dutcb geopbysicaI report, A.Fannborsl nd OLD. T.Biewinga. FGBl. UvA.

We can conclude Ibat the depth to bedrock has a small varia.ion along the longiludinal axis of the
ridge. If the bedrock is deeper there will be a Till or claJ layer pr es en t between tbe peat and tbe
limestone. On the other hand, if the bedrock is relative c Ia se to tbe surface t ne Till or clay layer
wi II be absent or very thin. He possible structure along the longitudinal ads of the ridge is given in
figure 21e The figure is based on the conductivity measurements of line R3.

He £11134-4 tines line Rl and R2 (fig. 21a, 21b, and 21c) t r ave rsed t he ridge from eas t to wesl. Both
lines s ho..... he same course in distance. From t he bog (0 meter distance) to hal f ·way the stope at the
eastside of the ridge (at 60-80 meter distance) we measured a strong decrease in conduclivity .... ith the
20 me t e r coi Ispacing, vertical coils. The data oblained with the other coi Ispacing and coil configurati­
ons show also a s l i8th decrease in conductivity values in t h i s t r aj ee t . This r e I t ec t s a decrease in the
influence of a layer with a high conductivity between the peat layer and t he bedrock, probably a Till or
a clay layer.

Towards the top of the ridge until half-way the slope of the weslside Dr the ridge the data show,
according to the relative low me asur ed values with CSIOHC. CS20HC, and eS20VC, bedrock r e l at ive close to
t he surface (between 7.5 and 15 met er ). The va I ues measured with the 10 meter coilspacing vertical coils
rei Iec t ape a I Iaye r or (a tie as t) 7. 5 me H r.

Fur t her down from hall·way the slope t nwa rds (he bog on the westside of the ridge a strong increase
01 the values with CS20ye and a sligth increase of the values with the olher cn i l sp ac i ng and coi Ifigura­
I ion is measured. This indicate, in the s ame way as the eastside of the ridge, an (increasing) influence
01 a Till or clay layer between the peal layer and (he bedrock.

The possible structure along the short axis 01 the ridge is given in figure 21d. The ligure is based
on the EM34·4 ccnduc t ivily measurements 01 line Rl and R2.

The gradient of t he conductivity a( the west side is s t r ong er than at the east side, so probably the
slope of the bedrock is also stronger a t the westside. .

The EM)4·4 line 4 shows an increasing i nt l uenc e 01 the Till or clay layer in t he layered 'earth.
(increasing conductivity values .... ith CS10,ye and eS20,HS). The Till or clay l aj e r below the sur f ace wit·1
in cr ease in t hie knessw i I h dis tan ce (I i g. 20b} Pro bab I t . the de pt h lob edroc kin ere as e (i ncr eas i ng
cenduc t i v i t y values CS20,YC} and the thickness 01 the peal layer below the surface will decrease
( inc r easin g val ues 0 f CS 10, Ye).

5.2 2 The Esker.
(Fig 12c and 12d).

5.2 2. l. EM34·4 measurements.

Figure 22a to 22e shows the smoothed ccnduc t l vt t y, measured ·at the sur lace, plotled against the
distance of the I ines along the top 01 the Esker towards the bog.

Table 9 gives the "surface" material at the traversed lines with distance.

The measured values of traversed lines 3. 4, £. and 7 show exactly the same course 01 the conduct ivi­
ty with distance. As a consequence 01 lhe Sleep slope. most attention is given to CSI0, ve. as the
vertical coilfiguration is relative insensitive to terrain topography, compared to he r i runt a l
coi II igurat ion.

In the graph 01 the lines 1,3,4,5, and 7. the measured conductivity (CSI0,YC) sholfs lour n l t t er ent
sect ions.

First relative low conductivity values al 0-7() (line £ and 7) and 0·100 meter (line 3 and 4). These
relative low conductivity values i nd l cat e unsaturated Esker material.

The second s ec t i nn shows a s t rong gradient in the conductivity belween 70-120 (I ine 6 and 7) and 100­
150 meter (I ine 3 and 4). The increase of the the cnnduc t i v i t j s t ar t s at the s ame point on the Esker· lor
all traversed lines: 60 meter belore the Esker/bog border. The Slrong gradient 01 the measured values
could i nd i cat e:

I} An increase in clay content of the Esker material.
2} The eKistance of Ti II under the Esker (material) al Ihe Esker/bog border.
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Figure 21 c. Tra~ersed lines on the ridge near the soak. I
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Irisb/Dutcb co-operatloo project on Cllra bog and Rabee~rc.
Geopbysical f1eld1rort A.Fauoborst and Ilsmyth 05/0111990 - 05/0411990.
Dutcb geopbysical report, A.farenborst Ind Dr.D. T.Bie.ingl, FGBl. UvA.

II sbould be noled that the menored nlues wi Ib tbe 20 meter coi Ispacing, horizontal coi Is sbow at
comparable distance (BO·I00 meter before tbe Esker/bog border) two negative values (figure 22d). This
indicates a very steep slope in tbe layered elrtb or I faull.

The tbird Ind tbe fourth sect ion of the graph sbow r e l at ive high conductivity values. In the tbird
section, Ihe conductivity values lIIenured wltb CSI0,HC are lower compared to CSI0, YC. Ibis indiule a
strong influence of tbe Till layer in lbe Ilyered earth.(belween 0 and 15 meier). The peat layer is very
I bin.

The fourlh section "st ar t s ' at 10 (fine 6 and 7). 20 meier (line J), and 60 meter (line 4) at tbe
bog. Here. the conductivily values measured wilh CSIO.HC (uploration deptb 15.0 meIer) are higher
compared to CSIO, YC (uploral ion depth 7.5 meter). This indicate an increasing thickness of peal.

5.2.2.2. Resistivily soundings ClSVES05, 06, 07 and OB.

Four r es t s t ivi Iy soundings were t aken on line 6, at 40 (ClSVES05), 100 (ClSVES06). 180 (ClSV[SO]),
and 230 (ClSV[S08) meier distance (liB.22f).

Sounding ClSVES05 shows unsaturated Esker maier ial up t o at l eas t 25.4 meIer deplh, conform to the
interpretation of tbe first section of tbe graph of Iille 6 (figure 22e). The depth 10 bedrock will be
deeper Ihan 25.4 meter.

AI 100 meter dislance Irom Ibe top or Ihe Esker, bedrock can be round at 8.4 meIer below tbe surlace
(ClSYES06). On top of Ihe bedrock, a layer witb r e Iat ive 10.... resist ivity is found. The layer t h i ckne s s
is 3.8 meter. and with respect 10 the resistivity value, it could be a clay or Tilt. Above tbis layer,
Esker material is found: al the surface 10 4.6 meter deep. The presence 01 a clay or Till layer under
Ihe Esker (malerial) at tbe Esker/bog border is already menlioned in paragrapb 5.2.2.1.

Sounding ClSVESO] and 08 reveal a louf·layered model: surlace peat layer, peat layer, Till layer and
limestone bedrock. The possible structure along the top 01 the Esker towards tbe bog is given in figure
23. The ligure is based on the conductivity me asur ement s of t rave rs ed line 6 and tbe resistivity
soundi ngs.

S. 2. 3. line MAL

Figure 23a-d rellecI tbe smoolhed conductivity plotted against Ibe distance 01 line MAL lnt e rpr e t a­
lion of Ihe EM34·4 conductivity values are ginn below the graph, as well as t he interpretation of tbe
resist ivi Iy soundings ClSVESOl, 02, OJ, and 04.

5.2.3. L EMH -4 measurements.

The conductiVity values (CSI0,VC, CS20,HC, and CS20,VC). at 0 . 640 meter distance ('i&.23a), are
erratic, as a result 01 tbe Hry rapid lateral changes in resistivity arising !rom the sand and gravel
(often occuring in the form 01 concretions) material (McNeill, 1980).

At 180 mUer distance a steep slope in the layered earth or fault is present. Al 430 meter
distance,low conductivity values of CS20,HC indicate limestone within 15 meter below surface and a
relan" upl ift 01 the I imestone bedrock.

The conducl ivity measured with the CSI0, VC shows values 01 about 10 mS/m from 600·1650 on I ine MAL
The conduct ivily lor peat inferred !rom the Schlumberger sounding is 6 mS/m and 10 lOS/m for the top peat
layer. So t he CsIO, VC value of 10 lOS/m is a I itt Ie bit too high for an inl inite tbick peat layer. but a
reasonable value for a peat layer of about 1.5 meter thickness unde r la i ed by a Till/clay layer (wbich
has a bigher conductivity).

Measurements with greater penetration, Cs20 HC/VC, shOll mostly values lower than 10 lOS/m wbat
indicates that the good conduct ivi Iy Ti II layer above the I imestone is very thin or absent. Values
greater than 10 lIIS/m are found on I ine MAl at 920 meter (ClSVESOl), 1080 meter and 1220 meIer
(CLSVES02). Values above the 10 mS/lII are also found between l~OO and 1650 meter.
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Ftgut~e 23a. Line IviAi.

Smoothed conductivity plotted against distance_
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Figure .23b. Line rvtAl cont.inued.
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Irlsb/Dutcb co-operation project on Clara bog and Rabeerunore.
Geopbysical fieldwork IlFarenborst and •. $mytb 05/01/1990 - 05/0./1990.
Dutcb leopbyslcat report, IlFarenborst and Dr.D.T.Slewlnga, FGBL, Uvll

At 780-860 and 1720·1880 meter distance, Ihe relative low conductivity values of CS20, YC and CS20,HC
Indicate limestone respect/Yely within 15 and 20 meter below surface.

The other parts of tbe bog show, witb respect to the conductiYlty ulutS of CS20,HC and CS20,YC,
limestone mare tban 20 meter below surtace.

On th cut away bog, at 1900·2HO meter dhtance, ¥ery bigh (increasing) conductivity values of
CSlO,VC, CS20,YC, and CS20,HC indicate a strong inlluence 01 Till (1Ig.23c-d). Tbe Till layer will be
present between 2 (higb conductivity ulues of CSI0, YC) and 3D meter (high conductivity walues 01
CS20, VC and CS20,HC).

At 2140·2500 meter distance (Iarmingland and cut-away bog), the low conduct ivity valutS 01 CS20, HC
indicate limestone ·close" to the surlace (lig.23d).

At Ihe Farmlngland the thickness of Ti 1/ wi II decrease, as the conduct i v i ty ulues of C510, VC,­
CS20, VC and C520.HC desreases.

At the cut-away bog the relat ive IDw conductivity ulues of C510, YC ShDW the presence of a peat
layer. He maximum thickness Df peat wi II be 7 meter, as tbe high conductivity values DI C520, VC
indicate a (strong) influence of Till between 8-15 meter depth.

The conductivity values DI C510,VC, C520,HC, and CS20,VC, at 2560 - 2900 met er distance (fig.23d).
are erratic, as a result Df the very rapid lateral changes in resistivity arising from the (stony) Till
material. AI 2780 meter distance a s t eep slope in the layered earth or laull is present.

5.2.3.2_ Resistivity soundings ClSVES01, 02, 03 and 04, aiong line MAL.

Four resistivity soundings were performed on line MAl, at 920 (ClSVESol), 1220 (CLSVESOll02)" and
1520 (Cl5VES04) meter distance (lig.23b'cc). Due to the limiled number of soundings performed on line
MAl, tbis i nl armat i nn is l nadequat e to build up a general picture DI the layered ear III,

The thickness 01 the peat layer varies between 7.0 ·11.5 meter (resistivity soudings Cl5VE501,_ 02,
and 04). This is confirmed by the EMH-. interpretation (paragraph 5.2.3.1.).

Resistivity soundings CLSVESOI Ind ClSVES04 show the presence of a Till layer, tile layer thickness is
respettively 18.4 (CLSVE501) and 10.4 (Cl5VES04) meter. At 1220 meter, the Till layer is absent. Here
sounding ClSVES02 and CLSVES03 show the presence 01 clay at 5.5-6.5 and 11. 5-12. 5 (ClSVES02), and at
16.1-17.1 (ClSVES03) meter depth. The presence of a (thick) Ti II l1yer at 1520 meter distance, as well
as the absence of Ti II at 1220 meter distance' is confirmed by the EM34-4 inlerpretatJon (paragraph
5. 2. 3. 1. ).

At ClSVESol. I imeslone bedrock can be found 29.3 meter below the sur Iace. conli rmed by tbe EM34-4
Interpretat ion (paragraph S. 2. 3.1.). At 1220 meter distance, tbe I imestone bedrOCk Is much closer to the
surface, respectively 12. S (CLSVES02) and 17.1 (ClSVES03) meter. CLSVES04 shows IlmestDne bedrock at
17.• meter be 1111'1 t he sur face.

TABLE 9. THE "SURFACE" ~T~RIAL AT THE ESKER-BOG TRAVERSED LINE.

LINE ESKER ESKER/BOG BORDER BOG COILSPACING/CONFIGURATION

3 0 - 170 METER 170 - 200 METER 200 - 400 M. 10 HelVe
4 0 - 160 METER lE.O - 1'90 METER 190 - 430 M. 10 Helve
E. 0 - 130 METER 130 - lE.O METER 160 - 300 M. 10 HCJVC
7 0 - 130 METER 130 - 170 METER 170 - 300 M" 10 HC/Ve
1 0 - 200 METER 200 - 240 METER 240 - 1000 M 20 HC/Ve
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IrlsbfDulcb co-oper.tion project 00 Clar. bog aod Rabeenmore.
Geopbyslcal fitldwor_ A.hnoborst .od ILSmJlb 05/0111990 - 05/04/1990.
Out ell geopbyslcal report. A.Fartnltorst and Dr. D.T. Bitwillga, FGIlL. UvA.

6. Conclusions.

6_ 1. hltetnmon bog.

Tbe results of EM34·4 surweying Ire in generll .greement witb the Scbtumberger resistivity soundings
.t Raheenmore bog.

At Rabeenmore bog, most resislivity soundings show a lour layered e.rtb-model, respectively (surface)
peat, peat, (gravelly clayey) Till, and limestone bedrock (RHSYESOl, 04, as, 09,12,13, .nd 14). ibis
Is conform to the EII34-4 conduct ivity measuremenls, wich indicate. tbrn I.yered ear th, respectively
peat, (undivided) Till, and limestone bedrock (line A,B,C,D.E,F.G, Ind USl).

Some reslstivlly soundings at Raheenmort bog show. at locations wbert tbe hdrock is deepesl, the
preHnce of a fHtb layer, (Bravelly sandy) Ti II, on top or the limestone bedrock or (llravelly clayey)
Ti 11 layer (RHSYES03, 07, and 08).

On Ihe field near the bog, r es i s t ivi Iy soundings indicale a tbree (RHSVES06) and four (RHSYES08)
layered earth-model, respectively 1). (surface) Till, (grnelly clayey) Till, and limestone bedrock, 2).
(sur lace) Till, (grawelly clayey) Till, (gravelly sandy) Till, and limestone bedrock. fbis does not
oppose t he EM34-4 conductiwily measurements wbich Show a two layered earth; respectively (undiwided)
Till and limestone hedrock.

6. 1. 1. lbe peat layer.

At Rabeenmore bog, it appears that in most cases, a (relal in) Ihlck peat layer is present. EIIH-4
measuremenls r e t l ee t a homogeneous, bolh in depth and general configuration, peat layer of 10-15 meter
I h i ckne s s.

Although. Irom a Geological point 01 vieuw the Ihickness 01 peat is nol likely to be ower 15 meter.
t hr ee soundings (RHSVES03, 04, and 05) at northeast 01 the bog show a exept ional thickness of peat
between lB and 22.7 meter. However in table 5 ane can see thaI sandy TIll and peat semet imes hne Ihe
same resist ivi t r.

In the West and ~oulhwesl of Raheenmore bog, the peal thickness is varying between 6.2 and 15.8
me t er , (sounding RSVES09. 10. 11. ll, and 13. and EMH-4 line 0 and F).

In general, one hundred meIer belore the bogl-cut away bog or bogll i etd border, tbe peat layer
thickness is varying belween 5.0 and 7.5 meter. Th er eaf t er , towards the edge 01 t ae bog. the Ihickness
01 the peat layer rapidly decreases to 1.0·3.0 meter.

6.1.2. The Ti II layer.

The tbickness 01 Ibe (gravelly clayey) Till layer at Raheenmore bOB varies betwfen 4 and 20 meter.

At northeast and soutbeut of Rabeenmore bog, a strong influence of TIll is measured (EM34-4 I ine A
and C). Tbe Ti II layer tbickness is at least 15 meter. Conform to the resist Ivit, soundings at tbe nortb
(flg.24 N(2)} and norlbeast or Rabeenmore bog, which sbow (grawelly clayey) Tlfl la,er tblcknesses of 20
meter (sounding RSVESOI and 04).

At lhese sides of Raheenmore bog, as well as on lbe Hart field at tbe nortb side of Rabeenmore bog, a
(gravelly sandy) Till layer is pr esent on top 01 Ibe (grnelly clayey) Ti II layer or limestone bedrock
(sounding RHSVES03. 07, and DB).

The tbickness of the (grnelly sandy) Till layer waries between 34 and 51 meter, and is found wbere
the limestone bedrock is deepest.

At t he northwest and wesl side of Raheenmore bog, EM34-4 line D. higb condUctivity values are lound.
The Ti II layer wi II be (also) at lbese sides of tbe bog relative Ibick; at least 15 meter. The tbick
Ti II layer is also at the northwest and wesl edge of tile bog (fig.17: [1134-4 contour map and sounding
RHSYES09) and towards Ibe cenlre 01 tbe bog (sounding RHSVES(0) present.

At the snut n side. tram 350 meier at the bog towards tbe edge of tbe bog, tbe Ti II layer rapidly
decreases in tbickness (fig 17: conductivi!y values respHliwely 9, 7, 5, and 3).

At soutbwest. soulb, and suut heas t side of Raheenmore bog, tbe t!lichen of tbe Till layer is at mo~t
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Irlsb/Dulch co-operatillo project 110 Clara bill alld Rabee~re.

Gellpbyslcal fieldwork A.fareobllrst aod M.Smytb 05/01/1990 - 05/04/1990,
Dutch geopbysical report, A.Farenborst Ind Dr.D. T.Bie.ioll, FGBL, UvA.

9 meier. Thh is supported by the relat ive loll' unduclivlty uluu (11,.17: 1 and 5 mS/m) and
r es i s t iYII, soundings RHSVES05, 11, 12, 13 aod 14 (f11.lB).

On lbe I ield It Ibe soulh side of Rabunmore 1I0g, the tbickoess of Till Is 3.9 llIeter (Sounding
RHSVES06).

6.1. 3. Tbe clay I.yer.

A ain tlay layer i3 lllund at lbe nortb side of Rahenmorr bog, as well as on the Han field at tbe
nortb side 01 Rabeenmorr bog. Tbe layer is preunt, on top of (gnnlly undy) Ii II (RHSVESOB). between
the (granll, sand,) Till (RHSVES07), and between two peat layers (RHSVESOI and 02). Tbe tlay layer
tbickness varies between 0.9 and 4.7 meter.

None 01 et ae r resistivily soundings or EM3C-4 measurements inditate tbe presence of a lacustrine
deposit between Till and peat la,er(s). Tbere are three possible reasons for tbe absence 01 it:
I. The clay sedimenlation onl, occured in certain parts under Ibe surveyed .rea, depending on the

location of depressions in Ihe landscape and Ihe possibilities 01 slagnation 01 rain and snowmelt.
water in these depressions.

2. Due 10 the inadequale thickness of a clay layer it is impossible to determine lake marl with the
used geoph,sical methods.

3. Due to Ihe inadequale r es i s t i vl t j contrast belween the clay la,er (resisllvily 45.0.S0.0'Ohm.meler)
and Ihe (gravelly clarey) Till (resistivity 50 Ohm.meter) il is impossible 10 determine Ihe lake marl
wilh these methods.

6.1.4. limestone bedrock.

At Raheenmore bog, the depth 01 limestone bedrock var i es between 1. S (0134-4 I ine A and C, and
fig.l7: condu£tiYily value 3 mS/m) and 62.3 meter (sounding RHSVES03).

MoS! northwards 01 Ihe bog (lig.24 N(1», a lower cnndue t ivt tj value is lound, S mS/m, belween bigher
values, 7 and 10 mS/m (I ig.I7). This indicales a spherically shape ('hi II') 01 the I imes t ene at the
norlh side (tig.24 N(Z» of Raheenmofe bog.

From Ihe northwesl to the southwesl of Raheenmore 1I0g, the depth of I imestone bedrock decreases.
AI the northwest and wesl side. I imeslone bedrock is lound respect ive.y 30 and 20 meier lIelow

surface. (fig.17: conductivity values 9 and 7 mS/m, and soundings RHSVES09 and (0). _
Al the soutbwest and soulh side, the deplb 01 limestone lied rock varies lIelween 15 and 18 meter

(I ig.17: conduct ivily yalue 5 mS/m, and soundings RHSVESIJ, lZ, 13, and 14 mS/m).

Resistivity soundings, as well as EM34·4 measurements reflect a yery steep gradient 01 the limestone
depth between Ihe 1I0g itsell and the adjacienl field area at the soulb side of Raheenmore 1I0g.

Resistivity sounding RHSVES04, a two bundred meier belore the 1I0glfieid 1I0rder. shows limestone
bedrock 15.4 meier below Ihe surface. Therealter, towards the edge or the bOll, the deptb of limestone
bedrock rapidly decreases.

AI Ihe boglfield border, limestone bedrock is found witbin 7.5 meier belo. sur t ac e (EMH.4 line C:
condu£1 iyi I, values 3-4 IDS/Ill, and lig.17: conducl i,ily value 3).

Resistivity sounding RHSVES06, at C.Mallon lields, Shows a very shallow deptb of limestone. 3.9 me t er
be I ow sur face.

North(2) and Northeasl of Raheenmore bOl, as well as on the Har t lield at Ihe nortb side 01
Rabeenmore 1I0g. limestone is interpreted at least 25 meter below surhce (fig.l1 eenduc t ivity values) 9
mS/m. and sounding RHSVESOI, 03, 04, and 07).

The exept IIlnal depths 01 I imes t ene found at lhe norlh, 46.6 (RHSVES07) and 54. S meier (RHSVESOB),
and northeast side, 62.6 (RHSVES03) and 45.8 (RHSVES04) meter below sur lace, are in strong cnnt ras t to
tbe I imeSlone deptbs found at west side of Raheenmore bog. The VIr lat ion in deptb 10 bedrock might
indicate a tault.

Aho t he di llerence in depth 10 bedrock at the northern end of the bog and Ihe t imestone outcrop
occur ing in tbe yicini Iy, found south of the Mullagbarugh Hi II, might indicate a Laul t or steep slope.
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Irisb/Dutch co-operation project on Clara bOI ~nd Raheenmore.
Geophysical fieldwork Jlf.renborst and M.Smytb 05/01/1990 - 05/04/1990.
Dutch geopbysical report, A.Farenhorst .nd Dr.D. T.Biewing•• FGBl, UVJl

6. 2.CI.ra bog.

6.2.1. The ridge near the soak.

The shape of the ridge near the soak can be explained by the dome-sbaped I imestone bedrock at Ihis
-Inc a t ion Th crest of the dome·shaped bedrock is at a depth 01 approximately 12 meter below surface
(CLSVES09 and 10).

The crest of the dome·shaped bedrock has a small variation along the longitudinal axis 01 the ridge
(EM34-4 J ine R3). A Ti II or r l ay layer is lound, belween peat and Limestone bedrock, where bedroclc. is at
least 12 meter below sur lace. II Limestone bedrock gels shallower in relation to the ground surface the
Til J or clay layer is absent

A strong influence of Till is measured a t the west and east sides of the ridge. At the bog towards
the top of the ridge the thickness 01 Till decreases. Harf-way the slope the influence of Til I isabsenl,
as towards the top 01 the ridge, EM34-4 line RI and R2 indicate, a lwo-layered earlh model: a peat layer
and I imestone bedrock.

6.2.2. The Esker to the norlh of Ihe bog.

On the slope of the Esker, EM34·4 survey shows unsaturated ESker mater i a l up t o (at I east) IS meter
below surface (line I, 3, 4, 6, and 7)

At 40 meter - from the top of t he Esker downwards, the dept h 01 I imestone bedrock is at I east '25. 4
meIer be low sur lace, as sound ing CLSVES05 shows uns at ur a t ed Esker mater i a I uplo {a t least) 25.4 meter
below sur Iace. .. ",

The une- layered earth model is found as lar as 70 meter - from the top of the Esker - downwards~,(line
6 and 7)

Further - on Ihe slope 01 the Esker - downwards, EM34-4 survey shows a two-layered earth mnde t.
r esp ec t ivi ty Esker mater i aI and Till, or an increase in clay cnn t ent ot the Esker mal er i al in the
layered earth.

Conform to sounding CLSVES06. at 60 meter belore Ihe Esker/bog border, which reflects Til I or a clay
layer, The layer has a thickness 01 3"8 meter. The Ti l l or clay is found between Esker material. with a
thickness of 4.6 meIer, and Limestone bedrock, which is lound 8.4 meIer below sur lace. The limeslone
bedrock slopes sleeply downwarlls. towards the Esker/bog borller.

AI comparable di s t anc e, 80-100 meIer belore lhe Esker/bog border, a very sleep slope in the layered
ear tho r a I au Itis pre sen I, as £M34 -4 lin e 1 shows Iwo neg aI i ve (c 0 ndue t i v i t y) va Jues.

On the slope of the Esker, towards the Esker/bog border, and at Clara bog, the strang influence of
Ti If remains, At Clara bog, 20 to 70 meter Irom the Esker/bog border, the Till layer thickness is
respectively 5,1 (ClSVES07) and 8 4 (CLSVES08) meter.

AI the Esker/bog border towards Clara bag, the peal layer increase slightly in thickness. At 20 meter
Iram the Esker/bag border, the peat layer has a thickness of 5.3 meter (CLSVES07). At 70 meIer from the
Esker/bog bur de r , Ihe peat layer thickness is 6.2 meIer.

6.2. 3. Li ne MAL

line MAl runs parallel 10 the westside 01 the road, The I ine starts in the 'Esker Associated Sand &
Gravel area', and is crossing the Esker and the bog towards the south. At Clara bog, four soundings were
carr ied out on I ine MAL line MAl ends in the 'Sandy- loamy stony Ti II' associated area.
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Irish/Dutch co-operation proje~t on C'ara bog and Rahee~re.

Geollbysin' fie'dwork A. hrenborst and IlSmytlr 05/0111990 - 05/04/1990,
Dutch Beophysical report, A.farenhorst and Dr.D.T.Di~ioBa, fGDl, UvA_

6.2.3. 1. The Esker an MAL

The conductivity values of £"'34-4 survcy on the slope o'f tbe Esker arc erratic, as a result of tbe
very rapid lateral cbanges in resistivity arising from tbe sand and gravel material.

At 180 meier distance a steep slope in t he layered earth or a fault is pr es ent , At the soutb side.
the low conductivity values, indicate a relative uplift of limestone bedrock. At fbis side limestone is
found within 20 meter below surface.

6. 2. 3. 2. The bog.

Al Clara bog, with r esp ee t 10 the £1134-4 conductivity values 01 Ihe traversed line, t he thickness 01
the peal layer var i es between 5 and 12 meier, conlorm to soundings CLSVESOI. 02, 03, ud 04, which
indi cate peat layer thicknesses 01 7.0 10 11. 5 meter.

On the Iraversed line, a (strong) influence of Till in t he layered earth is largely absent, as £M34-4
conductivity values of CS20,HC and CS20, VS are relatively low. At this part 01 Clara bog, tbe Till layer
wi II be very Ihin or absent Conlorm to sounding CLSVES02 and 03, which show (onty) a clay of 1 meter
thickness, h e tween tbe peal layer and I imestone bedrock.

At 1060-1200 and 1420-1640 meter d i s t anc e, tbe high conduct ivity values o I CS20. VC indicate a s t rcng
influence Df Till. Tbe Till layer is fDund belween 7.0 and 20.0 meter. ConfDrm to sounding CLSV£S04,
wich SbDWS a Till layer al 7.0-17.4 meter below surface.

On the traversed line, wilh r esp ec t to the £M34-4 conductivity values D' the traversed line,
limestone bedrDck is largely fGund at least 20 meter be low surtace. Cnn t e rm to sounding CLSVESOI. where
limestDne is fDund 29.2 meter below surface.

At 780-860 and 1720-1880 meter distance the bedrock is sha t t ower in r e l a t i cn to lbe ground surface,
within 15-20 meter below surface.

Sounding CLSV£S 02, 03. and 04 indi cal e limestone bedrOCK at respect ively 12.5, 17. I and 17.4 meier
below the sur lace.

6.2_ 3.3 Cut away bog and fie td ar ea.

On lhe (I i r s t ) cui away bDg area, at 1900-2140 meter distance, a Ti I I I ayer is found between 2 and 30
met er , as EM34-4 surYey r e I l ee t s Yery high (increasing) conductivi ty values, The peat layer has a
thickness DI (at most) 2 meter.

On the (first) farmland, a t 2140·2400 meter distance, t he thickness nt Till decreases, as the £M34-4
cDnductivity walues decreasing. Limeslone bedrDcK gets shallower - within 15 meter, in r el at i cn to the
ground surface.

On the (s eccnd) cut away bDg area. the peal layer has a t hl ekn es s of (at most) 7 meter. On the
(secDnd) cui away bog area, bigh conduclivity values 01 CS20,VC indicate a strong influence of Till. The
Till layer is found belween 8.0 and 20.0 meter. Limes t cne bedrock is found witbin 20 meter below
sur lace.

On the (s eccnd) farmland, the £Ml4-4 conduclivity values are erratic, as a resull 01 .be very rapid
laleral changes in resistivity arising Irom Ihe slDny Till material.
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Irlsb/Dutcb 'co-operatloll proiett on Chra bog and RabcelllllOre.
Geopbysical fieldwork ILFarenborst and K.Smytb 05/01/1990 - 05/04/1990.
Dutcb geopbyslcal report, A.F.renhorst .nd Dr.O. T.Biewinga, fGBl, UvA.

7. Discussion .nd recommend.tlons.

7.1. Rlbeenmore.

Most at t en t l en is giyen 10 [MH-4 survey win the 20 meier lntercollspaclng, horizontal coils.
Allough interprelalion has r esu l t in I (reliable) conlour map 01 Ihe eleclrical conduclivity 01 Ihe
layered eerlb at Rabeenmore bog, Ibe grid size of Ibe Iraversed lines is 100 course to give a detailed
informal ion on tbe cenlre of Rabeenmore bog.

Conlinualion d' £1,134·4 survers on the bog i t s e l I is usefull, altough il the measurements are taken
with 20 meIer inl ercoi 'spating hor i znnt a l and ver I i cal coi Is.

First, Ihis data can be used lor specific in'ormation on a traversed line in areas a. interesl, as
these coilconfigurations give an accurate impression of tbe influence d' Ibe Till layer, and Ihe depth
01 Ibe Limestone bedrock.

Second, a more closer grid size will result in a more accurate contour map a. Ibe eleclrical
conduclivity al Rabeenmore bog.

Tbe 10 and 40 meter inlercoi l spac ing have given less informat ion because:

I. Using the 10 meter inlercoilspacing vertical coi Is, it is only possible to' measure tbe inlluence 01
Ihe peat layer (exploralion depth 7.5 meIer).

2. Using lhe 10 meter i n t er cc i l spac Ing horizontal coils, Ihe i n I l uenc e of the peat layer is 10 s t rcng.
3. Using the 10 meier intercoilspacing, slrong extreem lluctuat ing values alone measuremenl station Dr

between measurement statiDns reduce Ihe uti lity of these values IDr interperlation.

Therelore, lurlher EU34-4 survey with 10 or 40 meier intercoi Ispacing is not advisable.

I Cont inuat ion of Schlumberger
eas twar ds and westwards (' ig. 12b.

resist i v i ty soundings at Raheenmore bog is advisable. Between tbe
traversed lines, two more (parrallel) t r aver s e linn should be made.

I
I
I
I
I
I
I
I
I
I

first. to delermine the nature of the changes in depth 01 the bedrock going from West 10 East and
from t he North to South. Second, to oblaininlormat ion o! the layered ear t h at the centre of Raheenmore
bug.

Further soundings are also necessary on t he tolal outtine field area, and on the rim and outher
reaches of Raheenmore bog. This, 10 obtain inlormat ion o! the i nt er ac t i nn of the layered earth, belween
the bog and Ihe surrounding area.

Drilling operalions witb resislivity and gamma logging are advisable at speci.ic aleas of interest:

I. Al the north (lig.24 N(2») side of Rabeenmore bog, as well as on fields at tbe nortb side 01
Raheenmore bog, to del ermine location, natur e and t h i r knes s 01 the (sandy clay) Till.

2. Al Ihe nortbeasl side of Raheenmole bog, c lose to sounding RHSVES03, 04, or 05, to del ermine I he
exeplional t h i ckne s s 01 peal.

3. At t he seu th side 01 Raheenmore bog, as well as en the fields at tbe suut h of Raheenmore bog.
First, to delermine the verf steep gradient Df limeslone bedrock belween the bog and Ihe adjacient I
field area. Second, 10 determine nature and depth· in relalion to Ibe ground surlace - of limeslone
bed rock.

7.2. Clara bog.

Due to the I imi led number o' resist ivi ty soundings a t Clara bog i I Is nol yet possibl e 10 inler a
complete piclure 01 the slruclure o' Ibe bog.

A survey covering a much larger geographical area is needed to more accuralely quantify Ihe spacelorm
01 Clara bog (Smyth, farenborst and Barton. 1990).
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IrisblDatch co-operllioa project 00 Cllrl hog Ind Rlhee~re.

Geophys i ul f ielchrork A.flrenhoul Ind It SlIIyth 05/0111990 - Ost0-4/1990.
Dutch geophpiul uport, A.flunllorst Ind Or. O.T.Blcwinga, FGB!.. UyA.

Drilling operalions witb resistivity and gamma Jogging are advislble at specilic areas 01 interest:

1. On the ridge nur the soak. first to determine lhe nature Ind tbicknesas 01 the IIJered eartb.
Second, to determine tbe nature Ind deptb - in relation 10 Ibe ground surface· of limestone bedrock.

2. On tbe slope of the Esker, nur tbe Elker/bog border. Firsl, to determine the nature and tbickness 01
Ti II between Esker material and UmeSlone bedrock. Second. 10 determine tbe nature and deptb - in
relation to Ibe ground surface· of limestone bedrock.

1.3. furtber recommendllions.

Finally Ihere are lour pract ic,,1 recOIllIlendat ions whicb must be rniew 10 Improve the use tutne ss 01
the the (new) dal":

1. Tbe number of times tbat the potential electrode distances are increased bas to be kept as small as
pns s ib t e. So tbis bas to bappen onlr when Ihe signal ne i se rat i e becomes 10 smaI I. "lid delilli telr not
SD olten as bas been done during tbis lieldwork. Tbe measurement musl be repeated only al tbe last A
ABI2 value. 10 go back to smaller values Dr AB/2 is a wasle DI lime.
Tbe number 01 times Ibal Ibe distance between potential electrDdes bas to increase can also be
reduced by using the ABEM wi III a power buns t er; tbe new potent i a l electrode distance = ABI3. so 10
longer MN calbles are necessary.

2. The i ns t r uments sbould only be \lad in (r e ra t ive) dry weather·conditions. Damp will allect the
instruments. resulting in unreliable data.

3. The beigbt 01 tbe cenlres 01 all soundings sbould be levelled in to provide accurate data on the
depth 01 each la~er in relalion 10 a common dalum (Smytb. farenhorst and Barlon. 1990).

4. Using the Srblumberger areas, it is essential to have tbree persons available witb t hr ee walKie
t a lk i es. This will Ireble tbe speed 01 Ibe data cut t ec t lon.

5. To perform a reinterpretation 01 t he Schl umb erger soundings when there are enough resistivity
loggings avai lable lor Clara bog as .. ell as Raheenmore bog.

6. Reinterpretal ion of EMH·4 I ines measured wi tb two or t hr ee ce i Ispacings wi Ib EMIX 34.
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Irish/Dutch co-operation project on Clara bog and Raheenlore.
Geophysical fieldwork A.Farenhorst and ft.Slyth 05/01/1990 - 05/04/1990.
Dutch geophysical report, A.Farenhorst and nr.D.T.Biewinga, F6BL, UvA.
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Date of the measurement: 28/03/1990.
Location CLARA BOG.
Map nr. CLSVES02.
Measuring station nr. : CENTRE AT 224<710 ~ 230 250 N.
Curve Fitting RMS Error: 5.5 %
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Model parameters in metres and Ohm. metres :
layer Thickness Resistivity Interpretation

1 0.4 130.0 SURFACE LAYER.
2 5.1 170.0 PEAT LAYER.
3 1.0 50.0 CLAY LENS?
4 6.0 170.0 PEATLAYEA.
5 1.0 50.0 TILL LAYER.
6 INF. 1400.0 LIMESTONE BEDROCK.
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Date of the measurement : 28/03/90
Location CLARA BOG.
Map or. CLSVESO1.
Measuring station nr. : CENTRE AT 224 BOO E. 230 530 N.
CUrve Fitting RMS Error: 3.3 %

Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.5 104.1 SURFACE (PEAT) LAYER.
2 10.4 170.0 PEAT LAYER.
3 10.3 50.0 TILL LAYER.
4 INF. 3000.0 LIMESTONE BEDROCK.
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Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0,5 99.0 SURFACE (PEAT) LAYER.
2 15.6 170,0 PE~T LAYER.
3 1.1 50.0 TILL LAYER.
4 INF. 3000.0 LIMESTONE BEDROCK.
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Date of the measurement: 28/03/1990.
Location CLARA BOG.
Map nr. CLSVES03.
Measuring station nr. : CENTRE AT 224 710 E. 230 250 N.
Curve Fitting RMS Error: B.7 %
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Model pa~ameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.3 122.9 SURFACE (PEAT) LAYER.
2 6.7 170.0 PEAT LAYER.
3 10.4 50.0 TILL LAYER.
4 INF. 3000.0 LIMESTONE BEDROCK.
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Date of the measurement: 31/01/1990
Location ClARA BOG.
Map nr. CLSVES04.
MeaslH'ing station or. : CENTRE AT 224 620 E. 229 960 N.
Curve Fitting RMS Error: 4.5 %
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Model parameters in metres and Ohm.metres :

Date of the measurement~ 29/03/1990.
Location ClARA BOG. ESKER.
Map or. CLSVES05.
Measuring station nr. -: CENTRE AT 224 240 E. 230 910 N.
Curve Fitting RMS Error: 4.1 S
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29/03/1990
-ClARA B06. ESKER

: CENTRE AT 224 250 E. 230 920 N.
CLSVES06.FDF
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Model parameters in metres and Ohm.metres :
layer Thickness ResistiVity Interpretation

1 0.5 52.0 SURFACE LAYER
2 4.1 195.4 ESKER MATERIAl
3 3.8 35.0 TILL/CLAY
4 INF. 4182.1 BEDROCK
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Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 - 0.5 193.1 SURFACE (PEAT) LAYER.
2 4.8 170.0 PEAT LAYER
3 5.1 35.0 TILL LAYER
4 INF. 3000.0 LIMESTONE BEDROCK
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Date of the measurement : ' 29/03/1990.
Location : CLARA BO'G. BOG-ESKER MARGIN.
Map nr. ; . 'CLSVES07.
Measuring station nr. : CENTRE :AT'224 '250 E. 330 890 N.
Curve Fitting RMS Error: ." .7A I
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Date of the measurement : 29/03/1990.
location CLARA BOG.
Map nr. ClSVES08.
Measuring station or. : CflITRE AT 224 260 E. 230 860 N.
CUrve Fitting RMS Error: 6.0 S

Model parameters in metres and Ohm.metres :
layer Thickness Resistivity Interpretation

1 0.4 111.2 SURFACE (PEAT) LAYER.
2 5.8 170.0 PEAT LAYER.
3 8.4 35.0 TilllAYE~'

4 INF. 3000.0 LIMESTONE BBlROCK.
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Model parameters in metres and Ohm.metres :
layer Thickness Resistivity Interpretation

1 0.5 103.4 SURFACE (PEAT) LAYER.

2 12.4 170.0 PEAT LAYER.
3 INF. 3000.0 LIYESTONE BEDROCK.

Date of the measurement: 31/03/1990.
Location CLARA BOG, RIDGE.
Map or. CLSVES09.
Measuring station or. : CENTRE AT 223 960 E. 229 960 N.
CUrve Fitting RMS Error: 8.6 S
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Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.6 15.8 SURFACE (PEAT) LAYER.
2 11.4 170.0 PEAT LAYER. .
3 INF. 1700.0 LIMESTONE BEDROCK.

Date of the measurement : 29/03/1990.
Location ClARA BOG. RIDGE.
Map nr. CLSVESI0.
Measuring station or. : CENlRE AT 223 720 E. 230 000 N.
Curve Fitting RMS Error : 4.7 I
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Date of the measurement: 14/03/1990.
Location RAHEENMORE.
Map nr. RHSVESOI
Measuring station nr. : CENTRE AT 243 910 E, 232 400 N.
Curve Fitting RMS Error: 10.4 %

Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.7 380.5 SURFACE LAYER.
2 L1 . 49.7 CLAY LAYER.

3 3.9 170.0 PEAT LAYER.
4 19.9 50.0 TILL LAYER.
5 INF. 3000.0 LIMESTONE BEDROCK.
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Date of the measurement : 15/03/90
Location AAHEENMORE
Map nr. RHSVES02
Measuring station or. : CENTRE AT 243 910 E. 232 400 N.
Curve Fitting RMS Error: 4.1 %
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Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.2 166.3 SURFACE LAYER.
2 7.3 170.0 PEAT LAYER.
3 4.2 50 .0 CLAY LAYER.
4 INF. 170.0 PEAT LAYER.
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Date of the measurement: 15/03/1990.
Location ' RAHEENMORE.
Hap nr. RHSVES03.
Measuring station nr. : CENTRE AT 244 020 E. 232 050 N.
Curve Fitting RMS Error: 19.9 %
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Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.3 100.0 SURFACE LAYER.
2 18.0 215.0 PEAT LAYER.
3 4.0 50.0 TILL LAYER.
4 40.0 100.0 ? TILL LAYER.
5 INF. 3000.0 LIMESTONE BEDROCK.
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Date of the measurement: 16/03/90.
Location RAHEENMORE.
Map nr. RHSVES04.
Measuring station or. : CENTRE AT 244 140E. 232 080 N.
Curve Fitting RMS Error : 6.3 I

Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.5 112.3 SURFACE LAYER.
2 22.7 186.2 PEAT LAYER.
3 22.6 50.0 TILL LAYER.
4 INF. 3000.0 LIMESTONE BEDROCK.
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1000

Interpretation
SURFACE LAYER.
PEAT LAYER.
TILL LAYER.
LIMESTONE BEDROCK.

AB/2 100

Resistivity
113.B
200.5
50.0

3000.0
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Model parameters in metres and Ohm.metres :
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Date of the measurement: 16/03/1990.
Location RAHEENMORE.
Map nr. RHSVES05.
Measuring station nr. : CENTRE AT 244' 230'E. 231 960 N.
Curve Fitting RMS Error: 9.9 :
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Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.5 115.3 SURFACE LAYER.
2 3.4 50.0 TILL LAYEH.
3 INF. 3000.0 LIMESTONE BEDROCK.

Date of the measurement: 19/03/1990.
location : RAHEENMORE. C.MAlLON FIELDS.
Map nr. RHSVES06.
Measuring station nr. : CENTRE AT 243 810 E. 231 440 N.
Curve Fitting RMS Error: 16.4 I
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Hodel parameters in metres and Ohm.metres :
layer Thickness Resistivity Interpretation

1 0.5 116.4 SURFACE LAYER.
2 2.7 152.5 PEAT LAYER.
3 2.0 46.5 TILL OR ClAY LAYER.
4 34.2 203.6 ? TILL LAYER.
5 7.2 45.0 TILL LAYER.
6 INF. 3000 .0 LIMESTONE BEDROCK.

Date of the measurement: 20/03/1990.
Location RAHEENMORE.
Map or. RHSVES07.
Measuring station nr. : CENTRE AT 243 790 E. 232 530 N.
CUrve Fitting RMS Error: 6.7 I
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Date of the measurement: 20/03/1990.
Location : RAHEENMOHE, HARTE FIB.DS.
Map nr. : RHSVESOB.
Measuring station or. : CENTRE AT 243 420 E. 232 510 N.
CUrve Fitting RMS Error: 3.8 %

Model parameters in metres and Ohm.metres :
layer Thickness Resistivity Interpretation

1 0.1 29.8 51IHFACE LAYER.
2 2.8 47.1 TILL OR ClAY LAYER.
3 51.5 187.5 ? TILL LAYEA.
4 INF. 3000.0 LIMESTONE BEDROCK.
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Date of the measurement : 21/03/1990.
Location RAHEENMORE.
Map nr. RHSVES09.
Measuring stat~on nr. : CENTRE AT 243 280 ~ 232 240 N.
Curve Fitting RMS Error : 7.2 I
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Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.4 170.1 SURFACE LAYER.
2 15.4 203.4 PEAT LAYER.
3 13.6 50.0 TILL LAYER.
4 INF. 3000.0 LIMESTONE BEDROCK.
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Model parameters in metres and Ohm.metres :

Date of the measurement: W03/1990.
location RAHEENMORE.
Map nr. RHSVESI0.
Measuring station nr. : CENTRE AT 243 370 E. 232 060 N.
CUrve Fitting RMS Error: 8.2 :
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Interpretation
SURFACE LAYEn.
PEAT LAYER.
PEAT LAYER.
TIll LAYER.
LIMESTONE BEDROCK.

Resistivity
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Date of the measurement·: : 22/03/1990.
location :' RAHEENMORE.
Map or. :. RHSVESll.
Measuring station or. : eENmE AT 243 ~70 E. 231 880 N.
Curve Fitting RMS Error : 4.8 I
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Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.5 174.4 SURFACE LAYER.
2 1.0 168.6 PEAT LAYER.
3 8.7 230.0 PEAT LAYER.

.'
4 8.1 70.0 TILL LAYER.
5 INF. 3000.0 LIMESTONE BEDROCK.
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Date of the measurement: 23/03/1990.
location RAHEENMORE.
Map nr. : RHSVES12
Measuring station nr. : CENTRE AT 243 470 E. ·231 880 N.
.Curve Fitting RMS Error: 10.5 %
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Model parameters in metres and Ohm.metres :
Layer Thickness Resistivity Interpretation

1 0.5 103.2 SURFACE LAYER.
2 9.6 237.8 PEAT LAYER.
3 7.4 50.0 TILL LAYER.
4 Itf. 3000.0 LIMESTONE BEDROCK.
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1000100AB/2101

Model parameters in metres and Ohm. metres :
layer Thickness Resistivity Interpretation

1 0.5 122.8 SURfACE LAYER.
2 5.7 230.0 PEAT LAYER.
3 9.1 70.0 TILL LAYER.
4 Itf. 3000.0 LIMESTONE BEDROCK.

r- - - - - - - -

"
.. V

U

l/........ 0 "1t'~

..

Date of the measurement : 27/03/1990.
Location RAHEENMORE.
Map nr. : RHSVES13
Measuring station nr., : CBffRA AT 243 570 E. 231 710 N.
Curve Fitting RMS Error: .. 8.1 :
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Model parameters in metres and"Ohm.metres :

Date of the measurement: 27/03/1990.
Location : ~ORE.

Map nr. : msvES14
Measuring station nr. : CENTRE AT 243 670 E. 231 540 N.
CUrve Fitting RMS Error: 3.7 %
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• Natitmiil Faresr Serna. Ulredrr

• Oepi1l1mef1r of Nature Cons/!lV8lion. Errvimnmenlel Proreaion anti
WildlIfe MilMgemem. T11e fl3!pe

IRISH- DUTCH

by
A.FarenhQf"5t and Dr. nT. Bievvinga.

Report on
a geophysical survey

at
Clara bog and Raheenmore bog

~ Co. Offaly Ireland.

Fysisch Geogf"afisch eft Bodetnkundig LaboratoriuUl
Universit.y_ of Arnsterdarn

Nieu,ve .Prinsen-gf"8.cht. 130
1081 VZ AfDsterdafil

The Netherlands
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.. by
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