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StlJIMAIY 

A resistivity depth probiDg 1!fU'Y87 1fU carried out by the 

BIlreau of I1neral Jlesovoe8. Geologr A Geophp1ca in the ICav1eng area 

of lin Ireland, Papua Bew Guinea. 

'fweDt,.-five depth probes .. re meuured using aSchlumberpr 

a1"1'lUlgell8nt with spacing AB up to 600 metres. Tbedepth probesiDdicated 

a freshwater layer with resistivities between 48 olD-lIetres and 900 ohll­

metres overlyiDg a salt-water layer of resistivity le8s thaD 2 o~tres. 

The depth of the a&1twater/treahwater interfaoe trom i'eaiet1vity results 

does Dot generall,. exceed 14 _tres. It should be possible to .ontor 

salt water intrusion usiD8 the res1etivit,. method WheD puapiq fresh water. 
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2. 

1 • IBTRODUCTIOIi 

iavieng is located on thertWol'th · Cape of the island of Bew Ireland, 

Papua lew Guinea (Plate 1) on a latitude 20 south • . !b.earea is nat and 

low-lying (less than 10 metres above S8& lavel) a.nd is iargely coyered by 

jungle aDd k1mai gr&88. The high rainfall, averaging 3172 mill per year, 

generally provides the _tel' supply for the town and neighboUring settle­

ments. Daring the dr.r seasons the vater supply is supplemented b,y .vells 

which provided bard but potable vater. !he danser of orpnic pollution 

trom the surface requires that wells be located away from habi tatiODS, and . . 

withdrawal of the Water IlUStbe carefully controlled to avoid contamination 

with salt water. 

At the request of the Geological Surve,y of Papua Bew Guinea a 

survey was carried out b7 the Bureau at Kineral Resources, Geology a: Geo­

physics (BMR). The purpoee of the surn, was to determine the distribution 

and thickness of the treshwater aquiter overlyi~ t~ salt vater. 

The survey W&8 carried out between 24 June and 3 July 1974 by a 

party consisting of B.B. Dolan, e.L. Borstall, and E.J. Polak. (geophysicists 

from the Engtneering Geophysics Group of BMI), R.B. Moana (a geophysicist 

from the GeolOgical Survey of Papua Bev Guinea), and seven tield hands 

provided by the Publio Works Department. 'opographical surveying V&8 done 

by the Department of LaMs, Surveys and Mines. 

2. GEOLOGY urn HYDROLOGY 

The geoloD of the area has been descn bed b7 Harria (1971). The 

Kavieng . area consists of raised old coral reefs interspersed with beds of 

coral limestone debris (the torereef faoiea) aDd lenses of clay (backreef 

facies) • The coral limestone and debris, called coronus, f01"ll8 a very 
- -:-:- . 

porous permeable horizon •. ' Soae of the ooronus and ooral reet material 

has been altered by recrystallisation at aragonite to calcite and some 

silicification, which has resulted in lower porosity and permeability. 



The surface of the coronus is irregular and occasionally crops out. 

'Usually, however, it is OTerlain by a resi4ual deposit of' red-brown ferrug-

inous clay :50-50 em thick. 

The :rainwater t'allillg on the land aiDka t)lrough easily to join the 

freshwater lena, as the beds aN characterised by high permeability. The 

water-table is raiaed .,87:7 little above the S88 level, and consequently the 

thiCkness of the treabwater lens is not .~ct~~ to be large. The fresh 

water tranls horizontally to the aea, but ita progress may be slowed down 

by a barrier of impervious reef'a, (recryBtailised and silicified). Where 

the line of reef aloDg the ahore is broken by erosion, freshwater escapes 

to the sea. 

. ,. IIIfJ[ODS AD 5UI!!!RT 

The resistivity method of prospecting relies on the resistivity 

contrast between different rook bodies close to the point of measurement. 

The resistivity of a rock or fiuid is expressed in ohm-metres. The resist-

ivity of a formation depends upon three t'aotors: 

1. The res is tivi ty of' the dry rock matrix. 

2. The resistivity of the fluid enclosed in the rock. 

,. The proportion of fluid in the rook. In rOcks below the 

vater-table the proportion ot fl131d is equal to the porosity 

of the rock. 

!hI rOliatiyi$y qC d£r roQk 
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In the dry state rocks have a very hish resistivity. If they contain I 
magnetite, pyrite, pyrrhotite, or graphite their resistivity will be lowered, 

but since these minerals aN alien to the rock types at Kavieng this effect 

may be ignored. 

I 
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Th' lIaiatiyitx ot tluida· 

The resistivity of a fluid depeDda on the amount aDd kind of salt 

dissolved in the fluid, aDd the temperature. At KavieDg the upper aquifer 

2+ __ 2+ I + BeG - 00 2- ,..-
contains Ca ,~ • a. ',. , aDd ",L in Yarious coacentraUons 

(Harris, 1974). !he lowwr aquUer contains aea vater and the salt is there-

fore mainly BaC1. The aa11 ftriatiou in teaperature of the water at 

XaVi8ng "Ould produce a ugl1&ible ettect Oil the reaistivity. AD estimate 

of the totald1aaolved solids (DS) giya u ita equivalent in parte per 

1I111ion (ppa) laCl can be obtained troll the resistivit,- of the formation 

water ping the ronula . of (hqod (,944) & 

.. -= 5OOO/c 

where By is the res1stirlty of the water in ohla-aletrea 

c is the salt ooncentration in ppm or laC1 equivalent. 

Arab1 I 'a to",']' 

!he Archie's fo1'llll1a (Arobie, 1942) states that at a given temperature, 

It .... ;FIs 

where it = formation resistivity in ob.-metrea 

llw- water resistivity in o~lIl8tres 

11 - cementation factor equal to about 1.3 for Xavieng lithology 

S _ water saturation; S _ 1 for formation below the vater-table 

p. • porosi tr . 

Assuming that the rock matrix of the aquifer is very hiSbly resistive, 

the resietivi tr of the rock: will depend on the resistivity of the fluid. Bence 

it is possible to predict the !DS from resistivity Dl8uurements providing the 

porosity of theaquiter dces not change couiclerably. 

DUring the aurve, tirect-current .easuriDg equipment was used (Plate 2) • 

.l. Bewlett-Packard regulated d.c. power supply, model 6220B, was used as the 

current source. '!he max:iIrum current available 1I'&S 1.3 amps &lid the maximum 

voltage 60 Yolts. High electrode resistance limited the current supplied to 



5. 

the groUDd to the order of 0.1 up; !he cU.rect current was reversed by a 

tranaistoriBed switch1Qg deY1ce built b.r BII. The frequency of the resultant 

square wave waa 0.2 Herts. 

The ground potent1al.8 were Ileasured thrOUBh tvo steel electrodes 

hammered into the gromul. 'lb.e spontaneous potential (s-p) in the ground 1fU 

oompensated tar b7 supplJin8 aD equal aDd oppo8i~ potential to the S-P from 

a battery-operated pot8llt1ometer. !bUll a sero read1Dg was obtained on the 

vol'taeter before the current W&8 sri tohed on. !he gr0un4 potential resu! tiD& 

from the current was -.asured with a Data Preoision Model 245 digital multi-

I 
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meter. !his inatraaent has an input impedence of 1000 melOhms and a resolution I 
of 100 moravol ts. 

Fl@ld nrgQ@durl. I 
The resistivity method oonsists of introduoing an electric current 

into the ground through two steel electrodes and measuring the resultant groundll 

potential thro1lgh tvo other electrodea. There are several possible spatial 

arrangements of eleotrodes in the field (Heiland. 1946). During the survey 

the Scblwaberger arrangement vas found moat conveDient ;22 of the probes vere 

I 
I 

done with this urangemsnt. and the remaiD1Dg three vi th the Venner arrangement. 

!he Sohluaber_ ........".....nt (Plate 2) COD81ate of tour electrode. I 
spaced along a line auch that the outside curren~ electrodes AB are equally I 
spaced about the centre at a distance froll1 the centre not less than 5 times 

that of the two inner potential electrodes XI. I 
The spacing J.B was increased from 2 metres to 600 metres in steps II 

vi th measurellents of the applied current "I" aDd potential difference ..,.tween 

the potential electrodea being made far eaoh value of spaoing AB. The spacing I 
HI of the potential electrodea was inoreased at intervale 80 that the potential 

difference was not too low to be read accurately_ . The current electrodes vere II 
watered with sea water to reduce the hish contact resistuce which limited the I 
input current. 

I 
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6. 

The alternative VeDDer arrangement consists of four electrodes 

equally spaced. 

In order to interpret the data the t apparent resiB tivi ty' which is a 

function of the ratio T/I and the geometr,y of the electrode arrangement vas 

computed tor each value ot AB. Por the SehllJlllbe!'ger arrangement, a 

(apparent resistiv1t,y) 

a _ .~ (Ai - Ii) I 
4 D , I 

It the Sohluaberaer &1"1"UI88IIeDt 18 \l8ed the apparent resistivity is 

plottect spinst 0/2 on log-log graph paper. Per 811&11 valus r tJt AB/2 the 

apparent resistivi t.r approaches the true res1ativi ty of the upper layer, and 

for large values of 0/2 it approaches the resistivit,y of the lower l.qer. 

It the Venner arr&J1I8Mnt 18 used the cl1stance . between adjacent electrodes 

is used tor plotting inJaace of AB/2. 

Plate' shoys a set of curvestrom Kavieng. A prelillinary examiDation 

ot these curves show that there are three la1ers present. 

'fhe top layer has a medium resistivity, the centre layer a high 

resistivity and the bottom la7er & very low resistivity. 

'fo find the thicknesses and the resistivities of the three layers 

from the depth probes the method of superposition of precalculated standard 

OUJ"I'es was used. The curves chosen were prepared by the COJIpagDie Generale de 

Geo~siqU8'(1955). 

Por the fOlU'-lqer curves (Plate 4) the method of ccnsecutive super­

posi tion ot tw~ and three-layer C1U'Y8S was used. !he standard curves are 

applied to the top ot the field curve and then the two upper layers are COD­

bined into a single layer of an average resistivity (HWIDI8l, 19'2), and the 

interpretation continued tor the deeper part ot the curve. 

The resistivities and thiCknesses obtained from the superposition of 

the curves were used to compute model curves which were used to check the 

accuracy of its interpretation. A Cyber 76 computer ani a program developed 

by Zohdy (pars. COJllll.) vere used. This procedure lessens the possibility of 

Significant errors. 



The errore in interpretation depend. on aany tactol'l!l: 

(i) field aeuureaente - the errore 1n fbld aeaeureJllent are coneidered 

to be Tery 21_11 in the cODd.iticme aet in Iavieng. The repeatability 

ot readings supportl this faot. 

(ii) the D\Dlber, thicDesS, ad relistirit)" of J.a7ere. In Kavieng the 

the reeietivi ty of the top lA7ft' vill haft the loweet accuracy ot 

detel'll1D&tion .. itl thictDeae is aot lutfioieDt to give an asymptotic 

approach to the Tal_ ot t1'\18 reaietiY1 tJ. fbie is shown bT the gradual 

iner ..... or resi.t1vit7 with depth in the tirlt part ot the curve. !he 

second lqer is pneral17 thick enoq!l tor ite res is tivi tJ to be reliabl,. 

deterlliDed. '!lie ruiativit}' ot the bottoa layer is very accuratel7 

deteraiae4 as the oontrut or reeietivi ties ie very h.1ch. !his loW' 

resistivity is pIleral17 not disturbed bT the preSenoe ot a deeper bed. 

Por the reaaoas liveD abaTe, the depth to the second layer is less 

aocurately deteraine4 thaD the depth to the third layer vi th the three-layer . 
curvee. With the tour-layar curYes, which are or double descending type, the 
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accuracy to the third layer will also be lover. . • 

Itil considered that.' the error in interpretation ie lese than 10 perce' 

ot the value ot resistivity and depth. I 
4. USULTS I 

the three 

I (.ndrev 8: 

Twenty-tive depth probes were cOllplete4during the s~e7. 

Wenner probee were cODTerted to . equivalent Schlumberpr a.rraDgemnt 

WiebeDga, 1965) tor urd.tol'llli ty ot presentation ot curves. I 
The location of all depth probes is ahcnm in Plate 1. The dietance 

AB between current electrodes is indioated by the length ot the symbol on the I 
plate. The .orientation ot the 811Ibol ahovs the direction in which the 1Il0vementl 

were done. 

I 
I 



I 7a. 

Zalal. 2 - IURl1reil.:liism At :lila. :l:llia:liivi:liz dll1:1ib ;gm:baa. 

I Depth Surface fop lqer Seoond layer !lrl.rd ~er Fourth Elevation of Probe Blr:ation Layer 

I Buaber m} R1~Ohll~ h1~.} ~ ~ ~ ~ 14 salt vater m 

1 ".7 eo 1.0 210 ".5 1.8 -9.8 

I + 2 7.05 120 1.0 1000 ".5 150 1.,.,5 6 --6.4 
+ ., 5 • .,5 .,00 0.8 600 8.8 140 ' 16.8 4 -11.5 

I +' 4 4.10 40 1.0 1000 .,.0 120 14.0 ., -9.9 

5 2.70 35 1.0, 140 11~" 1'.75 -14.6 

I 6 5.65 240 1.1 6000 , . ., 200 12.5 2.0 -6.9 

7 5.75 55 0.8 240 14.0 1~8 -8 • ., 

I 
8 6.29 25 1.0 1000 4,5 70 35 high 

9 4.05 220 1.0 1200 4.8 1.8 -0.8 

10 '20 0.8 75Q 8.0 4.0 

I 11 8.55 270 1.0 5000 4.8 100 15.0 2.0 -6.4 
12 4.65 .,50 0.7 3000 4." 2 .4 

I 1., ".65 100' 0.5 1500 5.0 100 16.0 2.0 -13.4 
14 5.55 120 1.0 230 4.7 120 ' 6.3 2.4 .8 -

I • 15 1.66 90 1.8, 20 12 2 -10.4 
16 ,.60 80 ~ 240 l' 2.1 -9.4 

I 
17 2.65 420 4.0 40 4.5, 150 18~0 ., -15.4 
18 4.85 30 1.4 ' 1000 2.0 100 16.0 4 -11.2 

• 19 2.95 150 0.7 . 700 2.5 .· 100 1.,.0 2 -10.1 

I 20 6.50 65 0.7 ,,00 2.1 100 10'.1 2· -,.6 

• 21 1.45 60 2.0 40 16.0 1.0 -14.6 

I 22 4.60 50 0.8 2000 1.7 60 21 2 -16.4 

23 .,.65 90 1.0 , 600 2 • ., . 100 12 1.8 -8.4 

I 24 2.'5 460 1.5 40 2.0 170 18.5 2 -16.2 

25 ".11 .,60 1.0 40 2.0 150 17.0 2 -1'.9 

I • These depth probea show a large depth to salt water even though they are close 

to the shoreline. Thia is oODSidered to be due to aixing of salt. and tresh vater 

I and the possible &DBle of the tre.hvater/saltwater interface near the shoreline. 

+ Are Venner contigu:ratioD8 that have been converted to Sahlumberpr equivalenta. 

I 
I 
I 
I 



8. 

The IltDlber in 'brackets shOlfD on all but depth probes No.8 aDd 10, 

gives the depth to the.e.i~ __ ~~.~ in aetres. An allowance should 

be _de tor about 10J& error ill 1l8iDg the data. 10 surtace elevation was 

aT8.ilable tor depth probe 50.10 aDd, depth probe Bo.8 is a special case that . ;.. 

is 4iaauaaed later. !her. are tDeutti01eat probes to satistaotori1y contour 

the '8al:t~''''''horizOD, 'but an iupeotlon ot the f1.gves shows aD irregular 

surface geaeral17 deeper tonrda: the centre of the peDiDsula as would be 

expected. 

'l'he interpretation ot the resu1 te wae done by su~~~ tion of field 
I: . 

curves on the standard o1ll"Y8e published in the atlas of curves (Compagnie 

Generale de Geophyaiq'U8, 1955). fable 1 liets the tiDal interpretation of 

the depth probes, 

The results obta1Ded tro. the superposition were checked by use of 
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the Zohdy oomputer progr&ll and a prograa developed by the ED«ineering Geophysil 

group of BMR tor a VaDg 600 desk calculator. Where the differences were small 

(within 0.5 m) the interpretation was accepted as correct; otherwise the depth II 
probe wu reinterpreted. SOIle exuples of depth probes are shown in Plates 

1n Kavieng, where a sufficient thickness of uniform coronus exists 

the vertical distribution of resistivity can generally be represented by a 

three~layer model. 

N'AJ'=fnvf)Q' luer - moist mb:ture ot red soil,h1DllU8, and oorolmS. 

The content of moisture increases with the depth, resulting in a gradual 

inorease in resistiv1t,v. This taot makes an aocurate determination ot depth 

to the water-table iJapOssible. The resistiftty' varies froll tens to hundreds 

of ohm-metres. 

BesoM laJV -ccms1ata of ooronu saturated with tresh water. 

Resistivity will gene1'&117 vary in a narrow range depending on the change in 

the quality of water, it other conditioDS stated in Archie's formula do not 

cluulge. Lar .. variations in the resistiTit7 of this layer are probably the 

reeul t of ae~eil'ijttl~i~" of the reefs. 
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9. 

Third lUg - oOD81ete of OorGnue tully saturated wi tn. sea water 

with a ree1ati'Yity ot about 0.3 oha-a. Ueing ~ob1e'e formula and 88alllll1ng 

a formation factor at 1.3, a porosity of 29 percent would be obtained for 8 

formation at 1.5 o~m re.i.tiriqr azul 23 peroent -for a formation of 2 ohm-me 

The bolDldar1 between the . • eoo114 aDd third layer 18 very sharp as is 

also shan by resis ti vi ty logs in coutsl areas iJlcl uding logging in Madeng 

(Dolan. Horsfall ct: 2U,a--, in prep.). 

IJl the seccmd. aDd third la:yers there may exist lenses of cl~y aDd 

nddy uter1&1 which give a non-UD1fol'll surface to the fresh-water/aalt-water 

boUlldary and affect the resistivity curve, .. Hag interpretation aore difficult. 

Table 1 indicates that the resistivity of the second. layer NilgeS trom 

200hm-m (prObe 10.15) to 6000 ohm-m (probe lIo.6). Harris (,97,) gives a 

solids content between 100 and 800 ppm for Kavieng water. !he use of the G~od 

tormula gives a resistivity for the water (conta1niDg moatly salts othern than 

NaCl) of 12 tot' 100 obJD-m. Uso by the use of Archie's foraula a f01"ll&tion 

resistiviqr of 70 to 700 oluD-ll is obtained provid1Dg that the porosity of the 

coroDUS is between 23 &Ild 29 percent. A deo1'8ase in porosity will be indicated 

by higher formatioJl resistivity. Values lower than 70 ohm-m indicate either 

water with sal.' content in excess of 800 PPI or a clayey f~tion. 

. Plate, shon three depth probee; 10.15 shOD a aecoM-layer resistivity 

of only 20 ohm-m; depth probe Bo.5 sholl'S rock: containing good water, aDd depth 

pro be Bo .1:2 indica tee rook of 1011' porosity. Hos t of the depth probes in 'fable 

1 can now be groUped into the three aboYe types. 

(,) Second layer of low resistivity: lIos~ 15 and 21. 

(2) Seoond layer resistivity 70 to 1000 ohm-m: Nos: 1, 2, 3, 4, 5, 

7, 8, 10, 14, 16, 18, 19, 22, 23. 

(,) Second layer resistivity more than 1000 o~m: 

Nos.(· 4, 6, 9, 11, 12~ 13, 20. 

Some of the depth probes do not fall into any of these groups and 

examples 01' these are sh~ tD Plate 4. 



10. 

Depth probe Ho.8 IIhon a th1r4 l.aJer at 70 ohm-m bu.t no evidence 

of the salt-water bouD4al7. !his becl IIN8t be at low permeability. The 

fourth layer at,. It is at TfIrT hicb ree:l8t1nty and !lUst, be bedrock. The 

area JIlU8t be quite 4Uferent polosioall1 fl"oia other areu probe!, aDd wou),d 

be 1DlSU1table. tor dfrYelopi8Jl't of • water bore. 

Depth probes 17, 24, ~"'" 25 show a relative11 hip-res1stirtt;r first 

lqer followed by a low-resi8tivlty secoM lqer, oyerlyiJ2g the very low 

I 
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res1st1T1ty ealt-water la,er. !he res1sUnq. pattern of the first two layers I 
is exceptional ·SDd as ~e probes are in the one area the,. m&J represeDt 

·different ellViiVJiMDtal coll4itiou which JUq aleo be reflected in the Kunai I 
grass cover of the area. In all p-obabllitJ the _00114 layer represents clay I 
and its permeabUity is low, resulting in the marsh7 conditione. 

Plate 5 shows a set of theoretical three-layer curves with the second I 
layer of resistivity 200 o~. over1Jing the salt-vater layer of 2 obs-m 

resistivity. 'BT pumpiDg fresh water the thickness of the second layer decreasel 

and the carves show the etfect of ft1'71Dg this thiokDess in steps at 2 m. The I 
shape of the depth ~;. 1D41cates that the rate of pumping ~ the rise of 

the salt-water horison can be checked by resistivity depth probing. 

5. QQlCLYSIOIS AND gCOMMEllDATIOBS 

Cgpql»ioMi 

I 
I 

( 1) In the KavieDg area the freshwater layer is sbown on the resisti vi J 
depth probes as a mad ... with the resistivity between 70 and 1000 I 
ohm-me 

(2) The freshwater/saltwater boundar,y varies from near surface to aboutl 

16 aetres below the surface. It is irregular aDd generall,. deeper 

towards the centre of the peninsula as ' would be expected. I 
(,) The salt-water l.,.ershows an apparent resistivity of about 2 ohm-m

l (4) The area south of the airport (depth probes 17, 24, 25) shows 

different resistivity features. A layer of low resistivity 09'erliel 

the aquifer, an4 since It is probably due to clq it mq reduce 

recharp in this area. I 
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11. 

(5) 'lbe developaeat of the water sup})l.7 IIlUSt take the form of water 

sk1n1ng. !he ak1mw1ng mq be controlled by resistivity depth 

pro biDg tl'OII tile eurtaoe. 

( 1) Drill1Dg should be done on several types of depth pro bea. The 

borea ehould be pologically logged and the resistivity of water 

at different leY8la should be measured. 

(2) The surface positions of the reefa should be mapped and the bores 

should be placed on ooronus rather than reefs which may be less 

permeable. Localities ,where the reets are eroded through should 

also be aToided. 
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