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INTERPRETATION PROBLEMS OF ELECTRIC SOUNDING
AND PROFILING IN REGIONS OF COMPLICATED
GEOLOGY AND RUGGED TERRAIN

Alfred FRASHERI*

Electric soundings in zones of complicated geology and rugged terrain (e.g. in the folded
mountainous belt of the Albanids), have shown the existence of electric field scattering. The lateral
changes of resistivity, the limited extension of geologic structures, the existence of several structures
close to each other, and rugged terrain are characteristic features of this complicated geoelectrical
medium.

Electric field scattering distorts the apparent resistivity values; if the apparent resistivity curves
were interpreted without regard to the above phenomena and without performing correction for their
effect, an unreliable view would be taken. Therefore the electric field scattering of the direct current
was studied in a heterogeneous medium with curved boundaries and in rugged terrain. Potential
response was computed with the aid of the quasi-harmonic equation (two- and three-dimensional)
for boundary conditions of Neumann type. To solve the quasi-harmonic equation in a trapezoidal
zone, in the lower half-space it was replaced by the corresponding variational problem, which can
be solved by the finite-element method, giving an approximate representation of the electric field
scattering. We have developed two computer programs in Fortran programming language for 2-D
and 3-D modelling.

Results of some geoelectric models are given. In these models the electrical soundings are
taken over the interface of different types of rocks and flexures, or above horsts and grabens. The
programs are also used to correct different effects, including terrain effects.
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1. Introduction

The widespread use of shallow electric soundings for engineering studies
and in mineral prospecting and the use of deep electrical soundings in the search
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for oil and gas, have brought forth some problems related to the interpretation
of the electric soundings in cases of complicated geology and rugged terrain in
some regions of Albania. The experience gained and the theoretical analysis of
the phenomena observed create possibilities for their solution and the over-
coming of their influence.

Electric soundings are interpreted by comparing them with theoretical
models of simplified geoelectrical sections (horizontal, sometimes inclined
layers which are always flatand have infinite extent, without horizontal changes
of the resistivity). In practice the use of electric sounding involves a number of
aspects related to the surface geology and terrain:

— the relief is rugged in many areas;

— lateral (abrupt or gradual) changes of resistivity exist due to the
presence of different types of rocks. The contact between them may
be outcropped or may be covered by overburden;

— the geological structures have smaller extent than their depth, so the
geoelectric boundaries are limited;

— various types of geological structures are often situated close to each
other, at the same or different depths.

The above mentioned factors influence the scattering of the electric field

and consequently the values of the apparent resistivity measured during the
electric soundings.

2. Terrain effect in resistivity surveys

Rugged terrain causes deformations on the sounding and the resistivity
profiles [DAHNOV 1953, KOEFOED 1979, FRASHERI et al. 1984] due to the
changes of the subsurface current distribution. For example when the current
line configuration is perpendicularto the strike ofa crest, the apparent resistivity
at first begins to decrease, because of the decrease of the current density in the
region where the potential electrodes are placed. The opposite is the case when
the centre of the sounding is located over a valley. A more complicated
influence appears on the resistivity curve when the centre of the sounding is
located overthe foot, oracrest, or over the side ofa valley. If these deformations
are not taken into consideration they may lead to a wrong interpretation.
Evaluation of terrain effects can be made in two ways: firstly, taking into
consideration not only the sounding to be interpreted but the neighbouring
curves as well. At the same time information about the resistivity of the
outcropped rocks in the sounding area must be provided. Secondly, correction
of apparent resistivity with respect to the terrain effects is carried out.

For terrain correction we use the finite-element method to solve numeri-
cally the Laplace’s equation in order to study the electric field behavior in a
heterogeneous medium with curved boundaries of any configuration (Fig. 1).
The finite-element modelling procedures are treated mathematically in several



Interpretation problems ofelectric sounding... 57

Fig. 1 Three-layer geoelectric model for finite-element method to compute two-dimensional
terrain correction
1 abra. Haromréteges geoelektromos modell kétdimenzids terrén korrekcié szamitasahoz

Puc. 1 iByxMepHas Tpexc/oliHas reo3nekTpuyeckas Mofenb 418 pacyeTa NonpaBKu 3a
BNUsIHUE penbedda METOAOM KOHEUHbIX 3/1EMEHTOB

publications [e.g. HOLCOMBE, JIRACEK 1984, FOX et al. 1980 or PRTOMORE
etal. 1981]. For the calculation ofterraineffectalong two-dimensional structure
aspecial algorithm was used, the mathematical elements of which are presented
in earlier works of the author [FRASHERI 1987, FRASHERI et al. 1984].

In accordance with this algorithm a program, ELTRON-3, in Fortran-77
programming language was developed. This algorithm is different from those
ofmany other authors [FOX et al. 1980, HOLCOMBE, JIRACEK 1984, MUNDRY
1984, SCRIBA 1981, PRTOMORE et al. 1981, GYIMESI, SIMON 1989]. We use
the ordinary variational problem for elliptic differential equations as described
by AMES [1977] and ZENKIEWICZ [1977]. During the tests carried out on a
BULL DPS7 computer with models consisting of a thousand nodes, the
computer time ranged from 5 minutes (for profiling) to 30 minutes (for
soundings). Correction of the terrain effects [FRASHERI et al. 1984] and
construction of synthetic curves of the apparent resistivity with arbitrarily
curved layer boundaries forboth sounding and profiling [FRASHERI 1987] were
performed by this program.

In Fig. 2 the correction of the terrain effects is presented when the relief
is broken by a crest and a valley; the geological section has two half-layers
divided by a vertical plane. Apparent resistivities, measured with fixed-source
gradient and Schlumberger arrays, present minima over the crest and maxima
in the valley, accompanied by smaller anomalies on both sides. After terrain
correction, the profiles of the apparent resistivity assume their normal view.
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Fig. 2. Terrain corrections of resistivity profiling over a vertical contact, computed with
ELTRON-3 program, a—fixed-source gradient array (MN=Ax=1/50 AB); b—on-line
Schlumberger array (AB=6x=6 MN) 1—corrected curve; 2 —curve with terrain effects
2. dbra. Az ELTRON-3 programmal szamitott terrén korrekcid értékek fliggéleges hatarfeltlet
feletti ellenallas szelvényezéshez, a—gradiens elrendezés (MN=Ax=1/50 AB); b—Schlumberger
elrendezés (AB=6x=6 MN) 1—Kkorrigalt gorbe; 2— terrén hatéast tartalmazé gorbe
Puc. 2. MonpaBKa AaHHbIX 31eKTPUYECKOro NpouANpoBaHma Haf BepTUKanbHbIM
KOHTaKTOM, pacyMTaHHas nporpammoit ELTRON-3. a—no ycTaHOBKE CPefuHHbIX
rpagneHToB Nnpu MN=Ax=Vso AB; b—ans cummeTpruUHOW ycTaHOBKM AB=6[1x=6 MN
1—nonpaBneHHbIN rpagnK; 2—CXOAHbIN rpadnk ¢ BAUAHWEM penbeda

In Fig. 3 synthetic AMNB soundings carried out on a mountain crest and
over a valley formed in homogeneous half-space are presented. For the
soundings carried out over the valley or on the top of the crest, curves with
similar appearance to the two-layer curves are obtained, the right flanks
ascending and descending respectively. The interpretation ofthese curves may
lead to a fictious two-layer section. When the soundings are carried out at the
border ofthe crest or the valley, the curves have other three-layer configurations
of the types K and H, respectively.
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Fig. 3. Synthetic AMNB sounding curves over an isotropic homogeneous medium. Array parallel
to the profile. ES1—in a valley; ES2—on the margin of a valley; ES3—at the top of a crest;
ES4—on the margin of a crest
3. abra. Szintetikus AMNB szondazasi gérbe izotrép homogén kozeg felett. A terités
parhuzamos a szelvénnyel. ESl—egy volgyben; ES2—egy volgy szegélyén; ES3—egy
hegygerinc tetején; ES4—egy gerinc szegélyén
Puc. 3. TeopeTnyeckue KpuBble BO3 Haj 0g4HOPOAHOM M30TPONHON cpefoii. Touka
ESl—pa3melyeHa B gonuHe; ES2—Ha kpae fonuHbl; ES3—Ha xpe6Te; ES4—Ha Kpae xpebTa

In Fig. 4 apparent resistivity profiles of the fixed-source gradient array are
presented over a section with 80 m level difference. Profile ‘I" is calculated in
an analytical way with the above mentioned algorithm; profile ‘2’ gained
through physical modelling with electrical conductive paper is given for
comparison. The shapes of these profiles are similar, although the absolute
values of the apparent resistivity are different because the physical modelling
does not possess the same conductivity as the mathematical model. The profiles
reveal that the hills and the valleys cause anomalies of the apparent resistivity
which amounts to some thousand ohmm above a medium of 1000 £Im
resistivity.

In all cases shown above, in the 2-D geoelectrical models the current
sources A and B are point sources. All the soundings and the profilings are
carried out parallel with the profile drawn in the figures.
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Fig. 4. Comparison of apparent resistivity profiles based on mathematical and physical
modelling. Fixed source gradient array. 1—mathematical modelling; 2—physical modelling

4. dbra. Matematikai és fizikai modellezésen alapulé latszélagos ellenallas szelvényezés
0sszehasonlitdsa. 1—matematikai modellezés; 2—fizikai modellezés
Puc. 4. ConoctaBneHuve rpaduKoB, NoMyYeHHbIX N0 JaHHbIM MaTeMaTU4ecKoro u
(h31MYECKOro MOAENINPOBAHUS, 4151 CXEMbI CPEAVHHbIX FPaANeHTOB. 1—0 AaHHbIM
MaTeMaTU4ecKoro MOAENPOBaHUS; 2—F0 AaHHbIM (HU3NYECKOT0 MOAENNPOBAHMNSA

3. Influence of buried and outcropped boundaries

Interfaces between rocks with different resistivity (forexample limestones,
flysch or halitic deposits in Albania) influence the scattering ofthe electric field,;
as a consequence the measured resistivity curve is deformed. The effect of
outcropped, vertical contact was analysed by well-known authors [e.g. DAH-
NOoV 1953]. Nomograms were constructed to correct the contact effect, when
the position and the reflection coefficient of the contact are known. Evaluation
of this influence is especially indispensable in the neighbourhood of resistive
salt diapirs in Albania.

In Fig. 5 a sounding observed near a salt diapir (1) is presented together
with the corrected curve (2) for the influence of the vertical contact of the salts.
The sounding is situated over flysch deposits with a resistivity ofabout 20 ilm,
covered by alluviums. The contact caused an increase in the resistivity of the
second electric layer (flysch) to 50 fim and at the same time there are signs of
a nonexistant third layer of high resistivity. After correction, these false
phenomena could be avoided.

The study of the influence of more complicated boundary was possible by
the ELTRON-3 program for 2-D models and ELTRONHA for 3-D models
[FRASHERI 1987]. In Fig. 6 electric soundings are presented over two-layer
models with a buried vertical contact. Interpreting the curves deformed by the
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Fig. 5. Deformation of the apparent resistivity curve from the vertical contact and correction
1—uncorrected; 2—corrected
5. abra. Latszdlagos ellenallas gorbe fliggbleges hatarfeltilet altal okozott torzulasa, és korrekcio
1—nem korrigalt gérbe; 2—korrigalt gérbe
Puc. 5. HabntofeHHble UCKaXeHHble 1 MoMnpaB/ieHHble KPUBbIe NPV HANMYUN BepPTUKaIbHOIO
KOHTaKTa 1—HabnogeHHas KpuBas; 2—fonpasneHHas KpvBas

Fig. 6. Effect of a buried vertical contact. 1—sounding curves modelled with ELTRONHA
program; 2—interpreted (false) boundary without the influence of vertical contact
6. dbra. Eltemetett figg6leges hatarfeltlet hatdsa. 1—az ELTRONHA programmal modellezett
szondazasi gorbe; 2—értelmezett (hamis) hatarfelilet a fligg6leges érintkezés hatasa nélkul
Puc. 6. BnnsiHue gnekcypbl. 1—kpuas B33, pacumMtaHHaa no nporpamMme ELTRONHA;
2—N0XHbI re03NeKTPUYECKNI TOPU3OHT, NOMTYYEHHbIW NP NHTepnpeTaLun
Hernonpas/IeHHOW KpUBOIA
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influence of the contact, the top of the basement is defined as being at a
shallower depth than it really is. The impression ofthe existence ofaright-hand
structural flank is also created.

From the results of this modelling it can be concluded that precise
determination of the thickness of the first layer can be carried out only when
this thickness (i.e. the basement depth) is at least ten times smaller than the
sounding distance from the vertical contact. For smaller distances the effect is
notnegliglible and the curves need to be corrected. In order to do this, we should
previously know the position of the near-vertical contact. The presence of the
vertical (even buried) contact of high resistivity causes a more distinct increase
of the apparent resistivity in the right flank of the curve than in the case of
horizontal layers. This peculiarity creates the possibility of detecting (in some
cases) the vertical contact of high resistivity.

4. Influence of lateral resistivity changes in the geoelectrical horizons

Geophysical prospecting has revealed that there are facial changes, which
insome regions of Albania are accompanied by great lateral resistivity changes.
For example, the calcareous core of an anticline with limited (as small as
1-2 km) dimensions and the terrigenous deposits around it represents an
extraordinarily great lateral change in the layer resistivity.

In order to study the influence of the lateral change of the layer resistivity
for this type of anticline, we modelled — exploiting the ELTRON-3 program
— the case when the structure is slightly wider than its depth (see Fig. 7).
Analysing the calculated curves, itis obvious thatthe side effects of the resistive
basement is felt even at long distances from the edge of the hérst, and it is
expressed by an increase in the apparent resistivity.

Two-layer curves of the apparent resistivity do not have regular configu-
ration, they are much more similiar to the curves of inclined layers with
considerable dip angle to the side vertical contact. If the electric soundings are
carried out with a shorter array than is needed for the whole curve, only the
beginning of the upward left flank will be obtained. Observing these short
curves it can be supposed that the top of the limestone becomes deeper the
further it is from the horst centre, belonging to a wide anticlinal structure. Over
structures that have comparable dimensions and layering depth, the apparent
resistivity is reduced as a consequence of current deviation because the electric
current flows alongside the structure. This causes the top of the structure to
appear as if it is at a greater depth than it really is.

Sounding carried out in grabens filled with conductive overburden and
bordered by rocks of high resistivity (e.g. limestone), displays a deformed curve
as well, when the width of the graben is smaller then the length of the electrical
sounding array. To avoid the influence of the above analysed phenomenon and
the misleading interpretation the following measures should be taken:
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Fig. 7. Apparent resistivity curves placed across a hérst. 1—synthetic curves computed with
ELTRON-3 program; 2—analytical curves that fit to the synthetic curves; 3—analytical curve
assuming the horst to be horizontally infinite; 4—geoelectric horizon after interpretation which

does not consider the horst limited in the horizontal direction
7. dbra. Latszolagos ellenallas gorbék egy sasbércen keresztil. 1—az ELTRON-3 programmal
szamitott szintetikus gorbék; 2—a szintetikus gorbére illesztendd analitikus gorbék;
3—analitikus gorbék a sasbérc oldalirany( végtelen kiterjedését feltételezve; 4— geoelektromos
szint értelmezés utan, nem véve figyelembe a sasbérc korlatozott oldaliranyu kiterjedését

Puc. 7. Kpusble B33 no npodusto, pacnonoXeHHOMY BKpPecT ropcta.l—CuHTeTUYeCcKne

KpuBble, pacynTaHHble no nporpamme ELTRON-3; 2—TeopeTuyeckne Kpusble,
coBMajalLLme ¢ CUHTETUYECKUMU; 3—TeopeTMUecKne KpuBble NPU Fropu3oHTaIbHOM

NOM0XXEHNW KPOBAN 6ECKOHEYHOT0 ropcta; 4—J10XHbIli re03NeKTPUYECKNA FOPU3OHT,
NONy4YeHHbIN NpU MHTepnpeTauuy 6e3 yyeTa BANSHUA OrpaHUYeHHOCTU ropcTa B 60KOBOM

HanpaBfeHUm

— field and regular surveys should be carried out, to detect as clearly
and surely as possible the structures. When interpreting the sound-
ings, structures may turn out to be different in form and dimensions
from the surrounding structures and may not correspond to the
recognized tectonics of the region. In such cases the side effects of
the soundings should be thoroughly studied;
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—study of the structural form should be carried out together with a
study of the lateral resistivity changes in the layers constituting the
section over the geoelectric horizon as well as the horizon itself;

— sounding should be carried out with long array, so that the sounding
curve to be as complete as possible; this allows us to carry out some
sort of classification of the distortion effects;

— interpretation of the curves carried out in the regions of complicated
geology should not be carried out solely by comparing the theoreti-
cal models for horizontal layers. Interpretation should begin with a
comparison of the curve of the parametric soundings on boreholes
with the synthetic curves calculated from the data of electrical well
logging. These synthetic curves should be computed for simple
models with horizontal layers as well as for the supposed geoelec-
trical structures in the region applying the ELTRON-3 program.

5. Conclusions

The apparent resistivity values measured during electric soundings in
geologically disturbed (tectonized, folded, mountainous) zones reveal the
influence of lateral contacts, gradual lateral changes of resistivity, and of the
rugged terrain. The influences can add up to 50% of the resistivity values. Hence
the curves of the electrical sounding are deformed, thereby influencing the
geoelectrical interpretation as well. To analyse the above mentioned effects it
is necessary to implementaregular grid ofsoundings and it is advisable to keep
the length of the arrays sufficiently long. Correction of the apparent resistivity
values is needed. The finite-element method is suitable for computing the
apparent resistivity of soundings or profilings in a heterogeneous environment.
The programs ELTRON-3 for 2-D models and ELTRONHA for 3-D models
can be utilized for this purpose. These models are of great value for qualitative
interpretation.

To avoid the terrain effects, the effects of the buried vertical contact, and
the lateral structures parallel to the array, it is essential to use 3-D finite-element
modelling.
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ELEKTROMOS SZONDAZAS ES SZELVENYEZES ERTELMEZESI
PROBLEMAI BONYOLULT FOLDTANI SZERKEZTU ES EGYENETLEN
FELSZINU TERULETEKEN

Alfred FRASHERI

Komplikalt geoldégiaju és egyenetlen felszinG terileteken (pl. Albanidak gy(irt hegylancai)
végzett elektromos szondéazasok az elektromos tér sz6rédasat mutattak. A bonyolult geoelektromos
kdzeg jellemz6i az ellenéllas oldaliranyd valtozésai, a geoldgiai szerkezetek véges kiterjedése,
szamos, egymashoz kozel fekvé szerkezet és az egyenetlen felszin.

Mivel az elektromostér sz6rédéasa torzitja a latszélagos ellenallas értékeket, az ellenallas gorbék
kiértékelése e jelenség figyelembevétele és hatasainak korrigaldsa nélkiil megbizhatatlan kép
kialakuldsahoz vezethet. Ezért egyenaram elektromos terének szérédasat vizsgaltuk heterogén
kdzegben, torott hatarfeluletek és egyenetlen terepviszonyok mellett. A potenciél valaszokat kvazi-
harmonikus potencialegyenlet (két- és haromdimenziés) segitségével hataroztuk meg, Neumann-
féle hatarfeltételek figyelembevételével. A kvaziharmonikus egyenlet trapezoid alakzatra val6
megoldéasdhoz az alsé féltérben a megfelel§ variaciés problémaval helyettesitettiik azt. igy a véges
elemes modszerrel el6allithaté a megoldas, az elektromos tér szérédasédnak egy kozelitd leirdsat
biztositva. Két szamitdgépes programot készitettiink Fortran nyelven, kétdimenziés és haromdimen-
zi6és modellezéshez.

Bemutatjuk néhany geoelektromos modell eredményét. A modellekben az elektromos szon-
dazasokat kiilonboz6 tipust kézetek hatarfeliiletei, vagy sasbércek és arkok folé helyeztuk. A
programok kiilénb6z6 hatasok korrekcidinak végrehajtasara is szolgalnak, beleértve a terrén kor-
rekciot is.
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MPOBJIEMblI MHTEPIMPETALNWN OAHHbBIX SNTIEKTPUYECKOI O
3OHANPOBAHNA N MPODPUTTMPOBAHNA HA YYACTKAX,
XAPAKTEPUN3YHOWWNXCA C/ZTOXKHBIM TEO/TIOT'MYECKNM CTPOEHVEM
N HEPOBHOCTbLIO PEJ/IbE®A

Anbhpes PPALLUEPA

BepTuKa/ibHble 3/1eKTPUYECKUE 30HAMPOBAHUS, MPOBefeHHbIE B FOPHbLIX paiioHax npu
CMIOXHOM reo/IorMYeckoM CTPOeHUU (Kak CKnagyatblii nosic An6aHuu), NoKasanu CUIbHO
MCKaXEHHOe TeosiorMyeckoe nose. XapakTepHbIMU O0COGEHHOCTAMU TaKol Feonoruyeckoii
cpeAbl ABAAITCA: 60KOBble W3MeHEHUS YAeNbHOro 3MeKTPUYECKOr0 COMPOTUBIEHUS,
OrpaHuyeHHble pasMepbl FeoNorMYecKnx O06BLEKTOB, HaNMUMe HECKONbKUX CTPYKTYPHbIX
3/1EMEHTOB APYT Haj APYrOM U ropHbIi penbed.

AHOMa/bHOe pacnpefeseHue 31eKTPUUECKOro Mons UCKaXaeT 3HaueHue Kaxylierocs
conpoTuBneHus. TpaguuuoHHas o6paboTKa KpuBbix B33 6e3 yuyeTa BAUSHUS Bbllle
OTMEUYEHHbIX 0CO6EHHOCTEel NPUBOAUT K JOXHOW WHTepnpeTauuu fAaHHbIX. [103TOMY
usy4yanocb pacnpefeneHve Mofis MOCTOSTHHOrO ToKa B HEOLHOPOAHOW cpefe C KpUBbIMM
rpaHuuaMun pasjgena B yc/0BUSIX FOPHOTO pefbeda.

MoTeHUMan 3NeKTPUYECKOTro MOS BbIYUCAANCA ANS ABYXMEPHbIX WM TPeXMepHbIX
MOZenei nyTem pelleHNs KBa3u-rapMoHUYecKoro ypaBHeHUs ¢ rpaHnYHbIMY YCI0BUSIMUY TUNA
HalimaHa. PelleHue KBa3W-rapMOHMYECKOro YpaBHeHWs [ANs Tpane3oujanbHoOil 30HbI B
HUXHEM NoynpocTpaHCTBe 6bI10 3aMellLaHo BapuaLMoHHoO Npo6aemoii, KoTopas pellanach
MeTOAOM KOHEUYHbIX 3/1IEMEHTOB, JAlOLIMM NPUGINXKEHHOE NpejcTaBfeHUe 0 pacnpejeneHum
3/IeKTPUYECKOro nofs. [ns pacyeToB COCTaB/eHbl 4Be MporpaMmbl Ha A3bike ®opTpaH Ans
[BYX- U TPEXMEPHbIX MOJeNell COOTBETCTBEHHO.

MokasaHbl pe3y/ibTaTbl PAcUeTOB ANt HEKOTOPbIX Fe03IEKTPUYECKMX MOAenei. PacueTbl
BbINO/IHEHbI [15 BEPTUKANbHOTO 3MeKTPUYECKOr0o 30HAMPOBaHUA Ha MOBEPXHOCTH
NoNynpocTpaHCTBa C KPWMBbLIMW TpaHULaMy pasfena TWMa KOHTAKTa reos0rMyecKunx
o6paszoBaHunii, hrekcypbl, Hag ropcToM U rpabeHoM. 3TU XXe MPorpammbl Gbiv NPUMEHEHbI
AN19 BbIYUCNEHUS NONPABKM 3a pasHble BUSHUS, BKSAYaAsA U BAUSIHWE penbeda MecTHOCTH.
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GROUND-WATER PROSPECTING
and
ENVIRONMENTAL PROTECTION

The most often occurring demands:

local geophysical measurements for the
water supply of small communities by a
few wells

regional geophysical mapping to deter-
mine hydrological conditions for irriga-
tion, regional agricultural development,
large-scale exploration for the water
supply of towns, extended areas i.e. re-
gional waterworks,

determination of bank storage of river ter-
races, planning of bank filtered well sys-
tems,

thermal water exploration for use as an
energy source, agricultural use or com-
munity utilization,

cold and warm karst water prospecting,

water engineering problems, water con-
struction works

Field work with ELGI's 24-channel
portable seismograph

The Maxi-Probe electromagnetic sounding and mapping

system - produced under licence by Geoprobe Ltd. Cana-

da - is an ideal tool for shallow depths, especially in areas
where seismic results are poor or unobtainable

ELGI has a vastexperience in solving problems ofenviron-

mental protection such as control of surface waters, reser-

voir construction, industrial and communal waste dis

posai protection of surface and ground water etc. ELGI's

penetrologgerprovides in situ information - up to a maxi-

mum depth 0f30 m-on the strength, sandlshale ratio and
density without costly drilling.

ELGI offers contracts with co-operat-
ing partners to participate in the whole
complex process of exploration-
drilling-production.

For further information ask for our
booklets on instruments and applica-
tions. Let us know your problem and we
will select the appropriate method and
the best instrument for your purpose.

Our address: ELGI FOB 35. Budapest,

H-1440. HUNGARY
Telex: 22-6194 elgi h
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SSOCIATES 6EQPHYSICAL LTD.

79-81 Windsor Walk. Luton. Beds England LUL 5DP Tel (0582) 425079 Telex 825562 Fax (0582) 480477

UK's LEADING SUPPLIER OF RENTAL GEOPHYSICAL,
GEOTECHNICAL, & SURVEYING EQUIPMENT

SEISMIC EQUIPMENT

Bison IFP 9000 Seismograph
ABEM Mark Il Seismograph

Single Channel Seismograph Complete
DMT-911 Recorders

HVB Blasters

Geophone Cables 10.20.30M Take Outs
Geophones

Single Channel Recorders

Dynasource Energy System

Buffalo Gun Energy System

MAGNETICS

G-856X Portable Proton Magnetometers
G-816 Magnetometers

G-826 Magnetometers

G-866 Magnetometers

GROUND PROBING RADAR

SIR-10 Consoles
SIR-8 Console

EPC 8700 Thermal Recorders
120 MHz Transducers

80 MHz Transducers

500 MHz Transducers

1 GHz Transducers
Generators

Various PSUs

Additional Cables

Distance Meters

GRAVITY

Model "D" Gravity Meters
Model “G" Gravity Meters

EM

EM38
EM31 Conductivity Meter

EM16/16R Resistivity Meters
EM34 Conductivity Meter 10, 20. 40M Cables
EM37 Transient EM Unit

RESISTIVITY

ABEM Terrameter

ABEM Booster

BGS 128 Offset Sounding System
BGS 256 Offset Sounding System
Wenner Array

In addition to rental equipment we currently have equipment for sale. For example ES2415, ES121 OF.
EMI6/16R, G-816. G856, G826/826A1, equipment spares.
NOTE: Allied Associates stock a comprehensive range of equipment spares and consumables and
provide a repair B maintenance service.

We would be pleased to assist with any customer's enquiry

Telephone (0582) 425079

Place your order through our first agency in Hungary.

To place an order, we request the

information listed in the box below.

1 Customer name

(a maximum of 36 characters)

ELGI c/o L Ver6

Columbus St. 17-23

H -1145 Budapest, Hungary

2. Customer representative

3. Shipping address

4. Mailing or billing address

(if different)

5. Telephone, Telex or Fax number

6. Method of shipment

PHONE: 36-1-1637-438
FAX: 36-1-1637-256

*Orders must be placed and prepaid with ELGI .

SOFTW ARE

for Geophysical and

Hydrogeological
Data Interpretation,

Processing & Presentation

iR

LT MK

715 14th Street m Golden, Colorado 80401 USA B (303) 278-9124 FAX: (303) 278-4007



INVITATION

The Association of Hungarian Geophysicists decided at its annual meeting
to establish the “Foundation for Hungarian Geophysicists” and elected its first
Advisory Board for 3 years. The foundation has been started with a moderate
initial capital of 300 000 HUF, which has by now increased to more than 3
million and it is open for everybody.

The aim of the foundation is to help Hungarian geophysicists. There are
two main target groups whose application for grants will be accepted with
preference: young geophysicists needing assistance (travels, participation at
conferences, publications,post-graduate education etc.) at the beginning of their
professional life as well as retired and unemployed colleagues whose economic
and social position became especially unfavourable.

The nine members of the Advisory Board invite everybody to join this
foundation; donations should be communicated with the Board. Organisations
and persons donating sums exceeding the initial capital will have the opportuni-
ty to delegate representatives into the Board. Detailed information is available
at the following address:

Advisory Board of the
“Foundation for Hungarian Geophysicists”
H-1371 Budapest, P.O.B. 431
Budapest, I., F6 u. 68.
Telephone 201-2011/590
Telex 22-4343
Telefax 156-1215



Copyright

Authorization to photocopy items for internal or personal use in research, study or
teaching is granted by the Eétvos Lorand Geophysical Institute of Hungary for individuals,
instructors, libraries or other non- commercial organizations. We permit abstracting
services to use the abstracts of our journal articles without fee in the preparation of their
services. Other kinds of copying, such as copying for general distribution, for advertising
or promotional purposes, for creating new collective works, or for resale are not permitted.
Special requests should be addressed to the Editor. There is no charge for using figures,
tables and short quotes from thisjournal for re-publication in scientific books andjournals,
but the material must be cited appropriately, indicating its source.

Az Eodtvos Lorand Geofizikai Intézet hozzajarul ahhoz, hogy kiadvanyainak anyaga-
rol belsé vagy személyes felhasznalasra kutatasi vagy oktatasi célokra maganszemélyek,
oktatok, konyvtarak vagy egyéb, nem kereskedelmi szervezetek masolatokat készitsenek.
Engedélyezzitkk a megjelentetett cikkek Osszefoglaldinak felhasznalasat referatumok
Osszeallitasdban. Egyéb céli masolashoz, mint példaul: terjesztés, hirdetési vagy reklam
célok, uj, dsszefoglalo jellegli anyagok Osszeallitasa, eladas, nem jarulunk hozza. Az
egyedi kéréseket kérjik a szerkeszt6nek cimezni. Nem szamolunk fel dijat a kiadvanya-
inkban szerepl6 abrak, tablazatok, révid idézetek mas tudomanyos cikkben vagy kényv-
ben val6 Ujrafelhasznalasaért, de az idézés pontossagat és a forras megjelélését
megkivanjuk.






