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TRANSIENT ELECTROMAGNETIC SOUNDINGS—DEVELOPMENT
OE INTERPRETATION METHODS AND APPLICATION TO BAUXITE
EXPLORATION

Kristof KAKAS*. Frank C. FRISCHKNECHT**, Jozsef UJSZASZI*,
Walter L. ANDERSON** and Ern6 PRACSER*

Under a cooperative program between the U.S. Geological Survey and the Edtvds Lorand
Geophysical Institute, central loop and single loop time-domain electromagnetic (TDEM) sound-
ings were made at a number of localities in Hungary. The primary objective was to test the usefulness
of the method in exploration for bauxite. The results of the soundings were interpreted by use of
a nonlinear least-squares computer algorithm which fits the data with one-dimensional models.
Interpretation of the data was generally complicated by the fact that most of the soundings were
distorted due to lateral changes in the conductance of the overburden or other causes. Direct
evidence of known bauxite deposits was not found. However, the results indicate that TDEM
soundings can provide structural information useful to locating bauxite deposits indirectly. In two
areas, evidence of a deep conductor beneath a bauxite deposit was found. The central loop or single
loop techniques were found to be rather slow for routine exploration where a dense set of soundings
is needed, therefore, in the future, fixed source or large loop configuration will be tested in bauxite
exploration.

There are two serious problems in interpretation of TDEM sounding curves by computer
inversion; the required computer time is excessive for inversion of all the data acquired in a routine
survey and satisfactory results cannot be obtained when the sounding curves are highly distorted
by lateral changes in resistivity. Anomalous zones can readily be identified by plotting the data in
the form of pseudosections with time along the vertical axis. To produce quantitative information
on the variation of resistivity with depth or the depth to interfaces between layers, methods termed
TSH and TRH are being developed. The TSH method is based on an approximation for the
response of a thin conductive sheet in a resistive halfspace and it yields apparent conductance versus
apparent depth curves. The TRH method is based on the rate of diffusion downward of the eddy
currents in a half-space and it produces a resistivity versus depth curve.

Keywords: transient electromagnetic sounding, bauxite prospecting, Marquardt inversion, time-domain
electromagnetics

1. Introduction

Many of the principles of transient electromagnetic depth sounding have
been understood for more than 30 years. Until the past several years, transient
or time-domain electromagnetic (TDEM) soundings were generally made with
heavy equipment and large offsets between source and receiver to sound to
depths of up to several kilometers. In the last few years, highly portable
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equipment, which was developed primarily for exploration for conductive mi-
neral deposits, has been employed for sounding to shallower depths using short
times and short offsets between the source and receiver. Time-domain methods
have a number of advantages over other geoelectrical sounding methods.
Generally, TDEM soundings are more sensitive to the presence of conductive
layers than other geoelectrical measurements. Most TDEM techniques are
relatively insensitive to topography and high precision in surveying is not
required. Measurements made with short offset configurations are not as likely
to be distorted by lateral variations in resistivity as measurements made with
long offset configurations, and it is much easier to make high-resolution TDEM
measurements than frequency-domain measurements using short offsets.

The development and application of TDEM methods for high-resolution
sounding to depths of 0.5 1.0 km is of great interest to the Edtvds Lorand
Geophysical Institute (ELGI) and the U.S. Geological Survey (USGS).
Cooperative studies between these two organizations have included an evalua-
tion of short offset TDEM methods in sounding and as applied to bauxite
exploration in Hungary, the development of mathematical tools for computer
inversion of data taken about large loops, and the development of rapid techni-
ques for interpreting TDEM soundings.

2. Field studies

During November 1982, experimental TDEM measurements were made
jointly by USGS and ELGI personnel at a number of locations in Hungary. The
objectives were to test the usefulness of the method in bauxite exploration and
in shallow sounding for other purposes. The basic equipment was a Mark Il
SIROTEM® desinged by CSIRO [Buset1i-0 'Neitn  1977]. An auxiliary high
power switcher developed by the USGS was used for some of the work. Most
measurements were made using the central loop configuration in which a small
vertical-axis, multi-turn loop is placed at the center of a much larger square
transmitter loop. By means of an electronic switch at the input of the receiver
the SIROTEM instrument can also be used with a single loop for both transmit-
ting and receiving; a few such measurements were made. Transmitting loops
with sides having dimensions at 50, 100, 200, and 400 meters were used. The
system transmits a train of bipolar nearly-square pulses with an off-power
interval between pulses. Measurements can be made at up to 32 times (channels)
after the end of the current pulse. Results from a minimum of 512 and a
maximum of 4096 pulses can be stacked. Typically the results from two or more
individual runs, using 2048 stacks were averaged. The number of channels of
useful information depended on the signal-to-noise ratio which, in turn, depend-
ed on the resistivity of the earth, the transmitter current, and cultural back-
ground noise, which in Hungary, was generally noise from 50 Hz mains. Av-
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eraged values of the transient voltage were transformed to apparent resistivity
using microcomputer programs developed by R aab and Frischknecht [1983].
Apparent resistivity, as defined in their algorithm, is the resistivity of the
homogeneous earth which would produce a response equal to the observed
response. Apparent resistivity data were inverted using nonlinear least-squares
programs developed by Anderson [1982/a, 1982/b], which fit data to one-
dimensional models.

In Hungary, bauxite deposits typically occur in structural depressions or
in sinkholes on the surface of high-resistivity Triassic carbonate rocks [BAR-
DOsSY 1982, 1984]. The bauxite is covered by Quaternary and Tertiary deposits
of sand, clay, marl, and sometimes limestone of high resistivity. The other
materials generally have resistivities ranging from about 5 to 100 MT. The
resistivity of bauxite is generally similar or a little higher than that of the
overburden, excluding the limestone. Thus, the bauxite does not constitute a
good target for direct detection by electrical methods. However, it is often
possible to detect depressions on the surface of the Triassic carbonates. Ideally
one could detect such depressions using a series of central or single loop
soundings. Apparent resistivity curves calculated for a hypothetical 3-layer
model in which the thickness of the bauxite layer is varied are shown in Figure
1 The curves do not exhibit a pronounced feature characteristic of the bauxite
layer, nevertheless, it should be possible to resolve these various cases in the

Fig. 1. Theoretical curves for a model containing a bauxite layer
/. dbra. EIméleti tranziens szondazasi gorbék bauxitréteget tartalmazd modell felett

Puc. 1 TeopeTuuyeckue KpvBble 30HAMPOBaHMS MMM Hag MOAENblo, coaepkalleli 60KCUTOBBIN
cnoin
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field. Of course, the effect of an actual bauxite deposit would be somewhat
smaller than indicated in Figure 1 because such a deposit has finite lateral
dimension usually on the order of 50-200 m.

Measurements were made at one site where the earth was known to be
rather uniformly conductive to a depth of several hundred meters, and at five
sites where bauxite deposits exist. Single- and central-loop measurements were
made between the Gerecse and Buda hills, SE of Zsdambék, where it is known
from resistivity soundings that there is a thick section having a rather uniform
resistivity. A good fit to the observed data was obtained with the model in-
dicated in Figure 2. Parameters for the conductive layers are generally well
resolved. Parameters for the thin upper layer and the depth to the resistive
basement are not well resolved. The indicated depth in Figure 2 is less than the
actual depth of about 550 meters. However, another, somewhat poorer fit to
the data was obtained with a model in which the depth to basement is 600
meters. It is interesting to note that in this example, where a conductive overbur-
den overlies a resistive basement, the effective depth of investigation was on the
order of the loop dimensions (400 meters) using a current of about 2 amperes.
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Fig. 2. Sounding curve and interpretation for nearly homogeneous half-space
2. dbra. Szondazasi gorbe és kiértékelése kdzel homogén féltér felett

Puc. 2. KpuBas 30HAMPOBaHWA W ee WHTEPNpeTauus Hag nonynpocTpaHCTBOM, 6AM3KOM
rOMOreHHOMY

For the opposite case of an insulating layer over a conductive basement, the
depth of investigation under the same conditions can be 3 or 4 times the loop
dimension.

Results obtained from the SE Gerecse coal basin, NW of Zsambék, are
shown in Figure 3. Most of the parameters are fairly well resolved, although for
the second layer the resistivity and thickness are not well resolved but its
conductance. The resistivity of the basement is not well resolved and the depth
to resistive basement is less than that given by a nearby borehole (380 m). The



Transient electromagnetic soundings. . . 299

calculated TDEM apparent resistivity curve fails to rise as sharply as the
observed curve at late times. It was not possible to find a layered earth model
which would produce a suitable fit to this part of the observed curve; in fact,
the results in Figure 3 were obtained by neglecting the last four points on the
curve in the inversion process. Failure to find a 1-dimensional model which will

SOUNDING DRILLHOLE

Fig. 3. Sounding curve and interpretation for the locality in the SE Gerecse coal basin
rM = Miocene rhyolite tuff: neE = Eocene marl with coal seams; dnil' 3= Upper Triassic dolomitic
marl; dT, = Upper Triassic dolomite

3. dbra. Szondazasi gorbe és kiértékelésének Osszehasonlitasa farasi rétegsorral (Gerecse DK-i
el6tere)

Puc. 3. KpuBasi 30HAMpOBaHMA U COMOCTaB/EHNE €e NHTepNpeTaLumn ¢ pesynbTatamu bypeHus
(KOB npegropbe rop epeye)

M = pnonuToBbI/ Tyth MUOLEHOBOrO BO3pacTa; TaE = 30LEHOBLI Mepreb C YraepoaHbIMU
cnosimmn; il 3 = BepxHe-TPMACOBbLIA [ONOMUTOBLIV Meprenb; dT 3 = BepXHe-TPMacoBbiii
fonomut

fit the data indicates that the sounding curve is distorted by lateral variations
in resistivity. In this case, abrupt thinning of the conductive layer in the vicinity
of the sounding is the most likely cause of distortion and may account for the
difference between the depths from the borehole and the sounding.

Three sounding curves obtained near Csabpuszta, the models obtained by
computer inversion, and results from boreholes are shown in Figure 4. All three
curves were fitted to a 5-layer model, although the presence of this many layers
in not very obvious in sounding S-1. Good fits were found for 5-1 and 5-2.
A layered earth model having a resistivity curve duplicating all of the details of
5-3 was not found, indicating that 5-3 is badly distorted by lateral variations
in resistivity. This is not surprising considering the large differences observed
between the three soundings. The values for the third and fifth layers, which
have high resistivities, are not well resolved. The top of the third resistive layer
coincides approximately with the top of middle Eocene sediments intersected
by the boreholes. The top of the fourth conductive layer coincides rather closely
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Fig. 4. Results of soundings
tor a locality near Csabpuszta
1 layer resistivities and 2

interface based on TDEM
interpretation; 3 - surface of
the Cretaceous limestone from

drillholes, seismic
measurements and
multifrequency EM soundings;
O - M= 0Oligocene Miocene;
"wE2= Middle Eocene marl;
nE2= Middle Eocene
limestone; anE2= Middle
Eocene argillaceous marl;
bx = bauxite; mK3= Upper
Cretaceous limestone

APPRESISTIVITY(Om)

4. &bra. A szondazésok
eredménye Csabpuszta
kornyékén
| rétegellenallas és 2 —
réteghatar a tranziens
szondazasok alapjan; 3 —
a fels6kréta mészké (Ugodi
Mészk6é Formacio) felszine
farasok, szeizmikus reflexios és
multifrekvencias
elektromagneses mérések
alapjan

Puc. 4. Pe3ynbTaTbl 30HAMPOBaHNA B OKpPecHOCTM YabnycTta
1 conpoTuBNeHWe CNos U 2 — rpaHuua mMexzay cnosimm no gaHHbiM MTITM, 3 — noBepxXHOCTb
N3BECTHAKOB BEPXHEMENIOBOr0 Bo3pacTa (YroAckas CBUTA M3BECTHSAKOB) MO AaHHbIM GYpeHuid,
MOB 1 4acTOTHOr0 3/1EKTPOMarHUTHOrO 30HAUPOBaHUA

O-M = onuroueH-MuUoLEeH; TaE2 = cpeaHe3oLIeHoBbIl mMeprenb; LE2 = cpegHe30LEeHoBbI
M3BECTHSIK; ™E, = CpeAHe30LIeHOBbI aprunnnTOoBbLI Meprenb; bx = GOKCUT
TK3 = BepXHEMeNoBblii U3BECTHSK

Puc. 5. Pesynbtatbl MMM Ha mMecTOpOXAeHUN BOKCUTOB BakoHbocnon
a) Kpusble 30HAMpPOBaHMS ML 1 UX NpUGAMKEeHNE TPEXCNOMHONR (CNAOLHas NUHNS)
N YeTbIPEXCNOMHOW (MYHKTUPHAA NUHNUA) MOLENAMN
b) leonornyecknii paspes ¢ pesynbratamu 3oHAMpoBaHnii MMM
1  TpexcnoiiHbiM, 2 — YeTbIPEXCNONHbIM NPUBANKEHNEM
c) OcTaTou4Hble BENUYMHBI KPUBOM 3aTyXaHWs B 3aBUCUMOCTW OT BPEMEHW
(nopsgkoro Homepa KaHana)
d) Kaxyleecs ygenbHOe CONPOTUBNEHME B 3aBUCUMOCTM OT BPEMEHM
(nopsigkoro Homepa KaHana)
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Fig. 5. Results of TDEM soundings from the Bakonyoszlop bauxite-prospecting area
a) TDEM sounding curves with 3-layer (solid line) and 4-layer (dashed line) model curves
b) Geologic section based on drillholes and electrical section interpreted from TDEM soundings
1— result of 3-layer inversion; 2 — result of 4-layer inversion

¢) Pseudosection of the residual decay curve as a function of the measurement time
(channel number)

d) Pseudosection of the apparent resistivity as a function of the measurement time
(channel number)

5. d&bra. Tranziens eredmények, bakonyoszlopi bauxiteléfordulas
a) Tranziens szondazasi gorbék haromréteges (folytonos vonal) és négyréteges
(szaggatott vonal) modellillesztéssel
b) Foldtani szelvény a tranziens szondazasok eredményeivel
1— a haromréteges; 2 — a négyréteges kozelitéshdl
c) Lecsengési gorbe maradékértékei az id§ (csatornaszam) fliggvényében
d) Latszolagos fajlagos ellenallas az id6 (csatornaszam) fliggvényében
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with the top of the Cretaceous sediments as found in the boreholes and by other
geophysical measurements [Kakas 1983]. The fifth layer appears to dip to the
north in disconformity with the other layers. We might expect this layer to
represent the Triassic carbonate basement but the interpreted depth for resistive
basement at S-3 is too shallow according to the borehole. Nonetheless, resistive
layers could be present in the Cretaceous section of this sequence.

Results of five soundings, made over a bauxite deposit in the Bakonyoszlop
region are shown in Figure 5. The initial parts of all five soundings are very
similar. The late time parts of soundings B 1and B2 rise too steeply to be fit with
a layered earth model. Sounding B3 was fitted using a 4-layer model with a very
conductive fourth layer and B4 and B5 were fitted approximately to a similar
model. Since, with the possible exception of /3, the latter part of all of the
soundings appears to be distorted, they were all fitted using 3-layer models and
using only the first .5 points on the sounding curves. The results of this
procedure are indicated by the solid lines and resistivity values shown on the
cross section. The results obtained by fitting /A3, B4, and B5 to 4-layer models
are shown by dashed lines. Although the thicknesses and resistivities of the
upper two layers are somewhat different for the two models, the conductances
of the second layer are nearly the same suggesting that fitting only the first part
of the sounding curves is a valid procedure. Values for the conductance of the
second layer, as determined from the TDEM measurements, are a little higher
than those obtained from interpretation of unpublished resistivity soundings
made along the same profile. In a general way the 3 layers determined by TDEM
measurements coincide with the lithology obtained from the borehole measure-
ments. The conductive layers tend to correspond with sandstone and clay and
the resistive layers with limestone and marl.

Data collected along a profile may be presented in a number of ways which
emphasize qualitatively changes in the electrical section, such as those caused
by faults or pinch-outs. To prepare the pseudosection shown in Figure 5/c, the
difference between each decay curve and the average of all five curves were
calculated, and the results were plotted and contoured with station position
along the horizontal axis and time along the vertical axis. Since penetration
depth increases with time, this pseudosection bears some resemblance to a true
section. The principal anomaly coincides approximately with the known bauxite
body. However, this simple procedure does not provide quantitative depth
information and, with little doubt, the anomaly shown in Figure 5 is due to a
conductive zone below the deposit rather than the bauxite deposit.

Similar pseudosections can be prepared by plotting and contouring ap-
parent resistivity values as in Figure 5/d. In this pseudosection, a depression in
the contours appears approximately beneath the bauxite deposit. Again let us
emphasize that it is not the effect of the small bauxite deposit which is seen here,
but rather a zone of low resistivity in the basement which has not been detected
by other methods.

There is no independent evidence at this site to confirm the presence of a
deep conductor as indicated by B3 or to suggest the cause of such a conductor.
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Most likely, the conductive zone is a two- or three-dimensional feature rather
than a layer and it may be displaced laterally from the profile. It is known from
other localities in Hungary that fracture zones in dolomite, which are filled with
water and sometimes clay, constitute conductors in the resistive basement. In
fact, it has been suggested that structural depressions which may contain
bauxite may sometimes be associated with such conductive zones in the base-
ment.
The results for two soundings made near Bicske are shown in Figure 6. The
soundings are very dissimilar, C-1 indicating the presence of 4 layers and C-2
indicating 3 layers. The conductances of the upper layer, as found from the two
soundings, are quite similar and agree well with results of Slingram profiling.

Fig. 6. Results of soundings from a locality near Bicske
a) Geological and electrical section
dO = Oligocéne dolomite debris; fT3= Upper Triassic Hauptdolomit
b) Sounding curves with the best-fit inversions

6. abra. A szondazasok eredményei Bicske kornyékén
a) Foldtani-geoelektromos szelvény
b) Szondazasi gorbék a legjobban illeszked6 megoldasokkal

Puc. 6. Pe3ynbTaTbl 30HANPOBaHWIA B OKPECHOCTU Buuke
a) [eonoro-re0anekTpUYecKnin paspes
O = A0NOMUTOBbIE 06/10MKM ONUTOLEHOBOro Bo3pacTa; T3 = BepXHETPUacoBblii OCHOBHOM
ponomut
b) KpumBble 30HANPOBAHUA U TEOPETUYECKME KPKBbIE, COBMECTUMbIE NyYLUUM 06pa3omM
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The resistivities of the second layer are unrealistically high and are a result of
fitting distorted curves. Other than the first layer, the models differ markedly
from each other and do not correspond to known geologic features. Several
attempts were made to fit the observed data with a model in which the upper
layer was fixed to the depth to the Oligocéne dolomite debris (C-1) or the depth
to the Triassic basement (C-2); however satisfactory fits could not be obtained
using these constraints. The resistivity for the deep conductor, as indicated by
C-2, is unreasonably low. Likely, C-2 is badly distorted or contains some
erroneous data points. However, the fact that C-1 indicates the presence of a
conductive layer in the basement lends some support to the possibility of the
existence of a conductor of unknown configuration in the basement.

The results given above indicate that the central-loop or single-loop TDEM
methods can De used for sounding in the bauxite producing regions of western
Hungary. However, the electrical sections there, which basically consist of
conductive layers over a resistive basement, are not as easily resolved as in the
opposite case when resistive rocks overlie conductive layers. Many of the
sounding curves obtained are distorted; one of the primary causes is probably
sharp lateral changes in the conductance of the conductive sediments. Previous
experience with this method indicates that sounding curves taken near fairly
pronounced lateral changes in resistivity can be fitted well to one-dimensional
models even though the soundings are distorted [Frischknecht-R aab 1984].
Thus, it is apparent that, lateral changes in resistivity in the localities studied
in Hungary are very severe.

3. Fixed-source TDEM measurements

The central-loop and single-loop techniques are examples of moving-
source methods in which the source is moved for each new station. Moving-
source methods are very suitable for reconnaissance work where measurements
are made at widely separated sites. They also have some advantages in that the
geometrical relationship between source and receiver is constant. However,
when a high density of stations along a profile is needed, the single- and
central-loop techniques are very slow. Much higher rates of production can be
achieved if the source loop is left in a fixed position for a series of measurements
and the only receiver is moved for each new station. Besides being faster,
fixed-source techniques offer an advantage over central- or single-loop techni-
ques in that the horizontal component, as well as the vertical component of the
field can be measured. While galvanic or “current gathering” effects are sup-
pressed in the central or single loop techniques, they are enhanced at large
source-receiver separations. The absence of galvanic effects simplifies inter-
pretation but galvanic currents often identify the location of weak conductors
that do not carry significant vortex currents due to direct induction. This
phenomenon may be useful in bauxite exploration. Probably, the chief disad-
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vantage of the fixed-source method for bauxite exploration is the changing
geometry between source and receiver.

The USGS and ELGI have been working on interpretation techniques in
anticipation of making TDEM soundings using the fixed-source method. An-
derson [1984] has developed a very efficient computer program, using lagged
convolution for computation of the horizontal and vertical frequency-domain
fields inside and outside a large loop on a horizontally layered earth. A time-
domain version of the same program is being evaluated. Following the general
approach used by Raab and Frischknecht [1983], Préacser has developed
suitable expressions for calculation of apparent resistivity when a large loop is
used. It appears that development of an inversion program for fixed-source
soundings will not be a major task.

4. Development of other interpretation methods

Development of alternatives to interpretation by computer inversion is a
major concern. In some areas, TDEM sounding curves can be interpreted easily
but finding good fits to the data from the Csabpuszta, Bakonyoszlop and Bicske
sites using four- and five-layer models required computation of many forward
models for guidance, and many inversion runs using different starting par-
ameters and constraints. The effort both in terms of personnel time and com-
puter time was far too great to be practical in routine exploration. Furthermore,
to achieve good results with the inversion technique used here, the sounding
curves must not be seriously distorted by the presence of sharp lateral changes
in the electrical section. Therefore, interpretative techniques which do not
require large computer resources and which are stable and yield useful results
when applied to distorted sounding curves are needed.

Pseudosections are useful in qualitative interpretation but they do not
provide estimates of the depth to anomalous zones. A rapid means of making
approximate depth estimates is needed for efficient conduct of field surveys as
well as to provide final results when curve matching using one-dimensional
models fails. What is needed is a simple and direct transform between time and
depth; equivalent transforms exist for other methods such as magnetotellurics.
The following two methods represent attempts to devise such transforms for
time domain methods.

If a highly resistive half-space contains a thin, conductive layer, the tran-
sient response depends on an elementary algebraic expression [W ait 1956]. For
the case when the depth to that layer is of the order of the loop dimensions or
greater wait’s expression may be simplified to obtain a procedure for ap-
proximate inversion of sounding data. From the transient response we compute,
at each time instant, the “apparent depth of investigation” and the total conduc-
tance of the section. The results of applying this procedure to a theoretical curve
are plotted as a function of time (Figure 7/a). In this diagram the effect of the
conductive layer at 300 m is observed as a sharp feature at about 800 microsecs.
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Fig. 7. Application of the TSH method for a theoretical model
a) Apparent conductance versus time and apparent depth versus time curves
b) Apparent conductance and interval resistivity versus apparent depth curves

7. abra. A TSH kiértékelés vizsgalata elméleti gorbéken
a) LAatszolagos vezet6képesség-id6 és latszdlagos mélység-idé gorbe
b) Latszélagos vezet6képesség- és intervallum-ellenédllas-latszélagos mélység gorbe

Puc. 7. AHanns3 nHtepnpetaymm “TSH” Ha TeOpeTUYECKUX KPUBbIX
a) Kpusble Kaxyleics NpoBOAUMOCTU-BPEMEHN U KaXyWelca rny6uUHb -BpeMeHU
b) Kpusble Kaxylueica NpoOBOAUMOCTU-KaXyLW elWca rNy6UHbI M MHTEPBANbHOTO CONPOTUBAEHUSA-
Kaxyluecs rny6uHbl

We can produce a more descriptive and clear display if we plot the total
conductance as a function of the apparent depth (Figure Mb). From this plot
the layers can be identified and the depths of the layer boundaries can be
estimated. We have plotted also what we term the “interval-resistivity curve”;
it is computed from differences in the apparent conductances and depth. This
plot is also useful in preliminary interpretation. This method might be called
the TSH method because we established a transformation between the time, T,
and depth, H, using the conductance, S.

The second method is based on the velocity with which transient eddy
currents move downward and outward from the transmitter loop in a homo-
geneous half-space [Nabighian 1979]. The effective depth of the currents, or
“smoke ring”, is a function of time and half-space resistivity. For the central-
loop configuration a short formula can be used to transform the apparent
resistivity versus time function to apparent resistivity versus apparent depth
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function. We can call this technique a TRH method because it is a transforma-
tion between the time, T, and depth, #, using the resistivity, R. We are testing
this technique on theoretical and field results. In this simplest form it seems to
work well for a conductive layer over an insulator, but not for the opposite case.
Work is continuing to try to find a suitable modification which will make the
technique more useful. The TSH and TRH methods require little computer time
and can also be applied to distorted sounding curves, but improvements must
be made before these techniques will be useful in routine work.

Efficient application of TDEM soundings in a large exploration program
requires an integrated program of data acquisition and interpretation. A block
diagram illustrating proposed relationships between data acquisition, rapid
methods of interpretation, and interpretation based on curve fitting is shown
in Figure 8.

5. Conclusions

Direct evidence of the bauxite deposits at two of the locations (Bakonyosz-
lop and Bicske) where transient field measurements were made cannot be
discerned from the data. This is not surprising considering the size and resistivity
of the deposits and the complexity of the electrical section of these sites. It
appears that such deposits can be detected only indirectly by mapping their
structural settings. The central-loop time-domain method can provide needed
structural information in areas where lateral changes in resistivity are gradual,
but sounding curves which are badly distorted by sharp lateral changes in
resistivity cannot be fully interpreted using existing techniques. If the central-
loop configuration is applied in areas similar to the sites at Csabpuszta and
Bicske, we recommend using a station spacing of one-half or possibly one-quar-
ter of the side of the loop to help cope with lateral variations. We also recom-
mend making measurements at earlier times to define better the near-surface
part of the electrical section. To increase productivity, we suggest use of large-
loop TDEM techniques.

Existing inversion or curve fitting techniques using one-dimensional models
are too slow and too sensitive to distortions in the data to be adequate for
routine interpretation of data, such as would be acquired in bauxite exploration.
Some success was achieved in developing more rapid and robust methods of
interpretation but substantial improvements must be made before these meth-
ods will be useful in routine interpretation.
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A TRANZIENS ELEKTROMAGNESES SZONDAZASOK KIERTEKELESI
MODSZEREINEK FEJLESZTESE ES A SZONDAZASOK ALKALMAZASA
A BAUXITKUTATASBAN

KAKAS Kristo6f, Frank C. FRISCHKNEQHT, UJSZASZ1 Jézsef. Walter L. ANDERSON és
PRACSER Erné

Az USGS és az ELG1 egyittm{kddésének keretében kisérleti tranziens szondazasokat végez-
tink tobb bauxittarol6 szerkezet felett a Dunantuli-k6zéphegységben. A szondéazasokat egydimen-
zi6és Marquardt-inverzioval értékeltiik ki. A kiértékelést megnehezitette, hogy a szondazasok nagy
része (féleg a fed6ellenallas inhomogenitasa miatt) torzult volt. Bar a bauxittelepeket kdzvetlenil
nem lehetett kimutatni, az eredmények azt mutatjdk, hogy a tranziens szondazasokbdl kapott
szerkezeti kép a bauxittestek indirekt detektalasara alkalmas. Két bauxiteléfordulason a bauxittest
alatt jolvezet6 mélyzona volt kimutathaté. Nagy terlletek haldzatos felmérésére akar a kdzépponti
vevitekercses, akar az egyhurkos elrendezés alkalmazasa lassu, ezért gazdasagtalan; erre a TU RAM
(nagykeretes) elrendezést tervezziik hasznalni.

A szamitdgépes inverzids kiértékelésnek komoly hatranya egyrészt, hogy sok szamitégépidét
igényel, masrészt, hogy torz gorbék kiértékelésére nem alkalmas. Kvalitativ kiértékeléshez (anoma-
lis zonak kijeléléséhez) az adatokat pszeudoszelvények formajaban, az id6 figgvényében abrazol-
hatjuk. Az ellenallai-mélység fliggvény, vagy a hatarfeliiletek mélységének kvantitativ meghataro-
zasdhoz a TSH és a TRH eljarast kivanjuk alkalmazni. A TSH eljaras a nagyellenallasu féltérben
teleplil6 vékony vezet6 réteg feltételezésén alapul, és vezet6képesség-mélység fiiggvényt eredmé-

maximumanak mélység-id6é dsszefiiggése alapjan.
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PASBUTUME CIMOCOBOB MHTEPMPETALWN JAHHBIX STIEKTPOMATHUTHbIX
S3OHANPOBAHWK MO METOAY MEPEXOAHbIX NMPOLUECCOB N MPUMMEHEHWE
30HANPOBAHWI ANA PA3BEAKN BOKCUTOB

KpuwTtod KAKALL, ®perk L. DPULLIKHEXT, Noxed YNCACW, BanbTep /1. AHIEPCOH
n OpHé MPAYEP

B pamkax coTpyfgHuuecTBa mexay eonornueckoii cnyx6oii CLUA n 371N 6binn nposege-
Hbl 3KCMepuMeHTabHble 30HAMPOBAaHWUA MO MeToAYy MepexofHbIX MPOLLeCCoB MOJ HEKOTOPbIMU
60KCUTOHOCHBIMY CTPYKTYpamu B paiioHe 3afyHaiicKkoro cpegHeropbs. 30H4MpoBaHNA 6b1in 06pa-
60TaHbl OAHOMEPHOW WHBepcueli MapkapTa. WHTepnpeTauns faHHbIX Oblna 3aTpyfHeHa WcKa-
XKeHnem 60/bLION YacTh KpuBbIX (FNaBHbIM 06pa3oM K3-3a HEO4HOPOAHOCTW COMPOTUB/EHUIA B
NoKpoBe). XOTA HeMb3sA 6bI10 NPAMO BbIABUTb GOKCUTOBLIE 3aN€XW, pe3ynbTaTbl YKasblBaOT Ha
TO, YTO NONYYEHHas B pe3ynbTaTe 30HANPOBAHNA MO METOLY NEepexofHbIX NPOLIECCOB CTPYKTYPHAsA
KapTuHa NOo3BONSAET BblAeNAaTb HOKCUTOBbIE Tena KOCBEHHbIM NyTeM. Ha ABYX MeCTOpOXAEHUAX
6okcuTa B nogolise 6OKCUTOBOrO Tena Oblfa BblAeneHa XOPOLOo NpoBoAsLLas rnybuHHas 30Ha.

[na CbeMKM 0BLLMPHBIX PaioHOB NO CETU NMPUMEHEHWE YCTaHOBOK KaK CO CpeAHeli NpueMHoi
KaTyWKOW, TaKk W C OLHON MEeTNON OKas3blBaeTCA MeANEeHHbIM, W NO3TOMY HEIKOHOMUYHbIM
cnocobom; Ana TakoW Lenn npegycMmatpuBaeTcs MpUMeHUHe yctaHoBkM TYPAM (c 6onbluoii
pamoi).

Cepbe3HbIM Hef0CTaTKOM WMHBEPCUMOHHOW MHTepnpeTauunm Ha SBM ABnseTca BbICOKas Mo-
Tpe6HOCTb B MALIMHHOM BPEMEHW, C OAHOW CTOPOHbI, W HEroOAHOCTb €e A/ WHTepnpeTauuu
NCKaXXEHHbIX KPUBbIX C APYroi. [ns KayeCTBEHHON MHTepnpeTaumm (BblgeneHNs aHOManbHbIX 30H)
[JaHHble MOryT u3obpaxarbca B BWAe MCEBA0-pa3spe3oB B 3aBUCMMOCTM OT BpeMeHu. [ns
onpeAeneHnii 3aBUCMMOCTU CONPOTUBNEHNS OT FNYB6UHbLI, AWM AN KONMYECTBEHHOMO OMpeAeneHns
rny6vHbl 3aneraHns pa3pe3oB B HacTosLlee Bpems paspabaTbiBatoTcsi cnocobbl TSH n TRH.

Cnoco6 TSH ocHOBaH Ha MPeAnofioeHUN HANUUYUA TOHKOTO NPOBOAALLErO CM0S B BbICO-
KOOMHOM MOMYNPOCTPAHCTBe W B pe3yfbTaTe faeT (YHKUWIO 3aBMCMMOCTU NPOBOAUMOCTU OT
rny6uHbl. Cnoco6 TRH BbiNoMHAeT nNpeo6pa3oBaHMe KPUBOM 30HAMPOBAHWS NO rybuHE Ha oc-
HOBaHWM 3aBUCUMOCTU rNy6MHbI MakCUMyMa BUXPEBbIX TOKOB OT BPEMEHMU.



