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M.L. RICHARDS, U. SCHMUCKER and E. STEVELING 

"Magnetic variations a nd magnetotelluric studies in Rheingraben 
and Schwarzwald" 

Magnetotelluric and magnetovariational surveys were made 
in 1977/78 along two east-west oriented profiles from the Rhein

graben to the Schwabische Alb, crossing the Schwarzwald in the 

north by Baden-Baden and in the south by Freiburg. The aim was 

to test equipment and analysis methods in the context of a geo

thermal resources program. Most of the data have been analysed 
and some results of magnetotelluric analysis are described in 

the following. 

The aim of instrumentation and digital data recorder design 

was to cover at least the two frequency ranges for pulsations and 

polar substorms (SCHMUCKER~ et. al,, 1980). Induction coil mag-· 

netometer is used in the former range, and either fluxgate or 

Askania variometer for the latter. The telluric apparatus in

corporates Ag-AgCl electrodes. 

The area of the survey is shown in Fig. 1, where the sta~ 

tions to be discussed are underlined. The electric field was 

measured for only 1 or 2 days at each of stations BAD, ENZ, NBU, 

ENT, KOH and TIE, and long period magnetic field was not 
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Fig. 1: Station locations; those underlined are discussed in 

the text. 
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measured at LFG. So there are bay-period resu l ts only at Rl~W, 

SIG, ALT and HTZ. For the 3 stations ENZ, NBU and TI E, howe ver, 

the pulsation data were filtered and decima~ed, and longer ef

fects selected to extend the results to 2000 s period . Longer 

period pulsation effects were also analysed at HTZ, as we l l as 

bays, and effectively bridge t h e gap between bays and pulsations. 

Data analysis follows SCHMUCKER (1978). Selected data 

segments are filtered and decimated as required and then Fourier 

transformed. Smooth estimates of spectra and cross spectra 

at selected frequencies are obtained by first, convoluting the 

raw spectra with a Parzen spectral window, and second, aver

aging these values over the available effects. Typical window 

widths are between 0.05 and 1.0 cph for the frequency range 

0.05 to 8.0 cph, and between 0.6 and 96.0 cph for the range 

1.8 to 480.0 cph. One variation of this scheme was to use a 

cosine data window for pulsation effects. 

The impedance function (and its error) that is used for 

the magnetotelluric interpretation is calculated from the smooth 

spectra values. The off-diagonal elements of the impedance ten

sor, cor~esponding to the N-S electric component response to D 

magnetic variations, and E-W elec. 

tric to H magnetic, are later 

called NS/D and EW/H, respec

tively. The impedance values 

are not shown as such, but are 

first converted to modified 

apparent resistivity, p•, and 

depth of penetration, z* 

(SCHMUCKER, 1971). As an exam

ple, p*(z~) for SIG, a Rheingra

ben station, is shown in Fig. 2. 

Because this is a 2-dimensional 

feature the impedance term with 

electric field parallel to strike 

(E-polarisation) is shown. This 

is about N20t, or approximately 

the NS/D polarisation. The bars 

express the error estimate, and 
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the frequency is noted alongside. Fig. 2: SIG, E-polarisation. 
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For depths 1 < z ~ ~ 4 km the results are from pulsation 

analysis in the period range 20 to 200 s; values for ·5 ~ z3/< < 105 

km are for bay effects with period range 5 min to 4 h. Maximum 

depths of penetration are obtained for "longer effects", which 

are storm-time segments that are long enough to allow analysis 

at periods from 2 to 10 h. 

In the upper few km p* increases smoothly from 3 to 30 nm. 

This is the signature of the graben sediment fill which from 

concurrent evidence has a conductance of 1000 to 1500 Sat this 

location. The value of p*remains between 15 and 35 nm for 

3 < z* .( 200 km, with a slight decrease at 20 km and a tendency 

to smaller value at the greatest depths of penetration. 

A summary of results for all the stations marked in Fig. 1 

is presented in Fig. 3. Coordinates are not rotated in this 

case, and in both parts 'a' and 'b' the upper and lower panels 

are for NS/D and EW/H polarisations, respectively. Fig. 3a is 

for the northern profile and 3b for the southern. Individual 

estimates are not given, except for those at periods 20, 200 

and 2000 s. The daihed curves are smoothed representations of 

p*(z*), and error bounds are indicated by the solid lines. 

Note that the log z* scale is the same for each station, but 

the log p* scale ranges over low values for RMW and SIG and high 

values for all the others. 

The unrotated curve for SIG is not much different from the 

rotated one of Fig. 2, and a very similar result is seen at RMW, 

the other Rheingraben station of the northern profile. For 

neither station can results for EW/H be used. Values of p*(z~) 

are less than 40 nm. By comparison, the Schwarzwald stations 

BAD, ENZ, NBU and HTZ are much more resistive. At depths where 

p* is 30 nm in the Rheingraben the value is 2000 to 3000 nm in 

~he Schwarzwald, in either polarisation. The areas are contrast

ed in depth of penetration results, too. For example, follow

ing the depth of penetration at 200 s period from one curve to 

the next, the value is 5 km in the Rheingraben but 100 to 200 km 

in the Schwarzwald, and decreases again to 40 km at stations ENT 

and KOH further to the east. Station NBU between ENZ and ENT 

appears to be transitional in both polarisations, but at BAD t h e 

result is about the same as at ENZ in NS/D polarisation. 

However, the impedance is isotropic at ENZ and not at BAD, 
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Fig. 3: p*(z~), unrotated impedance, for stations indicated 

in Fig. 1. 

clearly indicating the influence of the graben. 
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A second representation of station resistivity structure 

is obtained by use of an inverse, one-dimensional model algo

rithm (SCHMUCKER, 1974). Starting with the E-polarisation 

impedance element, including errors, models with different con

straints were found for stations RMW, SIG and HTZ. The simplest 

realistic model is two layers over a halfspace. Increasing 

this to 3 layers makes a small improvement, and these results 

of the inversion algorithm are shown in Fig. 4. 



- 31 -

togp [Qm]- togp 1nm1-
00,------,-------.2 ___ -.-3 ___ 4 o.--__ ...,1 ___ ..:;2 ___ ..::.3 ___ 4 

1 

log2 

[kj] 7·--·1 . 
2 

. I I . . I 

0 

/RMW 71s1G 

logZ 
[km] 

~ 

log p (Qm]-
0,.-:;-----;....--~2:..._ __ ~3 __ _;;;4 

2 

C 

Fig. 4: One-dimensional models. 

RMW 

In 4b and 4c the data are weighted inversely by the data 

errors; in 4a no weighting was used. For cases 4a and 4b the 

product of conductivity times thickness squared is constant in 

each layer, but in 4c this product is weighted linearly, with 

smaller weights for the upper layers (LARSEN, 1975). 

For RMW and HTZ the results are not essentially different 

in the 3 cases, although for RMW the low resistivity at about 

20 km depth is more clearly resolved when both data variance and 

layer weighting are employed. The change in HTZ model when, in 

4b, the effect of a nonconducting layer of 50 km thickness is 

removed before the inversion is a modest (25 km) shallowing of 

the more resistive layer. This nonconductor is present in case 

4c also, where two models for HTZ are shown; both show features 

of the p~(z*) curve in Fig. 3, but the one with deeper struct ure 

has the smaller fitting error, E. 

The error E systematically decreases from 4a to 4b to 4c. 

Increasing the number of layers also reduces E, but the effect 

is to introd_uce alternating re.sistive and conductive layers of 
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large contrast and large uncertainty of resisti v ity, and these 

results were rejected. 

The results for SIG are similar to those for RMW except 

that the lower resistivity layer at 20 km is not present. In 

4a an increase in p between 20 and 50 km is noted instead. 

This layer occurs at somewhat greater depth in 4c, where a 

fourth layer was included. 

Taking 4c, with the best fit, the results for Rheingraben 

and Schwarzwald stations may be contrasted again. This model 

retrieves the main features of the p*(z~) curve at HTZ, which is 

very like ENZ in the northern profile (Fig. 3) and thus repre

sentative of central Schwarzwald. 
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