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Abstract 

This field report presents the resul ts and conclusions of a 

magneto-tellurics survey in a suspected geothermal area. Two 

definite conductive zones a re evident in the data. A third is 

postulated primari ly on the basis of modeling studies performed 

on the data. All are of possible geothermal interest. 

The zones a re : 

1) A low resistivity zone (approximately 1.5 to 2. 5 ohm-

meters) ranging from a few hundred feet to about 4000 feet in 

depth and approximately 1000 feet to 3000 feet in thickness under 

the two lines is readily evident in the data. This zone is likely 

a (hot?) saturated aquifer and may also be considerably altered. 

2) A possible conductive zone centered under Site 1-2. , 

Very little can be said about this zone, except that it might exist. 

Its size, conductivity, and depth are postulated primari ly on the 

basis of geological reasonability — they cannot be uniquely assigned 

from the data. The low conductivity might be due either to alteration 

or an isolated aquifer. The latter possibility is much the less 

likely of the two, but would be of more geothermal interest . 

3) A deep conductive zone, the top of which varies from 

approximately 16, 000 to 30,000 feet under the svirvey area . This 

zone is very conductive (averaging approximately 0. 3 ohm-meters) 

and is quite likely a magma chamber. 

—̂ ..,,. ,̂ ,. 
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I." Introduction 

At the request of Mr. William E. Mero of the Chevron Oil 

Company, Minerals Staff, Geotronics Corporation conducted a 

magneto-tellurics survey near Soda Lake, Nevada, in March of 1975. 

The purpose of the survey was to attempt to detect, and if possible 

delineate, electrically conductive zones of geothermal interest in the 

subsurface of the area. The survey consisted of ten si tes situated 

in two parallel lines just northeast of Soda Lake. Site locations 

are shown on the enclosed map. 

The theory of magneto-telluric interpretation is presented in 

considerable detail in reference 2 o f this report , along with the 

analysis and interpretation of a sample survey. For the sake of 

brevity, this theory has not been repeated extensively in this report , 

although it is the basis of most of the reasoning used in the interpre

tation. 

Brief descriptions of the field operation, data processing 

procedure, and computer programs used in the interpretation are 

presented in the appendices. 
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n . Results 

Figures H-I through 11-10 are plots of resistivity and phase, 
tensor rotation angles, and 3-D indices for si tes 1-1 through 1-10. 
Final OPTMOD models are plotted over the data. The significance 
of these quantities, along with their acceptance cri ter ia will be 
discussed in section EX. Figures 11-11 through 11-20 are composite 
plots of the final layered models and the final INVERT models for 
each si te . These models will also be discussed in more detail in 
section III. 

The Chevron-Phillips 1-29 well log model is plotted along 
with the data from Site 1-8, which is only 400 feet away.. The 
well log was modeled by inputting the resist ivit ies and thicknesses 
on the log to the bottom of the drill hole (4310 feet). The bottom 
resistivity in the hole (28 ohm-meters) was then continued to a 
depth of approximately 32, 000 feet, the point where the top of the 
lower conductor should be under this si te. A resistivity of 1 ohm-
meter was assumed for the lower conductor. 

There is some discrepancy between the measured MT data 
and the modeled well log data at shallow depths. This is likely a real 
difference due to a difference in geology between MT Site 1-8 and the 
well s i te . It may also be partly attributable to the difference in 
measuring scale of the two methods and the fact that the local effects 
seen in the well log must be assumed to extend in infinite horizontal 
layers in order to compute the well log model. 

Pr imar i ly , the well log appears to not be seeing as much of the 
shallow conductive zone as MT is . At greater depths, the two models 
begin to track each other somewhat better, indicating that the lower 
parts of the model a re likely real is t ic . 



III. Geoelectrical Interpretation 

A. General Comments 
The computed resul ts used in the interpretation for this survey 

a re contained in Section II, Figures I I - l through II-10. Refer to 
Appendices A, B, and C for more details regarding the measurements 
and data processing and for some description of the terminology used 
herein. The resul ts used include the apparent resistivity (RTE and RTM) 
and associated phase functions, the tensor rotation angles for maximum 
impedance direction (A(Z)) and for maximum H^ admittance direction 
(A(YZ)). and the 3-D indices (ALPHA and BETA). 

On the average, two or more recording runs were processed 
for each frequency band (except for B2) for each si te . Data point 
acceptance cr i ter ia were based primari ly on the levels of phasor 
coherency associated with the data points of each frequency. RTE and 
RTM data was passed for coherencies above 0. 8. Rotation angle data 
and 3-D indices were passed only if both RTM and RTE values passed 
at a given frequency. For a coherency pass level of 0. 8, the theoretical 
bands of ± 20% of mean value should enclose about 90% of the data points 
for RTM and RTE from all individual data sets applying at a given 
frequency. The scat ter in the computed resul ts does appear to be about 
± 20% for most sites except for some cases where special noise influences 
came to bear in certain frequency regions (e. g . , Site 1-8 between 0.1 and 
l .OH^). 

The resul ts for each site tend to show a fairly low degree of apparent 
anisotropy. This applies generally over the entire survey area. The low 
apparent anisotropy (low degree of RTE-RTM separation) implies a low 
influence of lateral changes on the resul ts for a given sounding and 
consequently favors an interpretation based upon 1-D inversions of the 
results for each site. The apparent anisotropy present at the lower 
frequency range appears to be due to anomalies in the resist ive basement 
and the deep conductive zone. A discussion of this will follow. It should 
be noted at this point that the rotation angle resul ts are well defined 
only for frequencies where the apparent anisotropy is significant compared 
to the measurement noise. The rotation angle data are consequently 
very scattered and essentially meaningless for most of the sites of this 
survey for frequencies above 0.1 to 1. 0 Hz. The angles a re reasonably . 
well defined for lower frequencies where the RTE-RTM split begins to 
appear. 



n i . (continued. . . ) 

B. One-Dimensional Models 
One dimensional models for each site were generated from the 

RTE and associated phase functions using both programs INVERT and 
OPTMOD (see Appendix C) and the resulting resistivity-depth functions 
are plotted in Section 11, Figures l l - l l - 11-20, with both models for 
a given site plotted together for comparison. Both models reflect the 
same gross features of the resistivity profile and show essentially all 
of the detail that is warranted by the resolution for these resul t s . The 
layered model provides a better means for estimating the bounds on 
the average resistivity for a given zone or layer, but the layered model 
does not imply that the resistivity values change abruptly at the inter
face shown. A given layer interface might fall near the center of 
a continuous transition between two values of resistivity at different 
depths. The INVERT model tends to smooth any abrupt changes that 
might actually exist. In a sense the two models tend to bracket the 
true model. 

The estimated resistivity bounds or confidence limits a re indi
cated on the model plots. These apply to the inverse of the average 
conductivity ac ross a given zone indicated by a layer. Where no bounds 
are specified, the probable e r ro r in the parameter can be considered 
approximately ± 10 percent. 

The i 10 percent tolerance can be applied to layer interface 
depths while remembering that the interface might represent the mean 
depth for a smooth transition in the resistivity profile. It should be noted, 
too, that the specified parameter bounds are not meant to include all 
possibilities of e r ro r due to two- and three-dimensional anomalies. It 
can only be said that such effects a re not apt to be large for these resu l t s . 

The transition into the deep (lower) conductive zone of the model 
appears to be quite abrupt as evidence^by the rapid decrease in resist ivity 
shown by the INVERT model at most s i tes . This zone is quite probably 
a magma chamber, since it is too shallow to be to upper mantle, and 
molten rock is the only material that deep in the earth likely to have 
such a high conductivity. It is very unlikely that any three-dinnensional 
effects could cause more than 10 to 20 percent e r ro r in this depth 
determination. 

The deep resis t ive zone (overlying the deep conductor) is 
electrically thin enough at sites 1-3, 1-4, 1-5, 1-6, 1-7, and 1-10 that 
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n i . (continued. . . ) 

essentially only its thickness is defined by the sounding. The nainimum 
values of resist ivity allowed by the resul ts a re specified. For si tes 
1-1, 1-2, 1-8, and 1-9, the corresponding resistive zone is electrically 
thick enough (i. e. i ts conductivity-thickness product is great enough) 
that upper and lower limits on resistivity are indicated by the resul ts . 
It is important to note that for si tes 1-1 and 1-2 the deep resis t ive 
zone need only have an average conductivity across the zone of the range 
indicated. Another acceptable model for this zone would be to divide the 
layer (say res is t iv i t^^o înd thickness TQ) into three zones with r e s i s -
tivities^^ 1,^2» and^3 and thicknesses T^, T2. and T3, where zone 2 
is in the middle and situated in the mid to upper region of the original 
layer, and w h e r ^ 2 is less than^o (say 1 to 2 ohm-m), and the condi
tion (T j /^ i + T2l/>2 •*• "^3^3^ " "̂ Oî Ô ^̂  met. An alternate model 
is indicated in the model plot for Site 1-2. .„ — 

^ . : : r ' ^ :<..c:. i f f .. V i -

C. Cross Sections from 1-D Models 
Figures III-1 and III-2 show vertical geoelectric cross sections 

for the two t raverse lines (A and B) produced from the INVERT models 
by contouring on constant resistivity. These models represent a 
smoothed version of the resistivity s t ructure. 

Figures III-3A and III-4 show vertical geoelectric c ross sections 
for the two t raverse lines (A and B) produced by a correlation of the 
OPTMOD models across the t r averse . Resistivity bounds are indicated 
on the sections. Figure IU-3B shows an alternate solution at sites 1-1 
and 1-2 for t raverse A. 

The effects of lateral smoothing should be considered when 
interpreting the sections. For example, the transition in the surface 
depth of the deep conductive zone, in going from Site 1-8 to Site 1-6 
might actually occur more abruptly near Site 1-7. Actual determination 
of this is beyond the resolution of the resu l t s . 

The layers 3 and 4 at s i tes 1-6 and, 1-7 possibly indicate a more 
gradual increase in resistivity with depth than at sites 1-8, 1-9, and 
1-10, and do not necessari ly imply a definite interface between layers 
3 and 4. 

D. Apparent Anisotropy and Rotation Angles 
For the sake of discussion, it is convenient to define an aniso

tropy factor as 
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n i . (continued. . . ) 

AF(f) = RTM/RTE (1) 

where f is frequency. Let AF (f) be the first derivative of AF with 
respect to f. For one-dimensional resul ts AF(f) = 1 and AFl(f) = 0 
for all f. For fi-equencies where a lateral anomaly (or apparent 
anisotropy) is sensed, the RTE and RTM functions separate and 
AF(f) f 1 and AFl(f) ^ 0 . It can be shown that the conductive or 
resis t ive nature of the anomaly is indicated by the polarity of AFl(f) 
as follows: • 

for A F l ( f ) * 0 , anomaly is conductive; 
A F l ( f ) > 0 , anomaly is res is t ive . 

For the resul ts of this survey, examination of the RTE and 
RTM functions shows that for sites 1-1 through 1-5 (traverse A) and 1-6 
of the t raverse B, as frequency is decreased, the first significant 
anomaly is a conductive one, as evidence by RTM rising above RTE for 
decreasing frequency (A¥^{i)< 0). For si tes 1-7 through 1-10 the 
first significant anomaly is resis t ive and a deeper, conductive anomaly 
appears as it is further decreased. 

I 

This behavior is probably explained by the following two consider
ations: 

1) For sites 1-3 through 1-6, the deep resist ive zones are 
electrically thin and effects of the deep conductor surface appear for 
the sanae frequencies for which the res is tor surface becomes effective. 
Consequently, anomalies in the conductor surface (perhaps the slope) 
dominate the effect. For si tes 1-1 and 1-2, which a re not considered """ "• 
electrically thin, the conductive anomaly might be an embeded conductor 
in the resis t ive zone, supporting the alternate niodel discussed in 
Section III-B. 

2) For si tes 1-7 through 1-10, the much thicker deep resist ive 
zone (especially at s i tes 1-8 and 1-9) presents a resist ive anomaly (per
haps its i r regular surface) before the frequency is low enough to sense 
the effect of the deep conductor anomaly. 

The foregoing is very speculative, but does seem to produce a 
rational agreement with the miodel s t ructure . Figures 111-5 and III-6 
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a re plan views of the upper surfaces (obtained from OPTMOD models) 
of the deep res is tor and deep conductor models, respectively. Rota
tion angles A(YZ) corresponding to the two zones are plotted, indicating 
the apparent "dip axis" directions (direction of maximum change) which 
point normal to the apparent s t r ike. The angles corresponding to the 
deep conductor were chosen as the values for the lowest frequency values 
computed. The A(YZ) functions for all si tes except 1-5 are still changing 
in the CCW direction at the lowest frequency value, implying that they 
have not reached final value and would swing further to the north with 
further decrease in frequency. This would perhaps cause better agree
ment with the average deep conductor surface contours. It is interesting 
to note that for the shallower rotation angles (which correspond to 
about 2 to 3 km depth, and consequently to the resistive zone) the directions 
tend to agree reasonably well with the surface contovirs for sites 1-7 
through 1-10, showing a NE-SW str ike, and the angles for sites 1-3 
through 1-5 are close to the deep conductor angles for those s i tes . This 
behavior is in agreement with the ear l ier speculation regarding the 
anisotropy. 



rV. Geologic Models of Soda Lake 

The geologic models of Soda Lake are derived by correlating the 
magneto-telluric data with the published geology (Morrison, 1964), 
the well log of Chevron-Phillips 1-29, and a preliminary cross section 
provided by Chevron Oil. 

Two possible models a r e herein proposed. The first one will be called 
the Alteration Model, and is the more likely of the two. The second 
will be called the Buried Reservoir Model, and although it is the more 
interesting geothernaal model, it is not as easily justifiable geologically 
as is the Alteration Model. 

The Alteration Model is shown by figures IV-1A and IV-2 for Lines 
A and B respectively. The Buried Reservoir Model is shown by 
figures I V-IB and IV- 2, for lines A and B. Note that the 
single model for Line B is conmion to both the Alteration Model and the 
Buried Reservoir Model. 

It should be kept in mind that these models a re quite speculative. 
Lithologic units are proposed on the basis of the range of resist ivit ies 
that they are likely to have. The models a re subject to the e r ro r limits 
for both the depths to interfaces and resistivity ranges which were set 
down in Section III. 

The Alteration Model assumes that unaltered Tert iary rocks, pr imari ly 
rhyolites, have an average resistivity of about 40 to 70 ohm-meters , 
and that altered Ter t iary rocks range in resistivity frona possibly as low 
as one ohm-meter to about 25 ohm-meters - - the more intense the 
alteration, the lower the resist ivity. If this assumption is valid, then 
the MT data is likely detecting alteration zones of the approximate 
dimensions and intensities shown on the model cross sections. 

A low resistivity zone (approximately 1.5 to 2.5 ohm-meters) ranging 
from a few hundred feet to about 4000 feet in depth and approximately 
1000 feet to 3000 feet in thickness under the two lines, is readily evident 
in the data. This zone likely lies in the Lower Lahontan Valley group 
(Wyemaha?). Since the Wyemaha apparently has fair potential as a 
reservoir (Morrison, 1964), and since 1. 5 to 2. 0 ohm-meters is a 
reasonable resist ivity range for a saturated aquifier (especially if the 
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water is hot), one possibility is that this conductive zone is a saturated 
aquifer overlying the impermeable Tert iary basement. The other possi
bility is that this zone is not saturated, but that the alteration extends 
into it. A combination of saturation and alteration is also quite likely. 

Above this is a thin layer (varying from approximately 300 to 1000 feet 
thick) of more resis t ive material (ranging from approximately 5 to 15 
ohm-meters) . This is likely unsaturated Sehoo or Wyemaha formation, 
with Sonne interbeded volcanics. During the modeling phase, it was noted 
that the models for some sites required thin high resistivity layers in order 
to produce a good fit to the high frequency data. 

The probable depth to the lower magma chamber varies from an average 
of about 20, 000 feet under Line A to about 25 to 30, 000 feet under Line B. 
Although these depths appear to be changing somewhat rapidly, they a re 
probably quite representative, since 3-D effects would be relatively 
small , as per the discussion in section n i . 

The resistivity of the deep magma chamber cannot be precisely defined, 
but is likely in the range of 0.1 to 1. 0 ohm mete r s , and appears to 
average about . 30 ohm-meters . 

The Buried Reservoir Model is s imilar to the Alteration Model in most 
respects . The major difference is the proposed cause of the conductive 
anomaly under Site 1-2. Modeling studies on the data show that a layer 
of approximately 1.23 ohm-meter resistivity and 1 kilometer thickness 
sandwiched within a layer of approximately 40 ohm-meters and 4. 5 
kilometers thick fits the data for Site 1-2 quite well. It should be noted 
that because of the res t ra ints necessary in adjusting conductivity-thickness 
products for the model, we cannot unambiguously assign an exact depth 
to the layer, if it exists. Neither can we assign an exact resistivity or 
thickness to the layer - - only a conductivity-thickness product. For example, 
a layer twice as conductive, but only half as thick would produce the same 
resul ts . Similarly, the conductive layer could lie anywhere between the 
upper and lower boundaries of the assumed 40 ohm-meter block, and the 
same data curve would result . 

Geologically, this model is somewhat reasonable, if we assume that the 
conductive layer is possibly a saturated block of Truckee formation 
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overlain by younger volcanics. It is very speculative in that the exact 
sequence of geological events necessary for its existence a re not 
immediately obvious, and open to more than one interpretation. 

Finally, it should be noted that all faulting in the models is proposed 
pr imari ly on the basis of geologic necessity, and is not necessarily 
indicated by MT data. The MT data shows little or no evidence of faulting. 
Any faulting in the area is probably on a scale too small to be within the 
resolution limits of the MT method. 
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Appendix A - Field Operation 

Five orthogonal component, surface EM field measurements (E^. Ey, 
Hx. Hy, H^) were made of the mic^^pulsation fields of each site in 
the overall frequency range of approximately 0. 002 to 100 Hz. This 
range was covered by fovir overlapping bands as described in Table B - 1 . 

Figure A-1 shows the field sensor configuration used. The positive x 
axis is directed to magnetic north, which has an average declination 
of 18°E. The E-field sensors a re electrode lines using 100 square inch 
lead electrodes with a spacing of 600 feet. The H-field sensors are 
Geotronics induction magnetometers - model MTC-4SS for H^ and Hy, 
and model MTC-6SS for H^. 

The instrument van contains the recording system of Geotronics manu
facture, consisting of the MTE-4 three-channel E-field preamplifier, 
the MTH-4 three-channel H-field preamplifier, the MTC-2 calibrator, 
the MTF-16 filter-post amplifier, and the MTDR-2 digital recorder . 
A 6-channel Brush chart recorder is used for field monitoring of the 
signals. 

A five-man field crew is used, consisting of the crew chief and instru-
naent man, alternate instrument man, and a three-man site layout 
team including a surveyor. 

Proper field technique, which is of extreme importance in MT recording, 
has been developed by Geotronics personnel through 15 years of MT 
experience and is s t ressed throughout the survey. System noise and 
data quality checks a re made routinely. All sensors are buried about 
12 inches or more deep and all cables buried or weighted to reduce wind 
noise and improve thermal stability. While one site is being recorded, 
an alternate set of sensors is installed at the next site, and an adequate 
t ime (a few hours) is allowed for stabilization, including thermal and 
magnetic stabilization of the magnetometers and contact potential s tabi
lization of the electrodes. 

Field tapes are sent back to Geotronics daily (when conditions permit) , 
so that preliminary analysis can be done to assess signal quality while the 
field crew is sti l l in the survey area. 

The Soda Lake survey consists of 2 t raverse lines containing a total of 
10 si tes. Data bands B6, B5, B4, and B3 were recorded at si tes 1-2, 
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Appendix A, Field Operation, continued.. . 

1-3, 1-4, 1-7, 1-8, and 1-9. Bands B6, B5, B4, and B2 were recorded 
at sites 1-1, 1 5, 1-6, and 1-7 (end sites of each line). Multiple 
recordings of bands B3 through B6 were made to assure data quality; 
multiple recordings were not routinely nnade of band B2 because of 
the recording time involved. 
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Appendix B - Data Processing Procedure 

Computer processing was done on the Control Data Corporation Cybernet 
System. The Houston based CDC 6600 was used and accessed through the 
CDC-Austin 200 ser ies user terminal. Field tapes were sent to Houston 
and stored in the CDC tape library in read-only mode for the duration 
of the survey and analysis. 

The analysis phase of the processing was done by program MAGTAN2, 
which performs a tensor MT analysis. A description of the program 
functions and output resul ts is given in Appendix C. The frequency 
domain resul ts used in the interpretation of this survey a re : 

(1) Rotated apparent resistivity and phase functions (RTE 
and RTM and related phase functions) for E-parallel 
to strike and E-perpendicular to strike respectively. 

(2) Rotation angle (A(YZ)) for the apparent "dip-axis" 
direction determined from H^, the vertical magnetic 
field, and is the direction of maximum gradient. 

(3) Rotation angle (A(Z)) for maximum impedance. 

(4) Three-dimensionallity indices (ALPHA and BETA) which 
are the "skew" and "ellipticity" of the impedance tensor. 
Zero value for both of these quantities constitutes the 
necessary and sufficient condition for two-dimensionality. 

The frequency bands used in the analysis a re given in Table B - 1 , which 
includes the sampling parameters and the frequency range of results 
used for each band. The upper limit on the frequency range used is near the 
alias filter cut-off frequency, which is set to approximately half the Nyquist 
frequency. The lower three frequency points of the analysis resul ts a r e 
omitted to avoid truncation aliasing e r ro r that is apt to be present. The 
analysis firequency bands overlap for redundancy. 

Strip chart records and field logs were checked to select the best data 
recording runs for analysis. Initially, one rxm of each band for each 
site was processed and the results checked for several acceptance 



Appendix B, Data Processing Procedure, continued.. . 

cr i ter ia . Additional runs were processed where needed to produce the 
best definition of the computed functions. Finally, all runs of the 
frequency domain resul ts to be used were plotted for use in the subse
quent interpretation. Averaged and smoothed functions were produced 
from the raw results for use in modeling and other interpretation. 

One-dimensional models were fit to the RTE and phase functions at each 
site using two different methods and employing computer programs 
described briefly in Appendix C. In the first method, 1-D inversions 
were made by program INVERT, which anal3rtically produces a con
tinuous smoothed function of intrinsic resist ivity vs . depth. In the 
second method, best fit 1-D N-layered models were produced by p ro 
gram OPTMOD. These 1-D models were correlated or contoured to 
produce laterally and vertically smoothed versions of the vert ical c ros s -
sections along the survey t r ave r ses . 

The 1-D models are considered as estimates of the resistivity-depth, 
vertical profile under a given site. The 1-D inversion of the RTE 
function produces the best estimate of the 1-D vert ical profile, but it 
must be kept in mind, when interpreting the model, that any neighboring 
lateral variations in the conductivity structure have some degree of 
influence on the profile, depending upon the distance to and magnitude of 
the anomaly. Normally, the influence is such as to produce a lateral 
smoothing effect on the cross section. Consequently, it must be considered 
that a change in any direction in the s tructure may, in reality, be more 
abrupt than reflected in the interpreted cross section. When a low degree 
of two- and three-dimensionality is indicated in the MT resul ts the lateral 
s tructural variations (electrical parameters) a re usually gradual enough 
to yield a reasonably faithful interpreted cross section. 

Two-dimensional modeling is often useful for verifying the response to an 
anomaly in a particular region of the s t ructure, but, because of the large 
number of degrees of freedom in the model, it is not usually practical 
to attempt a precise fit to the measured resul t s . Two-dimensional 
modeling was not applied in the interpretation of this survey, pr imari ly 
because of lack of t ime to produce a meaningful test. In any case, it 
was considred of l e s se r importance because of the fairly low degree of 
two-and three-dimensionality present . 
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Appendix B, Data Processing Procedure, continued.. . 

After producing 1-D models, model parameter - tes t s were made using 
program LAYERPXY, which solves the forward MT solution, to estimate 
parameter tolerances or confidence limits. 

Finally, a study was made to correlate the two- and three-dimensional 
propert ies of some of the computed MT resul ts with the interpreted 
geoelectric cross sections. This includes the apparent anisotropy 
evidenced in the RTE and RTM functions, the rotation angles, A(YZ), 
and the 3-D indicators ALPHA and BETA. 

IT 
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Table B-1 - Recording Frequency Bands 

Band Post Fil ter Sampling Number Frequency Range No. Runs 
(Hz) Rate (Hz) Samples Used (Hz) Recorded 

(Nominal) 

B6 

B5 

B4 

B3 

B2 

10-256 

1-25 

.1-5 

.01-.5 

.002-. 125 

1000 

100 

20 

2 

.5 

4096 

4096 

4096 

4096 

2048 

2.08-256 

0.208-25.6 

0.0415-5.12 

0.00415-0.512 

0.00208-0.128 

8 

4 

4 

2 

1 



Appendix C - Computer Programs 

This section gives a brief description of progreims: 

(1) MAGTAN2 

(2) INVERT 

(3) OPTMOD 

(4) LAYERPXY 

Additional information on program functions, data tape formats, 
e t c . , are available on request. 
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PiinPOSCt <MAOT»Nl> COMPUTES TENSOR IMPEDANCE METHOD MT RESULTS 
FOR S-COMPONENT E ANO M FIELO MEASUBEMENTS IN RECTANGULAR 

COOaOlNATES. 

COMPUTER AOAPTATIONI COC-6600 

SOURCE LANGUAGE« FORTRAN IV 
COMPASS 

NO. OF SUBROUTINES! *3 

CORE STORAGE REQMTI LOAO-155000 BASE-B 
NUN •1*5000 ttASE-8 

PROGRAM MAGTiNt (INPUT»0UTPyT,TAPEl»TA»»£2ftAPC3»T»PE« *^»5l 
• TAPE»«TAPET.PUNCH) •» , , •• 

•• OEOTR^NICS CoRP - AUSTlNi TEXAS USA •• 

2&Trta«^n4-

••i PROGRAM <MA8TAN1> ••• - FORTHAN IV * 

• MAGNETOTELLURIC «MT) ANALYSIS PROGRAM 
4 FOR TENSOR SURFACE IMPEDANCE METHOD 

ORfSOOlXOOl 

6EOT«ONXCS CORPORAttON 
AUSTlNt TEXAS - U.S»A» 

PERIPHERAL STORAGE AND I/OI 

TAPE UNITS- I 
DISK UNITS- 6 
CARD HEAOER 
LINE PRINTErt 

OPTIONAL I/O -
. TAPE UNITS- 2 
CARD PUNCH 
PLOTTER 

» FILE <TAPEX> (INPUT OATA - PACKED BINARY) 
» FILE <TAPE2-T> (Z-UNPKD OATA, '3-7-SCRATCM) 

• FILE «TAPE2.8> (2-UNPKO OATA. R-OUTPUTJ 
(SEt NOTE) 
(SEE NOTE) 

NOTE- OUMMY SUBROUTINES ARE INCLUDED FOR USER IMPLEMENTATION 
OF TAPEt PUNCH, AND PLOT OUTPUT. ALL OUTPUT 1$ 
CONTROLLED BY SUBR<OUTPTI>, COMPUTED RESULTS ARE 
AVAILABLE TO OUTPUT ROUTINES VIA COMMON BLOCK <SPEC>. 

SPECIAL -CORE STORAGE AREASt 
COMMON BLOCK <SPEC> - zsooo HORDS 

ROUTINES CALLED BY <MA0TAN1>I <TITLEI> 
<INHR£P> 
<P0itT2> 
<XF6RMX> 
«IPSP£C> 
<APSPEC> 

/ ' <T1TLE2» 
<MA<»TEL> 
<SPECAV> 
<0UTPT1> 

SPECIAL PROGRAM VARIABLES I 

P 

A.I 

S J J 



«TAPEIO> « INPUT TAPt 10 4 FOR <TAPE1> ANO/On <»*-^?»i 
<TirLE> - TAPE FILE (OATA SET) TITLE. 
<T:TLEA> . TITLE FUR AVtRAGtO HESULTS. 
<AttffC,0.E,H> - SRATCH At<HAYS 
<NFHEO> • NO. OF OUTPUT FREOUENCIES, 
<FR(I)> • OUTPUT FREO «RRAY- FKEO OF I TM WORD IN OOTpUT ARRAYS. 
<P<K,I)> • SIGNAL PoxEtl SPECTRA ARRAY- K TM COMPONENT* I TM FREO« 
<NSP(i)> . NO, OF INCREMENTAL SPECTRAL HARMONICS AVtRAoEt) 

IN EACH PtK»U, 

l»tNERAL« MOST PROGRAM VARIABLES AND PARAMETERS ARE OEFINED U THE 
SECTIONS THAT OESCRItlE THEIR USE, 

INDIVIDUAL SUBROUTINE HEADERS DESCRIBE T»JE PROGRAM FUNCTIONS 
. AND THE ASSOCIATEU PARAMETERS. 

t. SCOPE — 

A. MT MODEL AND BASIC RELATIONSHIPS! 

THE TOTAL ELECTRIC AND MAGNETIC FIELDS <C> AND <M> (FREO (F) DOMAIN) 
, AT POINT <0> ON THE EARTH SURFACE ARE CONSIDERED TO BE RELATED BY 

i, 

(1-1,2) «E> • <2><H> OR <H> • <Y><E> (EXCLUDING F-0»» 

WHERE <E>»<H> ARE VECTORS ANo <Z>.<Y> ARE DYADIC TENSORS REPRESENTING 
THE SURFACE IMPEDANCE ANO ADMITTANCE RESPECTIVELY. <Z> AvO <Y> ARE 
FUNCTIONS OF FH£0, THE FIELO SOURCE AND THE EARTH PARAMETERS, 

COORDINATE SYSTEM — 

STANDARD RIGHT HAND RECTANGULAR COORD SYSTEM (X»Y,Z-AXES| wITH 
•Z-OOWN fVERTlCAL AXISJ AND IHE ORIGIN AT POiNT <0>. THE X-AXiS 
IS IN GENERAL ROTATED CLOCKWISE (LOOKING IN •Z-0IRECTI0N| BY AN 
ANGLE (A) FROM THE REFERENCE XR-AXlS« WHERE •XR-NORTK, *YR-EAST« 
IN THE ROTATED COORD SySTEH <E(A|>»<Z(A)><M(A)>, ETC. 

MODEL — -

Z 8 0 - SEMI-INFINITE CONOUCTIVE.HALF-SPACE (SOLID EARTMl WITH 
GENERALLY 3-DIMENSIONAL INTRINSIC PROPERTIES. 

2 < 0 • FREE SPACE 

FIELD SOURCE — 

EM PLANE WAVE PROPAGATING IN •Z-OIRECTION (OOWNJ AND IMCIOENT 
ON 2«o SURFACE, ANY P O L A R K A T I O M I S ALLOWAOLE EXCEPT AT LEAST SOME 
DEGREE OF RANDOM POLARIZATION IS REOUIREO BY THE COMPUTATION PROCESS 



;a'. '?• • 

:yj 

--I. f 

•<Z> ANO <Y> ARE INDEPENDENT OF PLANE WAVE SOURCE CONDITIONS* , 

FIELO RELATIONS IN RECTANGULAR COORD S Y S T E M ' — 

FOR THE (X»YiZ-AXES) EQUATIONS (I-I) AND (1-2) BCCOM£ 

(1-3) EX(A) • rxX{A) MX(A» * 2XY(At HY(A) 
(!-•) EYIA) • ZYX(A) HX(A) * ZYY(A). HY(A) 

(I-S) MX(A) • YXX(AJ EX{A> • VXY(A) EY{A) 
(1-6) HY(A) • YYX(A) EX(») * YYY{A) EY(A) 
(1-7) HZ(A) • YZX(A) EX(A) • Y2Y(A) EY(A) 

. , ANOTHER MT RELATIONSHIP TO CONSIDER IS OgTAlNEO BY SUBSTTT<jTtN8 
(I-3>«(N*) INTO (1-7) 

(1-8) MZ(A) • KZX(A) HX(A) • KZY(A) HY(A) 

,. - REFERENCE INFO — • ' 

wORUtb.R.tH.W.SMITH,F<X.BOSTlCK»JR.« «AN INVESTIGATION OF 
THE MAGNETOTELLUR'C TENSOR IMPEDANCE METHOD", ELECTRICAL 
GEOPHlCS RESEARCH LAB.t TECH REPT NO. 82* UNIV. OF TEXAS* 
AUSTIN,TEX.11970. 

B. PROGRAM FUNCTIONI 

<MAGTANI> PERFORMS THE FOLLOWING FUNCTIONS (iN ORDER SHOWN) — 
-0- INPUT I/O CONTROL P«RAMETERS AND DATA ACQUISITION SYS. INFO, 
-1- INPUT TIME DOMAIN SAMPLED DATA REPRtSENTiNG ALL RECTANGULAR 
COMPONENTS OF <E> ANO <H> FOR THE REF COORD OlRECTlONS XR.yRt AND Z, 

. -2- FOURIER TRANSFORM ALL SIGNAL COMPONENIS. 
• -3- MODIFY SPECTRAL WINDOW TO HEOUCE SIGNAL TRUNCATION ALIASING, 

-*- SCALE OATA WITH GE-'ERALIZEU FREO FUNCTIONS - TO CORRECT 
FOR. DATA ACQUISITION TSANSFtR f UNCI IONS. ETC 

-5- COMPUTE INCREMENTAL'AUTO- ANO CROSS-POWER SPECTRA 
. . FOR ALL FIELO COMPONENTS. 

-(S- COMPUTE FREO BAND AVERAGE OF INCR AUTO- AND CROSS-POWER 
SPECTRA AND ASSOCIATED FHEU ARRAY FOR AVERAGED SPECTRA. 

-7- COMPUTE <E> ANO <H> POLARIZATION PROPERTIES. 
-«- COMPUTE <ZtA)> AND <Y(A)> ELEMENTS (AMPL AND PMASF) FOR 

. AeO AND FOR THE VARIOUS PRINCIPAL VALUES OF (*l. COHERENCIES. 
OI'^ENSlONAL PflOt'ERTIES (SKEW ANO ELLIPTICITY). AND INDICATORS OF 
COMPUTATIONAL STABILITY ARE ALSO COMPUTED. <Z(F.A|> IS ALSO 
COMPUTED FOR 10 OEGREE INCHLHENTS I N t/*i , 

-9- • OUTPUT RESULTS PER UUTPUT OPTION SELECT ARRAY "(I/O CONTHOU) i 

NOTE - THE FREO RANGE OF COMPUTATION FOR ITEMS 2-s IS THg ENTIRE 
RANGE ALLOWED BY SAMPLING CONDX. 

\.^\ 

IJ..,— PROGRAM OPERATION — 

A. INPUT ) 

. I- I/O CONTROL - «Cl> DATA CARD DECK 

-1.-f 

v ] 5 ^ 
. : J 



OATA - «TAPE1> PACKED BINARY TApE (BMR FoRMATXtl 5-CH OATA 
OR «TAPE2> UNPACKED BCD TAPE (8C " '-M)t SCT/FILE) 

3- AUX TAPE! 
MEAOER iNFO 

4- AUX SYSTEM 
TRANSFER FN 

<C2> DATA CARD DECK (OPTIONAL) 

<C3> DATA CARD DECK (OPTIONAL) 

<MAOTANl> MAX A NUMBER OF BASIC INPUT OPTIONS. A PRECISE OEriNTTIOM 
or THE OPTIONS AND THE VARIOUS CONTROLLING PARAMETERS IS PROVIDED IN 
THE DESCRIPTION OF CARD DECK <C1^. THE MAIN OPTIONS AREl 

(1) <TApel> OR <TAPE2> MAY BE USED AS INPUT. 
<TAPcl> MAY BE UNPACKED WITH OR WITHOUT FULL EXEC OF <MAGTANX> 
<TAPEl> HEAOER INFO MAY Be iNpyl FROM <TAPEl>,<C2>,0R A MIXTURE. 
AUxn.LlARY TRANSFER FUNCTION INFO MAy BE INPUT FROM <C3> FOR 
ANY FREO OOHAIN SCALlNtJ OF THE DATA. 

<TAPf1> FILES MAY BE SELECTED IN ANY ORDER. DATA RECOROS 
WITHIN A FILE MAY BE SKIPPED PRIOR TO READ. THIS FILE AND 
RECORD SELECT DETERMINES THE ORDER IN WHICH DATA IS PLACED 
ON <TAPE2> (WHICH MAY Ut EITHER A DISK OR TAPE UNIT). 

<TAPE2> FILES MAY BE SELECTED IN ANY ORDER, 
DATA SETS ARE PROCESSED INDIVIDUALLY, THE POWER SPECTRAL AVERAGE 
OF SPECIFIED GROUPS OF COMPATIBLE DATA SETS MAY BE COMPUTED 
AND PROCESSED, 

(2) 
(3) 
(A) 

(S) 

(6) 
(7) 

OAfA CARD DECK STRUCTURE I 

READ ORDER — I- DECK <C1> I/O CONTROL .READ RY <HAGTANI> 
2- DECK <C2(N)> (FOR DATA SET N),READ BY <MOHCROS> 
3- DECK < C 3 ( N ) > (FOR DATA SET N).READ BY <AUXMOD> 

- REPEAT THE <C2>«<C3> GROUP FOR EACH DATA FILE 
READ AND PROCESSED FROM <TAPEl> IN THE ORDER (N) 
SELECTED FROM <TAPE1>. EITHER OR BOTH <C2> AND 
<C3> MUST BE OMITTED IF THE CORRESPONDING AUX 
INPUT IS NOT OPTED BY <Cl>. FOR <TAPE2> DATA 
INPoT ONLY <C1> IS REQUIRED, 

X 

3 C 

O 5^ 



• x \ i . . SYSTEM F U N C T I O N — L, 

A StANDAPDIZED FUNCTIONAL FORM IS USED TO REPRESENT . .SYSTEM 
CHANNELS ANO THE NOS. OF POLES AND ZEROS ARt FIXEO. A Fl»EO NO. 
OF ZEROS IS PLACED AT THE ORlQlN AND CERTAIN POLE ALLOCATIONS ARE 
COMMITTED TO LO-CUT USE WITH THE ORIGIN ZEROSi LO-OjT POLFS NOT 
USED ARE TO BE PLACED AT TME ORIGIN. OTHER HOLES AND ZEROS ARE TO 
BE PLACED AT A HIGH ENOUGH FREO TO BE INEFFECTIVE IN THE PA S S BAND^ 
THE FOLLOWING NOTATION WILL USE« <J> 

<I> 
«AP(J)> - PREAMP GAIN - CHAN J. 
<AFO(JI>- POSTAMP GAIN - CHAN J, 

SYSTEM CHAN NO. 
POLE OR ZERO INDfX. 

V ^ 

<Kxiji» - SENSOR GAIN FACTOR. 
<KP(J)> - POLE-ZtHO NORMALIZING FACTOR 
<KI(J|> . POLE-ZERO NORMALIZING FACTOR 
<KF{J)> - POLE-ZERO NOHMALlZINO FACTOR 

<S> - COMPLEX FREO. 
<P(t»J)>- SYSTEM POLE, 
<Z(I»J)>- SYSTEM ZEKO. 

PREAMP. 
PLUG-IN FILTER. 
POST FILTER. 

•i'i 

\ 3 \ 
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<DFrJl» - E-LINF LENGTH ,METERS) 
< 0 A ( J ) > - AUX TRANSFER FN GAIN FACTOR* 
<PA(t.J)>- AUX TRANSFER FN POLE. 
<ZA(t,J)>- AUX THANS'^tM FN ZERO. 
<NPA(J(>- N O , AUX TF POLES - CH J 
<NZA(J)>- NO. AUX TF ZERoS - CM J 

PRO <X(I)>»I»1.N • X(1)»X(2)»,,,X(N> 

6P(J) • 

61 (J) KI(J)< 

SCNSOR-PRCAMP FN -

AP(J)«KX(J)»KP(J)»(S) fKX(J)"U.E-6)«0e'(J)»J"»»2 
. — — — — — — — — — i - , • j,o tJ"3»5 

PRO <(S-P(I.J))>.I>1.6 

WHERE KP(J)» CABStPRD <P(I.J)>.I"2»») 

P(l.j) - LD-CUT POLE. 

PLUO-IN FILTER FN -
PRO <S-Z(I,J)>»I«1,4 

PRO <S-p{I,j)>.I»7,lO 

WHERE KI{J)« CABS((PRO <P(I.J)>»1«7.10)/(PRO <Z(I«J)>.I>1*4)) 

POST AMP.FILTER FN -

AF0(J)«KF(J)«(S»»3) 

PRO <S-p{I»J)>.I.ll»l9 

WHERE KF(J)« CABS(PflD <P(1»J) >»I"U»X9» 

P(I.J)»I"ll.l3 - LO-CUT POLES. 

SYSTEM TOANSFE** FN -

80(j) • 6P(J)»6l(J)»6F(J) 

AUXIULIARY TRANSFER FN — SEE <AUXMOD> FOR INPUT DETAILS. 

PRO <S-ZA(I.J)>»I"1,N2A(J) 

PSO <S-PA(I,J)>.I"1,NPA{J> 

TOTAL TRANSFER FUNCTION REMOVED FROM DATA — 

60X(J) • 60(J)»6(J) 

SEE <POLYC0> FOR THE POLYNOMIAL REPRESENTATION OF <60X» AS 
IT IS USED FOR RESPONSE CORRECTION IN <FILTER>, 

A 

y ~ y 

CF(j) 

0(J| • GA{J) • 

e. OUTPUT I 

C ^ . . 
t.;^;:: 



OTMtR SPECIAL OOTPUT HOUllNtS. THE OUTPUT OPTION SELECT""ARRAY iloS> • 
(READ IN VIA DECK <CI>, IS CHECKED TO DETERMINE. THE OUTPilT STATUS, • 
ALL COMPUTED RESULTS ARE MADE AVAILABLE TO ' Wi> W/ COMMON <SPEC>.* 

SUBROUTINE «OUTPRNT> FOR LINE PRINTER OUTPUT IS PRESENTLY TNCLUDED. • 
SOBK<0UTCAR0>.<00TTAPE>,<0UlPL0T> ARE INSERTED AS BLANK ROUTINES FOR • 
THE USER TO IMPLEMENT WITH HIS OESIREO FORMAT. • 

SEE SUBROUTINES <MAOTEL>»<2FIT>,<OUTPT1> FOR OUTPUT PARAH DETAILS. 

Sv 



n: 

UriA 

i ^ ' 
IB 
r . 

r T r 

p 
c7 

I « 

-1 r 

if 

r 

T r n.r-
I 

lr 
-> «.-

a 
T r- "• 53f 

0 
r 

r 

^ 

5 

r 

01 
< 
(» 

•0 

(0 

•ft 

-i 

^ 

u l 

^ • 

-.• 1 . 

! 

.̂ .. 
• . i 

i . . 
• i . ': 

! 

t ' 

. . • ! ' 

. 1 

p . - . t 
; - , _̂  ' - : r — • . • - * • ^ • —.*f - \ , . .M.-

. . . • . -

i 
1 
1 

1 -
1 

• -

• 

i i 

t • 
• !•• 

\ 
P • 

• I - - -
• 4 1 

• 

t 
! 
1 

i 

; 
; 
1. 
t 

* 

1 
. i 

i 

! 
j-1 

1 
i 

. m 17̂  

p̂ tfi-
I. i .. L .1 L._J* L J L__J .L . . J^ L-
- - -•• >•-. - - - - - - !_• .:-• .T . r « _ . . a . •.•_ . « ; a . - , . i , . a . . . « . . .c _ s. S : . i s . . . - . . , - . . . . - . . . . . • ? . - . * . • . -

• 



RUr̂  VERSION "-^ —PSO LEVEL 3A3— 03/6^/75 

,\ -' 

\ '• 

p • • 

X X • 

: '.c . 

.. : ' -

• ' • ' . • • . : 

X: 
[ 

.,!•-' 

. • 

: • • 

'X[ 

: i ' : . 

-:D 
fi-^ . 
•h -
V: 
i \ 

>. 
'i ' 

' : • 

'::. 
jj 

S;' 
-,•;;. •. 

.;? 
•~.-. 

.•'v.- • 

: - ' : - • • • 

• : 

• • • : 

;,/i • 
' 

, 
-.'. 

^ . = • 

- -. 
- • ^ • - • 

c 
c 
c-
c 
c 
C" 

. c 
c . 
c 
c 
c 
c 
c 
c C"" 
c 
c 
c 
c 
c 
c 
c 

•"••' " c • 

c 
c 

"C" 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

- "C • 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROOTINi: OIJTTAPE (TITLE, lOS. 11 

SAVE TAPE FORMAT -

—HEADER RECORD— 

VARIABLE OR ARRAY . 
fLAGl 
NFREQ 

• " l o s • 

Tl 
I ? 

- n '•-• . -.-' . - : - - : ; • : : • ' • • 

DATE 
HOUP 

• ' M I N ' • " 

SEC 
HEA02(1-500) 

DATA RECORD— 

VARtARLF OR ARRAY 
FLAG? , 
NFREO 
PASSLVLS 
FR • 
NSP 
PP 
DFPC 
ELIPd -• 
lANC 
PHOC 
l A C " • • • • •• 

. COR 
PC 
IPC 

roc 
PRC • 

• •ANC ' - . 
COHC 
ANRC 
KMMC 
ALPC 
BTAC 
DELC 
Kzr ;.-:-•• 

- AKZ 
• ' C O K •• ' • . ' . ' • • - '-; 

ANK 
- . • B T A K ... : • .• • •• 

ixxc. -
IXYC 
lEXXC .. 

.:.. ' : \ - - ""-.--' 'v-̂ ^ t̂ -̂H 'V 

.12.13) 

WORD NUMBER . •• 
1 
? 
3—82 
«3 
«A 
BS 
86 
fl7 • 

RR 
B9 
90—5R9 

WORD NUMBER 
1 
2 
3—2? 
23—22.NFRE0 • 
?3*NFRE0—2?*2«NFPEO 
?3.2»MFPFO—22.27»NFRF0 
?3.27«NFPEO—2?*?9ONFRE0 
23.2P«NFREQ—2?*31»NFPF0 
23*31«NFRE0—??*33'»NFRF0 
23»33»MFRF0—2?.35»NFRE0 
23*3S»NFRE0—2?.37«NFPE0 
23*37»NFPF0—2?*t> «MhR5fl 
23*41»NFREO—2?.4S«NFPE0 
23*''.5«NFRE0—??.6PoNFPeO 
23*69»NFRF.O—22*53»NFPE0 
23.53»NFPE0—2?*58»NFRE0 
23.5n»NFPE0—??*ft3»NFRE0 
23.63»NFRE0—2?.«.R«»NFPE0 
23*6P»NFRE0—11*71 «NFREO 
?3*71«NFREQ—2?*73»NFPEQ 
23*.73»NFWEQ—??*75«NFRE0 
23*75«NFPE0—2?*78»NFPE0 
23*7B«NFRF0—?2*R0»NFREO 
?3*80»NFPEO—2?*R?«NFPro 
23*fi2»NFPfc"0—2?*n<»»NFRP0 
23.pfc»NFPEO—22*»55»NFPEO 
23*8S«NFPE0—22*Pft»NFPEO 
23*86»NFPE0—2?*P7»NFREQ 
23*fl7»NFREQ—22*105»NFREO 
23*10S»NFP50—?2*123«NFRSB 
23* 1 ?3»NFRE0—??* 12<,«NFRF0 

-,.--..; ' , • , . , , . : , . • : - . . - " - ^ = / - . - - • > . • 

OUTTAPF 
OUTTAPF 
OUTTAPF 
OUTTAPF 
OUTTAPF 
OUTTAPE 
OUTTAPF 
OUTTAPE 
OUTTAPF 
OUTTAPF 
OUTTAPE 
OUTTAPF 
OUTTAPF 
OUTTAPE 
OUTTAPE 
OUTTAPE 
OUTTAPE 
OUTTAPF 
OUTTAPE 
OUTTAPF 
OUTTAPF 
OliTTAPE 
OUTTAPF 
OUTTAPE 
OUTTAPE 
OUTTAPE 
OUTTAPE 
OUTTAPE 
OUTTAPF 
OUTTAPF 
OUTTAPE 
OUTTAPF 
OUTTAPE 
OUTTAPF 
OUTTAPE 

OUTTAPE 
OUTTAPF 
OUTTAPE 
OUTTAPE 
OUTTAPF 
OUTTAPF 
OUTTAPE 
OUTTAPE 
OUTTAPE 
OUTTAPE 
OUTTAPF 
OUTTAPF 
OUTTAPF 
OUTTAPF 
OUTTAPE 
OUTTAPE 
OUTTAPE 
OUTTAPE 
OUTTAPE 

2 
3 
4 

. 5 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
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'10 

C_ 
"C 
C-
C_ 
C 

lEXYC 
EPDCOH 
HPDCOH 

J A ^ 

)10 
)10" 
)10 
>10 

COMMON /SPEC/SP(8r93), 
1.DEPC<100.2).EL1PC<100.2) 
2COP(100.2),RC(100,4),RtPC 
3 COHC(100*5).ANGC(100.3), 
4(1 00.2).Ri<ZE(100.2).AKZ(l 
5PlXXC(100.ia).RIXYC(100.1 
6HPDCOH(100) 
COMMON /HEADER/ HEAO2(S00 

"COMMON /PASSLVL/ ARRAY(20 
DIMENSION T1TLE<8).RI0S(8 
INTEGER DATE.CLOCK 

23*124*NFPE0—?2*125»NFPE0 
23*125«NFRE0—22*126«NFRE0 
23*126«NFRE0—22*127«NFRE0 

F R ( 1 0 0 ) « R N S P ( 1 0 0 ) . P ( 2 5 . 1 4 0 ) . P P ( 1 0 0 < 2 5 ) 
• R I A N C ( 1 0 0 » 2 ) . R H O C ( 1 0 0 . 2 ) . R I A C ( 1 0 0 . 2 ) . 
( 1 0 0 » 4 ) , C O C ( 1 0 0 . 4 ) , R R C ( 1 0 0 . 5 ) . A N C ( 1 0 0 . 5 ) , 
R K M M C ( 1 0 0 . 2 ) . A L P C ( 1 0 0 . 2 ) . B T A C ( 1 0 0 . 3 ) . D E L C 
0 0 » 2 ) . C O K ( 1 0 0 ) » A N K . ( 1 0 0 > . P T A K ( 1 0 0 ) « 
8 ) » R I E X X C ( 1 0 0 ) . R I E X Y C ( l O 0 ) . E P n C O H ( i 0 0 ) . 

0 ) « I O S ( I ) 

V ft r>oj r ^ #_ 

OUTTAPF 
OUTTAPF 
OUTTAPF 
OUTTAPF 
OUTTAPE 
OUTTAPE 
OUTTAPF 
OUTTAPE 
OUTTAPE 
OUTTAPF 
OUTTAPF 
OUTTAPF 
OUTTAPF 
OUTTAPE 
OUTTAPE 
OUTTAPE 
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65 
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• 
ft 

• ft" 

ft 

« 
-ft--
ft 

ft 

SUBROUTINE MAGTEL(P.F.NSP.TITLE.NFPEO.NBlAS) 

•• GEOTRONICS CORP - AUSTIN. TEXAS USA 

SUBROUTINE •MAGTEL> - FORTRAN IV DRW50?2X0ni 

SFO" CALL MAGTEL (P.r.NSP.TlTLE.NFREO.NBIAS) 

'„ _ MAGTFL COMPUTES MAGNETOTELLURIC (MT) RESULTS 
F»».OM THE POWER SPECTRA MATRIX *P>. QUANTITIES 
COMPUTED ARE DESCMIHEO BELOW IN THE NOTATION 
GIVEN IN THE *MAGTAN1> HEADER. 
ALL OUTPUT OUANTITIES APE STORED IN COMMON •SPEC 
FOR FURTHER ACCESS BY OUTPUT ROUTINES. 

ft 

ft 

"•' 
ft 

"PARAMETERSO 
*P(J,I)> - AUTO- AND CROSS-POWFR SPECTRA MATRIX FOR 

FIELD COMPONENTS *EX.EY.HX,HY,HZ>. 
•"*."'" I- FREO INDEX 

J- COMPONENT INDEX 
" . SPEC COMPONENT LOCATIONS -

J= 

- f t -

« 
ft 

- f t -

ft 

ft 

".ft" 

. ft 

ft 

"•' 
ft 

ft 

- f t -

ft 

ft 

"ft," 

ft 

ft 

"•ft 

ft 

ft 

" f t " 

ft 

ft 

" f t " 

ft 

ft 

""•"" 
ft 

ft 

1-PFXEX lO-PEYFY 1B,19-PHXHY 
2,3-PEXEY n,12-PFYhX 20,21-PHXHZ 

_ 4,5-PFXHX 13.14-PEYHY 22-PHYHY 
• 6.7-PEXHY 15,16-PFYHZ 23,24-PHYHZ 

8.9-PFXHZ 17-PHXHX 25-PHZHZ 
(CROSS-POWERS ARF STORED WITH PEAL AND IMAG 
PARTS ADJACENT WORDS IN ORDER) 

NOTE 1-F-POWFR UNITS - (MV/KM)•*2/HZ 
___ _ H-POWER UNITS - GAMMA*»2/HZ 

E-H-POWFR UNITS - (MV/KM)»GAMMA/H7 
NOTE 2-THE COMPONENT ORDER GIVEN IS FOR *P> . 

UPON INPUT TO •MAGTEL>. THE *P> ORDER" 
" I S MODIFIED IN *MAGTEL> AFTER CALL OF 

*ZFIT> AND SOME INFO IS DISCARDED. THE 
UNMOOIFtFO •P(J.I>> INFO IS SAVED IN 
*PP(T,J)>. BOTH AWE STORED IN *SPEC>. 

"•F(l)> - pREO OF ITH WORD IN ALL OUTPUT ARRAYS (HZ), 
•NSP(I)> - NO. OF INCREMENTAL HARM ASSOC WITH *FR(I)>. 
•TITLE> - TITLE OF DATA SET. 
•NFREO> - NO. OF WORDS IN •FR(I)> (1*1,NFREO). 
•NBIAS> - NO. OF COMPONENTS IN •P(J.I)> (Jal.NBlAS) 

ROUTINES CALLEDO •ZFIT> 
_ _ •IDATAN> 

SPECIAL STORAGE AREASO 
COMMON BLOCK *SPEC> 25000 WORDS 

MT RESULTS (iOMPUTEOO (ARRAYS IN COMMON *SPEC>) 
" NOTE 1-SFE •MAGTAN1> FOR NOTATION, 

NOTE 2-1 - FREO INDEX (lal.NFREO) 
J - CONTENTS INOEX . 

-:x 

»•• 
ft ft 

ft . 

ft . 

• ft 

ft 

ft 

ft 

ft 

ft 

ft 

> ft 

ft •• 

,« 
ft 

ft 

ft 

ft 

ft 

ft 

ft 

- . f t 

ft 

ft 
ft 

ft 

ft 

ft 

ft 

ft -

ft 

ft 

ft 

ft • 

ft 

ft • " * 

ft 

ft 

ft 

• . 
ft 

ft 

ft 

ft 

ft 

ft 

ft • 

ft 

. ft 

• ft 

ft -
ft- . 
ft 

MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
M/tGTEL 
MAGTEL" 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL . 
MAGTEL 
MAGTEL 
MAGTFL 
MAGTEL 
MAGTEL 

- MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTFL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTFL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 

2 
3 
4 
5 
6, 
7 
8 
9 

10 

n 12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
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38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
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•9.:s-

ft 

• - « • -

ft 

ft 

• " l i 

ft 

ft 

" f t " 

ft 

ft. 

" f t " 

ft 

ft 

ft 

ft 

•"ft'" 

ft 

ft 

- f t " 

ft 

ft 

" f t " 

ft 

ft 

- f t -

• 
ft 

" f t " 
ft 

ft 

ft 

ft 

" f t -

ft 

"»~ 
4> 

ft 

• " f t " 

ft 

ft 

• " f t " 

e 
ft 

" f t • 

ft 

ft 

*NFRE<5> - NO. OF FREOS. 
* F n i l ) . > - F R E O . - 1 = 1.NFPEC) - (HZ) 

• N S P ( 1 ) > - NO. INCREMENTAL HARM AVGD FOR * F R ( I ) > , 

• P ( J . H > - POWER SPECTRA MATRIX - SEF AB()VE DESCR. 
. • P P ( I . J ) > - a • P ( J » I ) > PRIOR TO ANY MOD OF •P> . 

. ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

•DEPC<I»J)> - Jalf? - RATIO OF UN»0LARI2ED POWER TO TOTAL • 
_.: ..'''̂*'ER OF E AND H FIFLOS RESPECTIVELY. • 

ft 

•ELIPC(I»J)> - Jal.g - RATIO OF MINOR TO MAJOR AXIS OF • 
_ POLARIZATION ELLIPSE FOR POLARIZED COMPONENTS • 

•"••""OF E AND H(HOPIZ) FIELDS RESPECTIVELY. ft 
(• FOR RT HAND POLARIZ - CLOCKWISE WHEN • 
LOOKING IN •Z-AXIS DIRECTION) • 

•IANC(I,J)> - AZIMUTH ANGLE (DEGREES) OF MAJOR AXIS OF 
POLARIZ ELLIPSE FOR E AND H(HORIZ) FIELDS. 

0*RHOC(I.J)> 
0 
0*IAC(1,J)> 
0 •COR(I.J)> 
0 
"0"VIHERE 7X := EX/HY AND ZY = EY/HX 

J=1.2- APPARENT RESISTIVITY (APR PES) FOR 
ZX AND ZY RESPECTIVELY (OHM-METERS). 
Jal,2_ PHASE OF ZX ANO ZY (DEGREES). 
COHERENCY FOR (EX-HY) AND (EY-HX). 

(UNROTATFO CAGNIARD Z ) . 

•RC(I.J)> - J=l,4- APP RES FOR TENSOR *Z> ELEMENTS 
ZXX.ZYY,ZXY.ZYX IN OPOER (OHM-METERS). 

•IPC(I.J)> - Jsl,4- PHASE OF ZXX.ZYY.ZXY.ZYX (DEGREES) 
•COC(I.J)> - J=1.4- PHASOR COHERENCY FOR ZXX.ZYY.ZXY.ZYX, 

ft 

ft 

ft 

ft 

ft 

ft ' 

ft 

ft 

• ft 

ft 

ft 

ft" 

ft 

ft 

ft ' 

ft 

ft 

« 

NOTE—ROTATFD •Z> AND •Y> RESULTS IN THE FOLLOWING THE 
XY-AXFS ARE ROTATED AT EACH FREO TO ANGLE •A>=*A(Z)> 

" • FOP •Z> AND INVERTED •Y> TENSORS SO THAT 
CA4S*?XY(A)*ZYX(A)> IS MAX FOR *A>=*A(Z)>. THE XY-AXES* 
APE ROTATED FOR •YZ> (EOUATION 1-7 OF *MAGTAN1>) TO ft 
ANGLE •A>=*A(YZ)> SO THAT CAPS*YZY(A)> IS MAX (HZ IS • 
MOST COHERENT WITH EY). THE XY-AXES APE ROTATED FOR • 
*K7> (EQUATION 1-8 OF *MAGTAN1> TO *A>=*A(K7)> SO THAT* 

•• CAMS*KZX(A)> IS MAX (HZ IS MOST COHERENT WITH HX). ft 
FINALLY THE IMPEDANCES *ZTE> (E PARALLEL TO STRIKE)* 

. AND •ZTM> (H PARALLEL TO STRIKE) ARE SELECTED FROM • 
*ZXY(A(Z)»> ANO *ZYX(A(Z))> ON THE BASISO FOR THE • 
1ST AN 4TH QUADRANT PRINCIPLE VALUES OF •A(Z)> AND • 
•A(YZ)> -

•~~ IF(ABS*A(Z)-A(YZ)>.LE.45 OEGR) 

ft 

ft 

"f t " 

ft., 

ft 

••7TE>s*ZYX(A(7))> 
•ZTM>a*ZXY(A(7))> 

' :- • • IF(AHS*A(Z)-A(YZ)>.GT.45 DEGR) —*?TE> = *ZXY(A(Z))> 
*ZTM>=*ZYX(A(Z))> 

_^RCXr.J)> JT Jal«2- APR RES -• •ZlrE>.*ZTM> - •2> TENSOR 
," - " * • 3J«_ APP RES - •ZTE>,*ZTM> - •Y> TENSOR 

5- APP RES - •YZY(A(YZ))>- •Y> TENSOR 
(1,E.- APR RES FOP EY/HZ AT •A(YZ)>,) 

MAGTFL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MATTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTFL 
MAGTEL 
MAGTEL 
MAGTFL 
MAGTEL 
MAGTEL 
MAGTEL 
'MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
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57 
58 
59 
60 
61 
62 
63 
.64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
7ft 
79 

" 80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
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98 
99 
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101 
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105 
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109 
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• A N C ( I . J ) 

• C O M C d . J l 

• A N R C d . J ) 

• D F L C d . J ) 

> -

> -

J = l 
3 

J = l 
3 

J s l 

J = l 

. 2 -

. 4 -
5-

. 2 -

. 4 -
s-

. 2 -
3-

»2-

• A L P C ( I . J » > . - J = 1 . 2 -

• B T A C ( I . J ) 

•KMMC(1 . J ) 

• K Z F ( l . J ) 

• A K F ( I . J ) 
• C O K ( I ) 
• A N K ( l ) 

• B T A K ( I ) 

> -

> « 
> <• 
> « 
> — 

J = l 

J = l 

J = l . 

J = l 

• 3-

, 2 -

2 -

?-

. ft 

ft 

• 
ft 

ft 

ft 

• • 
ft. 

ft' 

ft . 

ft ' 

ft 

ft 

ft 

ft 

ft 

• ^ 
ft 

ft 

ft 

ft 

ft 

ft 

ft . 

ft 

ft 

ft 

ft 

• 
ft 

ft 

ft 

ft 

ft 

ft 

ft 

• 
ft 

ft 

ft 

ft 

ft 

ft 

ft ft 

• NOTE—REFER to PFFERENCE(S) GIVEN IN •MAGTAN1> FOR MORE • 
• DETAILED DESCRIPTION OF THE MT THEORY AND COMPUTATIONS' 
ft • • - • . . - - . ' . - • . . • • 

ft . • . • ft 

ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft 

PHASE - •7TF>.*zrM> - •Z> TENSOR 
PHASE - •ZTE>,^ZTM> - *Y> TENSOR 
PHASE - •Y2Y(A(YZ))> - •¥> TENSOR 
PHASOR COH - •ZTF>,*ZTM> - •?> TENSOR 
PHASOR COH - •ZTF>.*ZTM> - •Y> TENSOR 
PHASOR COH - *Y7Y(A(Y7))>- •Y> TENSOR 
*A(7>>-*Z> TENSOR, *A(7)>-*Y> TENSOR 
*A(Y7)> - *Y> TENSOR 
NORMALIZED DENOMINATOR TERMS ASSOC 
WITH SOLUTIONS FOW *Z> ANO *Y> RESP, 
(USED TO ASSF-SS COMPUTATIONAL 
STABILITY. *Z> OR •Y> ESTIMATE IS 
ACCEPTED IF tOELO .GE. *0. 1 > ) . 
TENSOR SKEW FOR *Z> AND •Y> RESP, 
DEFO 
• A|.PC> = *ZXX.ZYY>/*7XY-ZYX> 
(INDEPENDENT OF *A>>,. 

TENSOR ELLIPTICITY FOR •Z>.•Y>.*YZ>. 
RESP. DEFO 
•BTAC>=*Y2X(A)>/*YZY(A)>.*A>=*A(YZ)> 

NO.OF INDEPENDENT SOLUTIONS OF • 
*Z> AND *Y> RESP ACCEPTED AND AVGD " • 
TOGETHER - USING *DELC> ACCEPTANCE TEST* 
*KZX(A)>.*KZY(A)> PFSP FOR •A>=*A(KZ)> • 
(EOUATION I-R OF *MAGTAN1>) • 
PHASE FOR *K7X(A)>,*KZY(A)>»*A>=^A(K2)>* 
(H7-HX) COHERENCY FOR •A>=+A{KZ)> • 
*A(KZ)> FOR •K7> TENSOR • 
•KZ> TENSOR ELLIPTICITY. • 
DEFO *BTAK> s *KZY(A)>/*KZX(A)>» • 

• A>a*A(K7)> •• • 

MOTE—THE 
AND 
TO • 

FOLLOWING ARRAYS PERTAIN TO ROTATION OF •7XX> 
•7XY> BY 10 DEGREE INCREMENTS FROM •A>=-80 DEO 
A>a^90 OFG FOR EACH FREO VALUE. 

• I X X C d . J ) 

• I X Y C ( l / j ) > - J = 1 , 1 B 

• lEXXC( l ) 
• l E X Y C d ) 

ft 

. ft 

ft 

ft 

ft 

ft 

> - J=1.18- APP RES FOR •7XX(A)>» -en<A« + 90. DEGR • 
IN 10 DEGR INCR. (DIVIDED PY 10»»1XXC)» 
APP RES FOP *ZXY(A)>, -80/A»(*90 DEGR • 
IN 10 DEGR INCR, (DIVIDED BY 10*»IXYC)* 

> - DECIMAL EXPONENT FQO *IXXC>, • 
> - DECIMAL EXPONENT FOR •I/YC>, * 

MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTFL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTFL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 
MAGTEL 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
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ftftftftftftft 
ft 

"ft 

ft 

ft 

SUBROUTINE OUTPTl (T I TLF*lOS,11,I?.13) 
• «••»»»• a« »•»«»»« ft «««» O'O »«o««»o a «»««»««o »»•»«•» o«»« ftftftftftftft 

GEOTRONICS CORP - AUSTIN, TEXAS USA •« 

ft . 

ft_ 

~ft ' 

ft. 

"ft"' 

ft 

ft 

" f t " 

ft 

ft 

•ft' 

ft 

• 
""ft" 
ft 

ft 

"ft" 

ft 

SUBROUTINE •0UTPT1> - FORTRAN IV 

CALtOUTPUTllTITLEtlOS,11.12,13) 

DRW5014X00r 

OUTPTl CONTROLS THE OUTPUT OF *MAGTAN1>. ARRAYS TO BE 
OUTPUT ARE TAKEN FROM COMMON BLOCK •SPEC>. OUTPUT 
OPTIONS ARE CONTROLLED BY THE 1/0 SELFCT ARRAY *10S>, 
•10S> ALLOWS SELECTION OF ANY OR ALL OF A NUMBER 
OF PRINTED OUTPUT SUBSETS PEP SUBR*OUTPRNT>, PUNCH 
CARD OUTPUT PER SURR*OUTCARD>, AND MAG TAPE OUTPUT 
PER SUBR*OUTTAPE>. THE FLAG PARAMETERS * H > . * 12>. *I3> 
APE PASSED TO INDICATE THE IDENTITY AND STATUS OF 
THE DATA SET BEING PROCESSED. THESE MAY BE USED WITH 
*IOS> IN SELECTION OF THE OUTPUT OPTIONS WITH LOGIC 
ADDED BY THE USER. 
(PLOT OUTPUT BY SURR*OUTPLOT> MAY BE EASILY INCLUDED 
BY ADDING THE PROPER CALLING LOGIC TO *0UTPT1>. USING 
BLANK ELEMENTS OF *10S>.) 

PARAMETERSO 
•TITLE> 

•10S(N)> 

ft 

ft 

• -
"»" 

ft 

ft 

ft"' 

ft 

ft 

""ft"" 

ft 
, ft 
- f t " 

ft 

ft 

' f t " 

ft 

ft 

" f t " 

ft 

ft 

" " f t ' 

• 
ft 

- f t " 

ft 

ft 

TABLfe 
N = l 

2 
3 
4 

~ '• 5 ' 
6 
7 

' a 
9 

10 
.— 11 

12 
/ 1 3 

— 14 
15-19 

20 
"21-29 

30 
31-39 
40-80 
NOTE-

- DATA SET TITLE. 
- I/O SELECT ARRAY - (80 SINGLE CHAR ELEMENTS) 

I0S(N)=1 - ENABLE CONDX FOR ITEM N 
=0 - DISABLE CONDX FOR ITEM N 

OF PRESENT IMPLEMENTATION 01 *IOS> OPTIONS. 
- TITLE PAGE 1 - PER SURP*TITLF1>, 
- TITLF PAGE 2 - PER SURR*TITLE2>. 
- DECODED TAPEl HEADER INFO - PER SUflR*TFOUT.>. 
- BLANK 
- ENABLE CALL SUBR*OUTPRNT> - CK 10S(N),N= 6,19,» 
- E-H FIELD ftUTO-POWER SPECTRA. -•0UTPRNT>.« 
- E-H FIELD POLARIZATION PROPERTIES. 
- Z-SCALAR RESULTS - UNROTATED, 
- Z-TENSOR RESULTS - UNROTATED, 
- Z-TENSOR RESULTS - ROTATED. 
- Y-TENSOR RESULTS - ROTATED. 
- HZ-PELATIONS - ROTATED, 
- Z-TENSOR AXIS ROTATION - FREO MAP 

-*OUTPRNT>.» 
-*OUTPRNT>.» 
-•OUTPRNT>.ft 
-*nUTPR!JT>.ft 
-•OUTPRMT>.ft 
-•OUTPRNT>.ft 
,-*OUTPRNT>.ft 

PRINT SETS 5,13 FOR AVG RESULTS ONLY, 
BLANK . 
ENABLE CALL SUBR*OUTCARD> - CK 
BLANK 
ENABLE CALL SUBR*OUTTAPE> - CK 
PLANK 
BLANK 

ft 

ft 

lOS(N)•Na21.29,» 
ft 

I0S(N).Ns31.39.ft 
ft 

(MAY BE USED FOR ADDED OPTIONS), • 
IN PRESENT USE *IOS> ELEMENTS HAVE ONI.Y 2 STATES* 
•0> AND •!>. THE USER MAY INTRODUCE STILL MORE • 
FLEXIBILITY BY IMPLEMENTING THE USE OF MORE • 
STATES. ANY OR ALL OF THE ALPHANUMERIC CHARACTER* 
SET MAY BE USED. « 
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• 
~ft-
«' 
ft 

~ft " 

ft 

•1J> - OUTPUT OATA SET STATUS -•OV-SINGLE DATA SET. • 
" ' • - • - • . • *1>-GR0UP AVERAGE. • 

•I2> - DATA SET GROUP INDEX (*J> IN •MAGTAN1>). . » 
•I?> -̂  DATA SET INDEX IN GR0UP*I2> (•!> IN •MAGTANl>.ft 

ft 

'ft 

ft 

ft 

"ft' 

ft 

ft 

ft' 

««« 

ROUTINES CALLEDO •0UTPRNT> 
•0UTCAPD> 

'' "——---- • •0UTTAPE> 

SPECIAL STORAGE AREASO 
COMMON BLOCK ^SPEO -i 24828 WORDS 
NOTE - SEE SU8R*MARTEL> AND SUPR*ZFIT> FOR 

OFFINITION OF OUTPUT ARRAYS IN •SPEC>, 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft «0« ft ft « • • ftft ft«« A « «e ••«««• t« A MM MA •««<!««« « « « « « « « « » « « 4* J<<«l>««»«««««4IO« 

OUTPTJ 
OUTPTl 
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OUTPTl 
OUTPTl 
nilTOTI 
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ft 
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ft 
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ft 
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ft 
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ft 
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ft 

ft 

SURPOUTINE OUTPONT(TITLE.lOS.I1•12.13) 
• ftftftfteB»ft«»»'»»»»«»»»*«»«ft««»o<>»««i>««a«B««««l>«l,«««D^0fi,«fii(««l^ 

•• GEOTRONICS CORP - AUSTIN. TEXAS USA 

SUBROUTINE •OUTPRNT>V; FORTRAN IV. 

USED CALL 0UTPRNT(TITLE.I0S.tl,l2.I3) 

_ THIS ROUTINE PRODUCES LINE PRINTER OUTPUT FOR RESULTS 
FROM .•HAGTEL> AND *ZFIT>, WITH APPROPRIATE TITLES AND 
COLUMN HEADINGS. 

PARAMETERSO 
•TITLE> 
• IOS> 

«« 
ftft 

ft 

OSR1025X00r • 
ft 

ft 

ft 

ft 

ft 

ft 

ft 

* l l > -

• I2> -
• I3> -

TITLE OF DATA SET - FORMAT(8A10), 
OUTPUT OPTION SELECT ARRAY. 
(SEE HEADER FOR •MAGTANl> OR *0UTPT1> FOR 
CURRENT IMPLEMENTATION OF OPTIONS) 
TYPE OF DATA BEING CURRENTLY PROCESSED 

0-SINGLE DATA SET 
1-AVERAGED RESULTS 

NOT USED. 
NOT USED. " 

ROUTINES CAL.LEDO NONE-

SPECIAL STORAGE AREASO 

COMMON BLOCK •SPEO - 22993 WORDS 

DESCRIPTION OF OUTPUT. RY HEADINGSO 

"ALL PRINTER OUTPUTO 
NO, - THE LINE NUMBER. CORRESPONDING TO THE ITH FREO, 
FREO - FRd) - FREQUENCY (HZ). 

~" NHARM - NSPd) - INCREMENTAL HARMONICS AVERAGED. 
E-K( FIELD AUTO-POWER SPECTRAO 

EX -

E-H 

PEXFX - PPd.l) 
PEYEY - PPd.l0) - EY 
PHXHX - PP(|,17) - HX 

•" PHYHY - PP(I,?2) - HY 
PHZHZ - PPd.25) - HZ 

/ 
FIELD POLARIZATION PROPERTIESO 
EDEP - DEPCd.l 

AUT0-P0WER-(MV/KM)ftft2/HZi 
AUTO-POWER-(MV/KM)ft»2/HZ. 
AUTO-POWER- GAMMA»»2/HZ, 
AUTO-POwEP- GAMMAftft2/HZ, 
AUTO-POWEP- GAMMA»ft2/HZ, 

1) -. 

EELlP - ELIPC(I,1) 

EA - TANC(I.i) -
HDEP - DEPC(I.2) -

HELIP - E L I P C d . 2 > 

HA - IANC(I»2) -

E-FIELD DEPOLARIZATION - RATIO OF 
UNP0LAPI7ED TO TOTAL POWER 
-E-FIFLD ELLIPTICITY OF" 
POLARIZED POWER COMPONENT 
E-FIELD POLARIZATION ANGLE (DEGR) 
H-FIELD DEPOLARIZATION - RATIO OF 
UNPOLARIZED TO TOTAL POWER 

-H-FIELO ELLIPTICITY OF 
, POLARIZED POWER COMPONENT 
H-FIELD POLARIZATION ANGLE (OEGR) 

ft 
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'ft 
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ft 
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ft 

• f t " 

ft 

ft 

• ft" 

ft 

ft. 

" ft" 

ft 

ft 

" f t 

ft 

ft ' 

"ft" 

ft 

ft 

-SCALAR RESULTS 
" " PX(PH)COH -

- UNROTATEDO * 
RHOCd.D.IACdrl) ,CORd.l) - APR RES , • 
PHASE. AND COHERENCY FOR ZX a EX/HY, • 
(CAGNIARD SOLUTION) » 

RY(PH)COH - RH0C(|.2) ,IAC(I,2).C0Pd.?) - APP RES . • 
PHASE. AND COHERENCY FOR ZY = EY/HX. • 
(CAGNIARD SOLUTION) ; * 

'.'•'. • - ' X X ' . ' : - X : ' . ft 

Z-TENSOR RESULTS - UNROTATEDO • 
RXX(PH)COZ - RCd.l).IPCd.l).COC(I.l) 

PHASE. AND PHASOR COH FOR 
OF *Z> TENSOR (UNROTATED) 

RYY(PH)COZ - RCd.2)'.TPC(I.?).C0Cd.?) 
*•"' PHASE. AND PHASOR COH FOR 

OF *Z> TENSOR (UNROTATED) 
JRXYIPHICOZ - RC(I.3).|PCd.?).C0Cd.2) 

•• PHASE. AND PHASOR COH FOR 
OF •Z> TENSOR (UNROTATED) 

RYX(PH)C02 - RCd.4),IPC(1.4),C0C(l.4) 
.. * PHASE. AND PHASOR COH FOR 

OF *Z> TENSOR (UNROTATED) 

- APP RES . • 
ZXX ELEMENT • ft 

ft 

- APP RES t ..* 
ZYY ELEMENT ~ • 

- APR RES . 
ZXY ELEMENT 

- APP RES , 
2YX ELEMENT 

Z-TENSOR RESULTS - ROTATEDO 
RTM(PH)COZ - RRCd.D.ANCd.n.COHCd.l) - APR RES -i 

•• • • . ^ ' PHASE. PHASOR COH - E REPP TO STRIKE 
RTE(PH)COZ - RRCd.2) .ANCd.2),C0HCd.2) - APP RES i 

PHASE. PHASOR COH - E PAPAL TO STRIKE 
A(Z) - ANGCd.l) - ROTATION ANGLE FOR PRINCIPLE AXES 

OF •Z> TENSOR (DEGREES) 
N - KMMCdfl) - NO. OF INDEPENDENT •Z> SOLUTIONS 

AVERAGED 
•Z> TENSOR SKEW 
•Z> TENSOR ELLIPTICITY 

NORM DFNOM DETERMINANT FOR 

ALPHA - ALPCd.D-
BETA - BTACd.l) -
DEN - DELCd.l) 

*Z> SOLUTIONS 

Y-TENSOR RESULTS - ROTATEDO 
"̂ "RTM(PH)COZ - RRCd.3).ANrd.3).C0HCd.3) - APP RES i 

PHASE. PHASOR COH - E PERP TO STRIKE 
RTE(PH)COZ - RRCd.4) ,ANC(I.4).C0HCd.4) - APP RES i 

PHASE. PHASOR COH - E PAPAL TO STRIKE 
ROTATION ANGLE FOR PRINCIPLE AXES 
TENSOR (DEGREES) 
NO. OF INDEPENDENT •Y> SOLUTIONS 
AVERAGED 

ALPHA - ALPC(I.21 -•Y> TENSOR SKEW 
BETA - BTACd.2) - •Y> TENSOR ELLIPTICITY 
DEN - DELCd*2) - NORM DENOM DETERMINANT FOR 

•Y> SOLUTIONS 

A(Z) - ANGC(I.2) -
' OF *Y> 

N - KMMCd.2) -

ft 

' ft' 
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ft 

ft ' 

ft 

ft 

ft 

ft 

ft 

ft' 
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ft 

ft 
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ft 

ft 

ft 

ft ' 

ft 

ft 

ft 

ft 

• ft 

ft 

ft 

ft 

ft 

ft 

ft 

HZ-PELATIONS - ROTATEDO » 
RZTE(PH)COY - RRC(I,5).ANCdf5).C0HC(I.5) - APP RES t » 

. ~ ' ~ " PHASE, PHASOR COH FOR Y2Y(A(YZ)), • 
AIYZ) - ANGCd*3) - PRINCIPLE ROTATION ANGLE FOR •YZ> * 
BETA -«• BTACd,3) - ELLIPTICITY OF •Y2> • 

OUTPPNT 
OUTPRNT 
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ft 

>-
ft 

ft 

"ft". 

ft 

ft 
Z-TENSOR 

KZTECPHICOK - KZEd,l),AK2d^n.C0K(n- KZX(A(K2)). • 
PHASE. AND (H7-HX) COH FOR •KZ> TENSOR • 

A(K2) - ANKd) - PRINCIPLE ROTATION ANGLE FOP •KZ> • 
BETA - BTAKd) - ELLIPTICITY OF *KZ> * 

"' '• . ' • - ft 

MAPO PLOT OF RXX (TOP LINE)* 
VS. A (DEGR) AND FREO (HZ). • 
LEFT OF 3 DIGITS (LEADING • 
EACH R VALUE . MULTIPLY EACH » 

AXIS ROTATION-FREO 
•AND RXY (BOT LINE) 
DECIMAL ASSUMED AT 
ZEROS OMITTED) FOR 

: \ , 
" f t " •] ':' '^ • ^ - ft 

ft«ftftft»ftftft»ftftftftftftftftftftft«»ftftftft»«ftft»«»«ft»««»««ft»«ft«"ft««ft»««ft««ftft»«ft«0ft 

VALUE BY 10 TO EXPONENT AT END OF ROW. 
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Appendix C> Computer Programs, continued.. . 

(2) INVERT - produces an approximate one-dimensional 
inversion of an apparent resistivity and associated phase function, using 
an anal3rtical approach. The output is a continuous function of intrinsic 
resistivity vs . depth and represents a vertically smoothed version of 
the rea l vert ical profile. This, like any MT inversion is more sensitive 
to conductive zones and -will tend to underestimate or ignore electrically 
thin resist ive zones. 

(3) OPTMOD - produces a one-dimensional N-layered model 
by least squares fitting the complex impedance functions for the model and 
the measured data, with respect to all model parameters , for up to 
N = 10 layers. 

(4) LAYERPXY - produces the forward MT solution for a one-
dirtiensional layered model and plots the model apparent resistivity and 
phase with the like measured functions for comparison. Results for 
permutations of a number of values for one or two model parameters 
can be produced to examine the effect of a parameter change. 
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Ŝ - ^ ' • " : £ • £ • • 
V • - - ; ;1 • - -

c i 
CT ; ; 

ce :• — 
i 

i ^ - - — - • .-... 
^-1 1 j 1 -] 1-4— - -i-i-L 4-H- -

- * • _ • ' , , , , . M . J . 

t . , , J 

-#: - t ^ i t- X —±1^ ^ ., ^ T C 4 . < - -

^ -

»"+:it::;i:::: n i 
1 ' :.i 1 1 ' ' 1 1 " ' 1 1 1 k=fei 
-̂  ^ " ^ • ••" : i t i 5 : 

1 ! 
« • ! • 

'In ^ Vi T 

" t —1—t—1 r—rH—I 1 11 1 H 1 - " r 4 - - 4 - ^ -
^ — . 1 | . - ^ -,—i--f4-t--

z> 1 ' 
a . , . - 4 - - . - ^ . + . . 

^^ 4 J ^ .. -t..L-, i -
3 / I 
Q!/ 1 • 1 ̂  1 1-^ -"H4--\4a44 

cn'" " t • ": i t ::£:sji i : 4 4iL..l 

i W ^ • r J 
-'A^-f^=tx~^"=t=" T H ^ I 

' • • 

! > - - i _ ^ . - 1 — i . ^ - i - , - i _ f . 
: 1 — , _ , 

r - 4 - -
• 

lO 

o 

o 
0» 

IO 

(M 

o ^« 
O M 
— X -

>-
o 

•z 
Ul 

o 
. UJ 

IO 

I 

Hinwizv sixv-x 

O O IO c 
o » — • -

• - I - -

X3QNI QC 

m 

• f : • . - • j -

It̂ -:" 

^ : : : : 

• 0 

I:.ill 



PHA^E 

w. 

—" ' - S * . • . ^ t ' l U l M . I 

f . 

o . 

o. 

o, 

(Ul 

-t-.'-:i 

. •'. a 

>1:: • ^ O 
•;-"r.. : . ' C 
;:."?".• t n 

3; C 

E: - °o 

a.-

9. 

•«—B^ 

^-L 

-H-

t 
9 T-i 

K/f7 
•f—1—u 

7-^ 

tf-JV*'^ 

^ 

y*»«« 

i ^ T T 

APPARENT RESISTIVITY lA-m) 

X T 

- M -

J-M-

- i - " * -
»t<*t 

1-1 

-T«*9^J 

l«l 

-nr ;:f<J!: 

I I I 
; I I 

Vj4Ht---H| 

- • » » ( > • ; — > r~!~! -
— A ^ . . i j , • 

I »^-« I 

- ^ ^ > : 
•JJJX^ 

1 •\0> 

A*" 

±5[: 

4-H-

it 
1 
i" 

i W 

f 

I- I ! ' I Q 
ro 

f 
I 
3"? 

i=tt 



m 

— m̂ 

Q L i - i 

t^-ii •^v- ] 
r -4- A" 

- c{^ 

1 i 1 

•yi i-l.. 
OT ! ? 
Ol j ! 

• 3 

21. 
:f 

M-r-r--
Q 1 • 
H 
!§' 
^, 

T 

1 

" H i ' ' 

rrX • v. r : 

•• J H 
r 1 

• ? 1 1 

B ^ — l -
_ ^ ^ T ^ 
" " _ ! • 

• • • ' ^ ' • 

J ' ^ 

-4i[ 
(dj_ 
• X ^ I " 

1 1 
1 i 

o 

• • — 1 — — 1 

H 1 
T 

1 
-iL-
i!--

h 
1 

1 ' ' '• 1 H'-l 

1 . 
1 

. 
/ i 

\ 
1 ' ' ' — ^ — { ' j t 

•• 
I 

1 
1 

1 
1 

V \ 
\ 

, • 

• 

i 

. . , _. , . 
—I—f̂ — 

1 

1 i • -r-

pn—zii l 1 . ' 

^ - j j r 

i 
ii i 

1 • 1 ! 

i - 1 i I!" 

— 

! 

1 

- • 

\-^~r^ 1 
1 • 
! i 
; 1 

. 

1 

• • I 

" — ^ • t -T" ! 
1 ; 1 1 ' 
; 1 
; - I 

; ! 
V . 1 i. 

\i i 
\ ! 

• 

Y 1,, 
•7—^"1 

1 
1 

1 j 

'x / 

f 

» 

-

- r f ; ' - ' • • 
1 J ; ' 
-7H—i—! 
/I ' 
I 1 • 1 ! 
k i 

[\, 
^"V^\— 

i 

1 

• 

• 

, 

-
1 . : — . l - J 

! " l \ : >( '! 11 
: * 1 1 1; 

• 
i 

" 

+ - — - i — 

i " t 
1 

7 T 

I 
; 

M p 

• ! 

* 

i 
j 
1 

• ' . • 

-—f j 
1 i 

• 

i 1 I — 1 — 1 

' i 
1 ' 

i ; 
i ; 

1 

1 
-

' 1 i 1 

• 

• j 

i 

_ i — _ ^ — 

'• 

1 
! 

1 

(u i - tT) A i l A l l S I S 3 a l N 3 M V d d V 

• 

. 

1 - • 

.-• t 

— 
— 

1 
1 • 
t 

- n ^ / - ^ 
I t / : ! 

1 J-
I 

••• l j 

' /i 
I I 

/t 
' i 

- "T—i- : i i i 

• 

' ; 

i 

r ! 
1 : 

• 
~- i , - \ 11 ; 

— 1 

' \ ' \ 
i V • • -
• \ ' 

\ ; 
\ 

I[S 
I 

' 1 ' 1 ' f 
i i i i / 

; 
! 
1 

• V r 
• V ' t-
> / 

/:/ 1 
! / / ! 

"in—V — • \ * 
1 : \ ! 

— 

i 

i 

'—r 
1 

1 I 
1 
» t 

1 

1 

1 
i 
1 

J—)--l—. 

' i 

1 

i 

•10 

3 $ V H c 

- [—- ' -

. ' "0 

0 

• 

— r - ° 0 -
I •• X . 

0 
. z 

- f - lu 
3 . • 
UJ 

_ tc 

-

CM 

T ^ ' 0 -

• • 

10 

• 0 . 
-J "1 . 

• 

" 0 

'̂ tp' 

-^JL ' ^ / 



9 0 

JE 46 

z 
M 

to 
X 

T - 4 5 
X 

X 
Ul a 
z 
o 
IO 

- 9 0 
—-

, ,, 

—. - —. 

- • : 

: — 

- -1 

.. .-
., 

• 

" • 

_J 

^ p d o L I j a 

• - J L 

P', •_ 

p 

• 

' n • 1 

« 

1 

"—' 

-A-\ 
— i . . . _ 

,. 

-. 

1 1 

_ . . - ^ C 
% v i , | , . j . ^ 

1 I l — • — 

P 
111 

k e t./\)sz\Jtxeiciu^ 
K * . 

^ . V 
1 

\ 

f" t ^ 
' 

- - — , - t < 

» 

. * 
• ft I.A.»_ 

. •K-^ -^ 

1^ \ 

.. - —%... 

« 
,1 

c* 
• 

r 
1 

. „ 

» 
\ 

— • > 

N 

f r 

1 9 

\ - -

hr - - -
1 *_ 

[ h 

'.' 

1 
_^ 

— f- _ 

ff4^ 

s^i'f^.. 
' If 3 ! i " " — • ' - ^ 

— 

— ._A—^^ 

• c » -

"̂7 r 

A 

" 

— c 

- • • * . -

M r 

f 
f 

^ 
»- ' 

P 1̂  
' S 

t 

1 

\ 1 
i 

\ 

i_* 

lr 

. . . _ ^ i . . ^ 

I* 1 

|» 
y " " 

L ^ 
. * 

•• 

-.. 
- , 

» ' 
, 

Ukf^ 

4 

, — 

."-» 

* 

—» 

IT: ' " : 

, ^ _.-

it 

. 

— 1 

* 
v - » - - * 

/Sd* j 

..... 

_.. 
— -

_ -. 
- - r 

sJ 

— 

. 3tf-p 

— - • -

_-
— —.. 

' 1 

.(dL 

. . . 
..-. 

p 

. : -

: : 

10 
-4 

10 10 lO''. 10' 

FREQUENCY (Hz) 

10 10 10* 

^f^'^^''''Wx^^^^"^':^^ixr^: 
.- - ' .- i'..- <-• f , ; . 

' .- ' . . . : • . ' , 1 , • - - * • * » • ' , • <^ 
'-. • . • ; . . j - . ' , - ..- -v i 

• ' - - • • - , -

- r ^ . iP.-
L ^ 



] • • 

:i 

3 . 
Z 
N 
< 

(O 

X 

< 
' I 
X 

X 
Ul a z 
Q 
IO 

9 0 

4 5 

b 

A K 
^ 9 

90 
10 
• 

•5 

- - . 

. — 

k 

- M 
... _ 

, ,• StOc/cL L a P i o A)M>tiatrla 
^ • r - ^ 

V 1 
/ / ^ 

1̂  / 

—.-«_— 
, 

-
. 

/> 

• ^ \ 

- x x ^ 
—1 
- — 

h î  V 
• . . » 

L ' •- • 

I'i 

._ ^ .... 

• l " " ^ - - - ^ 

-.... 
/ 

/ 
/ 

/ 

. 4 — L 

f/^cm-

r— 

^ ' ' 
p 
— . - _ _ 

s,v* 

— 
....- — 

— _ — 

— — 

^, _ — 

-f , S i r t a o ^ \Jah) 

• ^ 

: — « . _ = 

V 

11" ""̂ ^̂ l̂— 

— -. 

: : : . 

' 

— 1 — 

M fha^^o4-^ 

... —,_... 

~+- -\ 

.... — . — 

1 

— 

— 

J , 

nz 'zzzz 

.. . 

. . . 

— 

1 

4:; 

- 1 -

iil 
.10 10 

r5 
10 

-2 I0-' 10° 

FREQUENCY (Hz) 

10 10 10* 

• ; i>w».ri-.By»f<y^yTytyiiJwn»<it-r^fi-it-«v--: - . • • .i.-;,/,t*..-j.-

' • ' • ' ' ^ . ' Xx . f .% 



• ' - • 

X ' - ^ 

, 

! - • 

-

- • 

C ' l - , - •• 

• -. ; t 

•-... 
; • • -

• '-' 

; • ' . ; ; : • ' _ • 

'•--P!:P-

ip-- -

• ^ - • ; . ^ ' - - ' • • ' : • : • ' o l • • - ' ; . ' • • • . • . ; . • ' ' ': 

PHA§E i ^ : APPARENT RESISTIVITY (A-m) 
-- ^ . y)'• 

9 . <% o . ' Sk ^ . 
o. 

• ' • . i ' 
' . 1 

—j—1—r 

- W -

. • - I 

1 

o, 
i\> 

11 
i .y 

D' 

_ o , ' w -

-.:r-.- m T. 

•-•X 5 -
^-.vr^Ti--. ^ fc 

x . " ^ . • - • - ' '•• 1 

"uJJ--• ' i 1—i 
•*-r '•' H ' t r ^ , ' ! 

: P •̂ ' 
- » • : — 

. i r ' - t 

- -J Vj 
. .* '• '• ^ 1 

.\̂ : p^ _ —EI .—. 
-:-;̂ ^ . <=L ' 1 ' 

• r 

- • ^ • - ? « 

. . - • . . 

.^;.;,:-: S-

'. i - ' ' -• - • . 

- £ i - ^ -

., . 

• • " ' 

. v : i " 3 . • . . ; : • " = ! . • . . . 

I - . -

. 

' i 
' • 

j—u^ 
! 

I - i ' 
* J I ; 
• J 1 r '• 

^ v | 
S »} ' 
-"*,'. 
ii I I ' 
jui-

,^ ' 
' . ' • \ 

i 
• - ^ — ! ' ' 

' 
I 

i l 
it 
i 1 
yi '•- ' 

; i 

==^ — P 

-X-
N 

1 1 
: 1 1 

1 

1 
j 

j 
L— 

I I I 

t 
1 

: * •«• i i 
- - ^ 1 -

- r̂— 

• 5 ^ 
1 ^ t * * 

**+ * : 

1 1 

1 
: 

, U-, 1 . 1 

i 
1 

i 
! 

_ L . i ! 
r « i ^ 1 i ! j 1 

- M * - * 1 I ' l l ""TW» ^ 

'"Z. 
f 

1 

. 1 

i • 1 : 1 1 1 
. i ^ J • MM 

. 

i. 

_ 

-4 
I -

> ' V 

j 
i 1 

• i 
I I I 

U 
LL"J_J 

. 1 \r\ X"; j 1 i 
>i X A I ^ : M 

i • • V ' X : i 
\ V • <.X ' ' 

• X I - V. -1 • '^ 
1 , ^ > ^ = _ v " ^ 
- 1 ^ 

• 

\ 

T 

-Ma-j 

• / . " • 

i ' '• I - ' I iT , 
r -* i » o4 , i j 

J AV^ 4 - J_ 
r+^ • •a . * ' ^ - ^— 

\*.«\ 1 

1 « 4 ! 

i \ • 

!' '"••f* 
^r^'*X 

1 : -d 
• • i ! ' ^ ' • 

. . . 

—.̂  -

i\ 
J i 

«4 

1 i 

— • M !• 

i 
I 
I 
i 

i 

1 
! 

^ - ^ • • 

P \ 
H \ 
' • s 

V \ 
, \ \ 

I *. 

i i 
1 
1 1 

N, 
\ 

\ 

1 
i 

• ^ , i 

c ! 

\ S I : '• i 

^--^V^ 1 1 1 
t 
1 
i 

i 

I 

I 

-

. 
1 

« 
i * \ , 
1 ^ 
g^-\ 

4. 
1̂? 

l i ' *•* 
1 : 

h 1 < ^ 
- ^ 

1 

• 

1 1 

1 
; 

1 • h 

', 1 
1 

1 

• _ ! ' _ 

' \ 
1 

1 
1 

f - ^ 

i-
j - -

M 

L 

!. 

1 
- i - r . • 

M-
- ^ 
.UK 
-iir 

. i l - ^ • 

1 ^ 

11!^ 

• ! ^ 

i i 
.J L 

--M- â -

r 
• ^ 

' 1 1 
X A 

: :: I 
,.i , 

. 

i 
- - L . •x^ 

^ 
- — L 7 ; . - 7 - '—C> 

is '̂  
JCl-. t v i IN VT) 

J ^ w 
LlJ_ft 1 

- ^ t L ^ T l iaS'-̂  Ell 
L K ^ 



u:-^-

PHA§E ,-
I 

APPARENT RESISTIVITY lA-m) 

rft' 

CI 

11-. 1 

• ' • x j 

°. 
•' 9 rn 

•°' 1 

, 1 

2" Lut 

<̂  r~h~r - ^ I I I 

^ HT"!" 
^^orTj-

o_-j--

So, j 1 

. - . 9 - ^ 

» a . 

!- '^i l t 
1 1 3 

i - LU«5 
n RH-1 I I I 1 

4-f^H-T 

| i f i iK̂  '̂  
luS3i-u 
jlt|\^i^ 

1 *I1 " 
1 : \ Tf 

A H i—TH— 

1 il /̂ ' 
1 Ip/1 1! / i 1 
1 ^ H i 
¥ • • • ' 
' p i \ . \ ; 
4p^uL-L 

i * • : ! • 

t l ' 1 1 

1 ^ . ' 1 ! M \ \ 
1 V . 1 

M r • ' \ P 
i i \ ^ 
F\\ 

4=+gEE rtHvT 

hi -uCii 
1 1 i • j , j 

1 1 . j • j 

• ' I ' l 

-^~^\—n^-

! h '1 
HKuL 

i l l • i 
1 M ; 1 

i 1' 1 ' ' 

1 i 
1 t 1 *i 1 

1 
_U. - -L_L_L - i — \ - LJ ^ \ -

o . 
i i ! 

N • ' 

• 

1 I - i 
i 1 
> [ ., 

1-
^ \ — 1 

i" 1 • 
T 

1 ' 

MM 
1 1 ' 

' 11 
1 1 : 1 1 1 1 

M • 1. i I I 1 

1 1 " * 

[ r l 
i 

1 

\ r ^ r\ ^-*— « 1 

1 
1 

1 1 1 
? rS I I ' 

1 

4-r 
f» 
^ 
p 
t H—1 

1 r 
1 • 

I ' 

1 • 

M 11 
j ' 

' 

1 1 1 

—t—i—(-

MM 1 1 1 1 

1 1 : 1 
! : 1 . 1 . ; 

1 i l l ! 

r rr 
: 1 1 1 

I - i • l i ' 1 ! I " ' ! 

i p 
1 t 

1 - h - — 
-1 1-

t 

1—Pi 1 

\ 
j 1 

M i l 

1 " - • " 

i\ 
1 1 ;' \ * 

. j " - 1 I 

( 1 
_JLIL 

M, x- i n > 1 i 1 N \ 
\ \'' \ ' 1 

1 \ \ 1 1 

4—ph '• 

HI 
m 
1 '̂ '•' 

1/1 
1 V, 1 

r—4y/4 -
— ^ - H -

' / r \ ' 
A 1 
AW Jy •'< i 1 i 

ffn I I I |||l -YI 1 1; 
1 M 1 

[44!—'— 
i ' \ ' 
A M i 
\ i i 1 

\i 11 
\ \ \ 

i : Y 1 
1 I \ 1 
i i i \ _L 1 \ ^ r r " ' i 1 ' 1 • 

P i • ' V—^ 

I I I I 

I 

1 r — -' 
T ^ \ 

iU! 

1" j 1 
' i 

M l ! 
M r —rt" 

! j—pr-r 

^=;;^ 

1 11 
i j l 

1 ' 

1 k — \ — ^ 

«t 

' i 1 

! 

M . 
h i IV 

M-\——.̂ — 
1 '• 

1 ; 
; : 
• ' 1 
1 { j 

•—H-^ \ 
t . • ' 1 

i 1 . 

• i l 
li 

1 if • 
III 
!i • 

1 

il 
! i 

' i j l ' 

i ' l 

• 

i 

- 1 1 

-

, • 

I ' ; 
[ L * 

1 1 1 
rnp 

— i — 1 — r 

1 ' 

1 1 1 

„..I. i 1 
\ t i 

1 ' 
\ i i " ' ! • i i ! 

i ' \ ' 

i'M^ 

11' I 
f4--^ 

1 p i 

I i ! 1 

4—t-Ll 

1 1 
' 

I i [ 

M M 
• I • \ 

M M 

. 

III 
1 I ' l 

rrr 
I I ' 

'b) 
! | l | l l ;P 
h^U 
-Luir -Mr "Mv̂  

i 1 1 !• 
1 i P I 

' lE-
' 5" 

M' 
! 1 1 

1 ! "N. 

Ilu Ml ^ 
: i ' f « 

^1LIJ\ 

m l 
'!p= i l 

1 " ^ 

i ; ' ^ 
^ F -! : • i 

i t trf i 

r 

1 f '••• 

| ! > 
j i iZ 
l i -.^iid 

-pT'Xs 
^ ^ 

, i 



L . ^» - (I , AtY«> 

< 

10 

X 
< 
I 

X 

X 
Ul o z 
o 
IO 

10 

90 

% 

Jk m 

4 5 
• ' -

- n 
\ j 

A K 
4 « 

a n 
9.0 
1 0 

•5 

d 

• 

1 1 

* 1 

— , 

1 

• 

« L. 

L 
1. 

7 

^~k"r^ 

a i 

1 
11 I 

- - . ' % -
^_-

- L L L . I _. 

-p—-1 

niJL c—~i 

41 Ul 

1- 1 
^ ^ 1 - r 

^— L J 

1 ' • • > • • ' : -

7":-

1I I 1 

1 ! 1 

•:.,. [ T , -.I.:. 

^^±^11^?^^^^ 
• 7 , M "-

, [ : «• ^ 

^ ' L 1 
1 M M 

11 « 
' 1 

I ' V • 

TJ M 
Vi .1 1 

S:^-: 
. . .LU. ?• 

m 

i ---M-
0 

* 

• h» r 
* 1 1 

"MM 
_ ._ 1 .- 1 . 1. 

»•"• P I F 

t : i 7 : ^ 
i 1 

* 
. 1 . 1. e 

i 

-U-- 1 

T j 1 «• 

l - S 

— » -

. 

V 

— I. 

—k 

r 1°! • * 

" 1 * ; 
L L . . \ * _ k 

M • , 
1 ' - 1 e ' 

' "̂  

I I I •• 

Sl' u 
M î 
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•'T-*^.; -

• : " . ^ : - , l 

Ty": ';.-.:• 

^ & ^ i -

S^B-

:-:=\'̂ :v 

-;=;:;.:-h 

iir-ij"-;-:-

5z^.i: 

;£M 

X::x-'\' 

r;-.;—'. 

z i t ' . j : - — 

£ r ; ; i : . : : - -

.-: ":-c: 
-—'i-'i: 

-r-i---

^ - 1 ' r 

J -

4-

^ 

-H-s 

• 

: • •? ' . - ' • 

rbf 

-i: :"": 

'=-ii 

ivH: : 

i - ^ - t ; 

T-H! 

• • : i 

i - ^ i ; 

SIE 

i ; ; . ; 

'- : £ : 

-TrI:':-! 

TIZZ 

i l : 
: . = -. f . - r i 

-r:.:.:-

• ~ 1 

ii-i-fi" 

5 S 

rl"^ 
P" 

! 

; • - : -

;-: i 

•:-:: 

• : X 7 : 
. . . . . . 

'h'. 

A'r. 

.: L>: 

u i ; 

ijl; 

nr! 
. : . 

» i i : 

Mii 

' ; : - ' 

hi 
. J •" 

;M 

r : : : 

i-î i 
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