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Abstract

This field report presents the results and conclusions of a
magneto-tellurics survey in a suspected geothermal area. Two
definite conductive zones are evident in the data. A third is
postulated primarily on the basis of modeling studies performed
on the data. All are of possible geothermal interest. ‘

The zones are:

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 primarily 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 18, 000 to 30,000 feet under the survey area. This

zone is very conductive (averaging approximately 0.3 ohm-meters)

and is quite likely a magma chamber.
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I1.” 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 sites 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 of 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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IOI. Results

Figures II-1 through II-10 are plots of resistivity and phase,
tensor rotation angles, and 3-D indices for sites 1-1 through 1-10.
Final OPTMOD models are plotted over the data. The significance
of these quantities, along with their acceptance criteria will be
discussed in section IlI. Figures II-11 through II-20 are composite
plots of the final layered models and the final INVERT models for
each site. 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 resistivities 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 site. 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 site. 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.

Primarily, 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 are likely realistic.




IOI. Geoelectrical Interpretation

A. General Comments

: The computed results used in the interpretation for this survey
are contained in Section II, Figures II-1 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 results 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 site. Data point
acceptance criteria were based primarily 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 scatter in the computed results 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

1.0 Hy).

The results 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 results for a given sounding and
consequently favors an interpretation based upon 1-D inversions of the
results for each site. The apparernt anisotropy present at the lower
frequency range appears to be due to anomalies in the resistive basement
and the deep conductive zone. A discussion of this will follow. It should
be noted at this point that the rotation angle results 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 are reasonably

well defined for lower frequencies where the RTE-RTM split begins to
appear.
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II. (continued...)
B. Ome-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 II, Figures II-11 - II-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 results. 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 are indi-
cated on the model plots. These apply to the inverse of the average
conductivity across a given zone indicated by a layer. - Where no bounds
are specified, the probable error in the parameter can be considered
approximately + 10 percent.

The + 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 error due to two- and three-dimensional anomalies. It
can only be said that such effects are not apt to be large for these results.

The transition into the deep (lower) conductive zone of the model
appears to be quite abrupt as evidencelby the rapid decrease in resistivity
shown by the INVERT model at most sites. This zone is quite probably
a magmachamber, 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-dimensional
effects could cause more than 10 to 20 percent error in this depth
determination.

The deep resistive 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
{




III. (continued...)

essentially only its thickness is defined by the sounding. The minimum
values of resistivity allowed by the results are specified. For sites
1-1, 1-2, 1-8, and 1-9, the corresponding resistive zone is electrically
thick enough (i. e. its conductivity-thickness product is great enough)
that upper and lower limits on resistivity are indicated by the results.

It is important to note that for sites 1-1 and 1-2 the deep resistive

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 resistivity g and thickness Tp) into three zones with resis-
tivitiegp 1, P2, and p3 and thicknesses Ty, Ty, and Ty, where zone 2

is in the middle and situated in the mid to upper region of the original
layer, and wheref 2 is less than g (say 1 to 2 ohm-m), and the condi-

-tion (T, /p; + T&"z + T3/p3) = Tglpg is met. An alternate model

e model plot for Site 1-2. ey s T

J.
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is indicated in
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'C. Cross Sections from 1-D Models

FiguresIll-1and III-2 show vertical geoelectric cross sections
for the two traverse lines (A and B) produced from the INVERT models
by contouring on constant resistivity. These models represent a
smoothed version of the resistivity structure.

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

The layers 3 and 4 at sites 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 necessarily imply a definite interface between layers
3 and 4.

D. Appax:ent Anisotropy and Rotation Angles
For the sake of discussion, it is convenient to define an aniso-

tropy factor as




II. (continued...)
AF(f) = RTM/RTE (1)

where f is frequency. Let AFL(f) be the first derivative of AF with
respect to f. For one-dimensional results AF(f) = 1 and AF1(f) = 0
for all f. For frequencies where a lateral anomaly (or apparent
anisotropy) is sensed, the RTE and RTM functions separate and
AF(f) # 1 and AF1(f) # 0. It can be shown that the conductive or

resistive nature of the anomaly is indicated by the pola.nty of AF(f)
as follows:

for AFl(f) €0, anomaly is conductive;
AF1(f) » 0, anomaly is resistive.

For the results 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 traverse B, as frequency is decreased, the first significant

.anomaly is a conductive one. as evidence by RTM rising above RTE for

decreasing frequency (AFl(f) &£ 0). For sites 1-7 through 1-10 the
first significant anomaly is resistive and a deeper, conductive anomaly
appears as it is further decreased.
: : ]
This behavior is probably explained by the following two consider-
ations: ;

1) For sites 1-3 through 1-6, the deep resistive zones are
electrically thin and effects of the deep conductor surface appear for
the same frequencies for which the resistor surface becomes effective.
Consequently, anomalies in the conductor surface (perhaps the slope)_
dominate the effect. For sites 1-1 and 1=-2, which are not considered
electrically thin, the conductive anomaly might be an embeded conductor -
in the resistive zone, supporting the alternate model discussed in

Section III-B. % / -.

2) For sites 1-7 through 1-10, the much thicker deep resistive
zone (especially at sites 1-8 and 1-9) presents a resistive anomaly (per-
haps its irregular 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 model structure. Figures III-5 and III-6

SRR R ) U [




II. (continued...)

are plan views of the upper surfaces (obtained from OPTMOD models)

of the deep resistor 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 strike. The angles corresponding to the
deep conductor were chosen as the values for the lowest frequency values
computed. The A(YZ) functions for all sites 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 contours for sites 1-7
through 1-10, showing a NE-SW strike, and the angles for sites 1-3
through 1-5 are close to the deep conductor angles for those sites. This
behavior is in agreement with the earlier speculation regarding the

" anisotropy.
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IV. 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 are 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 geothermal model, it is not as easily justifiable geologically
as is the Alteration Model.

The Alteration Model is shown by figures IV-1Aand IV-2 for Lines

"Aand B respectively. The Buried Reservoir Model is shown by
‘figures 1 V-1B and IV- 2, for lines A and B. Note that the

single model for Line B is common to both the Alteration Model and the
Buried Reservoir Model.

It should be kept in mind that these models are quite speculative.
Lithologic units are proposed on the basis of the range of resistivities
that they are likely to have. The models are subject to the error limits
for both the depths to interfaces and resistivity ranges which were set
down in Section III. '

The Alteration Model assumes that unaltered Tertiary rocks, primarily
rhyolites, have an average resistivity of about 40 to 70 ohm-meters,

and that altered Tertiary rocks range in resistivity from possibly as low
as one ohm-meter to about 25 ohm-meters -- the more intense the
alteration, the lower the resistivity. 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 resistivity range for a saturated aquifier (especially if the




R |

e e . —— - - T e et g v———— .= ‘s e mmeemaw . =

IV. (continued)

water is hot), one possibility is that this conductive zone is a saturated
aquifer overlying the impermeable Tertiary 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 resistive material (ranging from approximately 5 to 15
ohm-meters). This is likely unsaturated Sehoo or Wyemaha formation,
with some 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 are

probably quite representative, since 3-D effects would be relatively
small, as per the discussion in section 1.

The resistivity of the de'ep magma chamber cannot be precisely defined,
but is likely in the range of 0.1 to 1.0 ohm meters, and appears to
average about . 30 ohm-meters.

The Buried Reservoir Model is similar 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 restraints 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
results. 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




IV. (continued)

overlain by younger volcanics. It is very speculativé in that the exact
l— sequence of geological events necessary for its existence are not :
- immediately obvious, and open to more than one interpretation.

[ Finally, it should be noted that all faulting in the models is proposed
primarily 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 (Ey, Ey,
Hy, Hy, Hy) were made of the micbypulsation fields of each site in

the overall frequency range of approximately 0. 002 to 100 Hz. This
range was covered by four 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 are electrode lines using 100 square inch
lead electrodes with a spacing of 600 feet. The H-field sensors are
Geotronics induction magnetoreters - model MTC-4SS for Hy 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-chammel 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-
ment 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 stressed throughout the survey. System noise and
data quality checks are 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
time (a few hours) is allowed for stabilization, including thermal and
magnetic stabilization of the magnetometers and contact potential stabi-
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 still in the survey area.

The Soda Lake survey consists of 2 traverse lines containing a total of
10 sites. Data bands B6, B5, B4, and B3 were recorded at sites 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 made 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 series 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 results is given in Appendix C. The frequency
domain results used in the interpretation of this survey are:

(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-dimensionaility 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 are 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 results are
omitted to avoid truncation aliasing error that is apt to be present. The
analysis frequency bands overlap for redundancy.

Strip chart records and field logs were checked to select the best data

‘recording runs for analysis. Initially, one run of each band for each

site was processed and the results checked for several acceptance
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Appendix B, Data Processing Procedure, continued...

criteria. Additional runs were processed where needed to produce the
best definition of the computed functions. Finally, all runs of the
frequency domain results to be used were plotted for use in the subse-
querfinterpretation. 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 analytically produces a con-
tinuous smoothed function of intrinsic resistivity vs. depth. In the
second method, best fit 1-D N-layered models were produced by pro-
gram OPTMOD. These 1-D models were correlated or contoured to
produce laterally and vertically smoothed versions of the vertical cross-
sections along the survey traverses.

‘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 vertical 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 structure 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 results the lateral
structural variations (electrical parameters) are 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 structure, 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 results. Two-dimensional
modeling was not applied in the interpretation of this survey, primarily
because of lack of time to produce a meaningful test. In any case, it

was considred of lesser 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-tests 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
properties of some of the computed MT results 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.
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rr’ - Table B-1 - Recording Frequency Bands

e Band Post Filter Sampling Number  Frequency Range No. Runs
=8 : (Hz) Rate (Hz)  Samples Used (Hz) ~ Recorded
- (Nominal)
L B6  10-256 1000 4096 2.08-256 8
' [ B5  1-25 100 4096 0.208-25.6 _ 4
2 B4 .1-5 20 4096 0.0415-5.12 4
F: .'BS .01-.5 2 4096  0.00415-0.512 2
3 B2  .002-.125 .5 . 2048 0.00208-0. 128 1
s
»
[ !
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Appendix C - Computer Programs

This section gives a brief description of programs:
(1) MAGTAN2

(2) INVERT

(3) OPTMOD

(4) LAYERPXY

Additional information on program functions, data tape formafs.
etc., are available on request.
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PROGRAN HAGTAN] (INPUT)QUTPUTITAPELITAPERTAPED s TAPEY-* - sy
© TAPES)TAPET, PUNCHI ; ;
SBe00E00a00 00000 RRtoRRREteRattP RN RdneRlRanRateRR..as000eaielabaRRReSe

®% GEOTRUNICS CQRP = AUSTINe TEXAS ySA oo
®eé PROGRAN iIl:lﬂllllll’ 86 « FORTRAN IV eee pRuS001X00]

& MAGNETOTELLURIC (MT) ANALYSIS PROGRAM © GEOTRONICS CORPORATION
® FOR _TENSOR SURFACE IMPEDANCE METHOD . & " AUSTINe TEXAS = UsSeAs

A N NN NN

ll;..i..ll....lﬂl..l‘ill..ll.l....l.ll.‘..l..l.......‘...l....'.'l.‘..li......

PuaProsgl <MAgTAN]> COMPUTES TENSOR IMPEDANCE METHOD MT RESULTS
:on s.co?::Ncur € ANO H FIELD MEASUREMENTS IN RECTANOULAR
00aDInA .

COMPUTER ADAPTATIONI COC-6600

SOURCE LANGUAGE! FORTRAN ]V . . S
COMPASS .

NO. OF SUBROUTINES) )

CORE STORAGE REOMTI LOAD-185000 BASE=9
AUN =145000 UASE-p

PERIPHERAL STORAGE AND 1/01 .

TAPE UNJTS= | » FILE <TAPEL> (INPUT DATA = pPACKED BINARY)
DISK UNITS= & o FILE <TAPE2=T> (2~UNPKD DATAs 3~7-SCRATCH)
CARD HEAVER
LINE PRINTER ;

OPTIONAL 170 = ;
TAPE UNLTS= 2 o FILE <TAPERZ.8> (2-UNPKD DATAs m=QUTPUT)
CARD PUNCH (SEE NOTE) :
PLOTTER (SEE NOTE)

NOTE= UUMMY SUBROUTINES ARE INCLUDED FOR USER IMpEMENTATION
OF TAPE: PUNCH, AND PLOT OUTPUT. ALL OUTPVUY 1S
CUNTHOLLED HY SuBR<oUTPT1>, COMPUTED RESULTS ARE
AVAJLABLE TO QUTPUT ROUTINES VIA COMMON BLoCK <SPEC>.

SPECIAL LORE STYORAGE AREAS! :
COMMON BLOCK <SPEC> = 25000 WoRDS

ROUTINES CALLED By <MAGTANI») STITLED>
<INPREP> ®
Loy T2>
C€AFURMK>
41!53:2» . . .
<APSPEC> .

i ' <TiTLER> /

. CSHACTELY o

<spicav>
<ouTPT>

IR NN RN R R N NN R YN RN R PR R N RN N R R AN AN L NN R RN N NN

SPECIAL PROGRAM VARIAGLES |
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., 4TAPEID> o . INPUT TAPL IV « FOR <TAPELS ANU/OR <td=~y,
. «TIILE® o - TAPL FILE (UATA SET) TITLE, X
<TITLEAY = TITLE FUR AVERAGED HESULTS,
. €Ayt eCoDEoN> = SRATCH AHHAYS
NFHEW? = w0, OF QUTPUT FREQUENCIES, ’
<FRIII? = OUTPUT FREU =RAAY~ FKEQ OF § TH WOAD IN OuTPUT ARRAYS.®
«P(Ksl)> o SIGNAL POWER SPECTRA ARRAY~ K TH COMPONENT, § TH FREQ.®
<NSPIl)> =  NO, OF INCHEMENTAL SPECTRAL HARMONICS AVERAGED,
. IN EACH PIKe L),

(N B N 1}
.

e . & i .

SENERALS  MOST PHOOGRAM VARIABLES AND PARAMETERS ARE DEFINED IN THE i
SECTIONS THAT DESCRIGYE THEIR USE. ’

- INDIVIDUAL SUBROUTINE Ntnnlns DESCRIBE THE PROGRAM FUNCTIONS
. AND THE ASSOCIATEY PANAMETERS,

000000000000 sRtnettnntatenelintsniscatetuntcstilesiontatettinatntesantee

le =o= SCOPE ==a : '

Ae MT MODEL AND BASIC AELATIONSHIPS)

THE TOTAL ELECTRIC AND MAONETIC FIELDS <g> AND <H» (FREQ (r) DOMAIN)
« AT POINT <0» ON THE EARTH SURFACE ARE CONSIVERED TO BE RELATED 8Y

(1=142) <g> = <22<H> OR <My & <YPEED> (ExcLuUOInG F=O)y
WHERE <g>ecH> ANE VECTORS AND €Z>,<Y> ARg DYADIC TENSORS RgPRESENTING
THE SURFACE IMPEOANCE AND AUMITTANCE RESPECTIVELY, <I>» Ayn <Y> ARE
FUNCTIONS OF FHEQ, THE FIELD SOURCE AND THE EARTM PARAMETERS.

" COOMDINATE SYSTEM ===

I FFE NN BN N R AR RN R RN NEENE NN NN

STANDARD RIGHT HANO RECTANGULAR COORD SYSTEM (ReVy2-AXES) wiTH
+2=-00uN (VERTICAL AxIS) AND THE ORIGIN AT POINT <0>, THE x-AXIS
1S IN GENERAL NOTATED CLOCKWISE (LOOKING IN *I-DIRECTION) nY AN
ANOLE (ay FROM THE REFERENCE xR=AX]Se WHERE *AR=NORTM; *YR=-EAST.
IN THE ROTATED COORD SyYSTEM <ElA)»=<Z(A)><H{A)>y ETCs

MODEL =ee

T RO = SEMI-INFINITE CONOUCTIVE.HALF=SPACE (SOLID EARTH) wITH
GENERALLY 3-DIMENSIONAL INTRINSIC PROPERTIES,

2 ¢ 0 = FREE SPACE

FIELD SOURCE ==~

EN PLANE wAVE PROPAGATING IN +2-0IRECTION (0OwN) AND INCIDENT

ON 220 SURFACEe ANY POLARIZATION IS ALLOWAULE EXCEPT AT LEAST SOME
DEGREE OF RanNDUM POLARIZATION 1S REGUIRED By THE COMPUTATION PROCESS.®
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2~ DATA

w STAPEL> PACKED BINARY TAPE (UMR FORMAT)I() 3-CH DATA
J - OR _¢¥lPtl’ UNPACKED BCO  Targ (0C "'“\;il';l'lflkl['

v ge aun fargy

HEADER INFO

4= AUR SYSTEW
TRANSFER FN

o <CZ> DATA CAND DECK (OPTIONAL) . -

e 4C3> DATA CARD DECK (OPTIONAL)

SHAQTANI> MaAs A NUMNER OF BASIC INPUT OPTIONS, A PRECISE DEFINITION
OF THE UPTIONS aND THE VARIOUS CONTROLLING PARAMETERS IS PROVIDED IN
THE DESCRIPTIUN OF CARD DECK <Cl), THE MAIN QPTIONS ARES

(1]

18}
(k1)

DATA CARD

FEL

<TAPEl> OR <TAPE2> 'MAY UE USED AS INPUT, .
<TAPEZl» MAY BE UNPACKEUD WiTH OR WITHOUT FULL EXEC OF <MAGTAN]>
STAPEL> HEAUER INFO MAY BE INPUT FROM <TAPE)»,<C2>.00 o MIXTURE,
AUXTILLIARY TRANSFER FUNCTION INFO MAy BE INPUT FROM <C3> FOR
.ANY FREQ DOMAIN SCALINU OF THE DATA, .
<TAPgl> FILES MAY gE SELECTED -IN ANY ORDER, DATA RECORDS
WiTuIN A FILE MaAY BE SKIPPED PRIOR TO READ, THIS FILE AND
REcoHD SELECT DETERMINES THE ORDER N wrlCW DATA IS PLACED
ON TAPE2? (WHICH MAY BE EJTHER A DISK OR TapE UNITy,
<TAPE2> FILES MAY BE SELECTED IN ANy ORUEN, . .
DATA SETS AHE PROCESSED INDIVIDUALLY, THE POWER SPECTRAL AVERAGE
OF SPECIFIED GROUPS OF COMPATIULE DATA SETS MAY BE COMPUTED
AND PROCESSED,

DECx STRUCTURES .

'READ ORDER == 1= DECK <CI> 170 CONTROL +READ My <MAOTAN]>®
2- gtcu <C2IN)> (FOR DATA SET N),READ By <MDHCROS>®
3= DECK <C3(N)» (FOR DATA SET N)oREAD AY <AUXMOD> @

= REPEAT THE <C22¢4C3> GADUP FOom EACH DATA FILE
READ ANV PROCESSED FROM <TAPE1> IN THE ORDER (N)
SELECTED FROM <TAPEl>, EITHER OR BOTH <C2> AND
<C3>» MUST BE OMITTED IF THE. CORRESPONNEING AUX
INPUT 1S NOT OPTED By <Cl>s FOR <TAPE2> DATA
InPyT ONLY <C1> 1S REQUIRED,

...-..I.....‘..........‘....-..
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SYSTEN FUNCTION ==~

a STANDAGDIZED FUNCTIONAL FOAM 15 USED TO REPRESENT ..
CHANNELS ANn THE NOS. OF POLES AND ZEWOS ARL FIXEDs A F

" DLOTSIEN ANV .UllrLLll"l’ IHANDFELN FTVNLIAUN FUNMY
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it==':=?

OF IEROS 1S PLACED AT THE ORIQIN aND CERTAIN POLE ALLOCATIONS ARE
COMMITTED TO LU-CUT USE WITH THE QRIGIN ZERNS: LO=-CyT POLES NOT
USED ARE 7O OE PLACED AT THE ORIGINe. OTHER POLES AND ZERQS ARE TO
RE PLACED AT A WIGM ENOUGH FREQ T BE INEFFECTIVE In THE PASS BANDS

THE FOLLOWING NUTATION wilL YSEl

AP (JI) =
<AFolJ)>-
KNjJ)ip =
SKPIJI» -
4K1¢d1> -

- <KF(Jd)» =

5> =

Piged)de
S2iged)d-

<J> = sYSTEN CHaN NO,

<i» = POLE UR ZERD INODEX,

PREAMP GAIN = CHAN Jo
POSTAMP GAIN « CHan J,
SENSOR GAIN FACTOR,

POLE=-ZEND NOMMALIZING FACTOR
POLE-ZERD MNORMALIZING FACTOR

POLE-ZERO NOHMALIZINOG FACTOR

COMPLEX FREQs
SYSTEM POLE,
SYSTEN ZENO,

= PREANP.
= PLUG=IN FILTER.

= POST FILTEN,
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. RUN VERSION ® 1 «=«pSR LEVEL JH)~=

———— -

Cc .
Cc SAVE TAPE FORMAT .
¢

—— e ——

C “--HEIDER RFfORB---

:""““*“C"‘vanlnnLt OR ARRAY
b FLAGY -
NFREQ »
tos T
n . :
12 2 :
T
DATE -
HOUR
sl
SEC
nennzll-soll

-

|
-

[
i
!

'-'DITI RECORD=== -

!,,

VARLAALE OR ARRAY
FLAGZ
‘NFREO
plsvaLs
FR

NSP

PP

"NEPC
ELIPC
1ANC
RHOC

T 1AC
COR
RC

-

-—— -

-,

1PC

coc

PRC :
*ANC ~ T
COHC
ANGC/

"KMMC
ALPC
RTAC
DELC”
KZF
AKZ

COK’
ANK

)

e S e s g o 4 be

IXXC
1xYC
TEXXC_

nﬂdﬂﬂﬁﬂnﬂnﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁnﬂnﬂﬂﬂﬂﬂﬂﬂnﬂﬂﬂdﬂﬂhﬂﬂﬂﬂﬂ

- — . . "1 5 b W

RTAK T L

SURRQUTINE OUTTAPE (TITLE«10SeIV:12413)

'WORD NUMAER .
1

2

3J--82

R

A&

As -

A6

a7 > g
ped . -
A9

90--5R9

WORD NUMRER
1

T2

3==2?

23-=224NFREQ *
234NFREN==22+2%NFPFQ
23¢29NFREQ=-~220¢27*NFRFO
234279NFPEQ--224+299NFREN

23¢29¢NFREQ==22+31*NFREQ

23+3)*NFREQ==22+3*NFREN
23¢339NFREQ-=22+3S*NFRED
23+1SeNFREQ==2P+3TENFPED
23+3T*NFPFQ=-=22+4 *MNHASA
23¢4L)*NFREQ==22+45*NFREQ
23¢4SANFREQ==22¢649NFREQ
23049UNFREQ==22¢53*NFREN
2A+S5AMNFPEQ=-=22+SA*NFRED
23+5AONFPEQ=-=227+AJ*NFRED
23¢63°NFREQ=-=22+KASNFRED
23+6ASNFREQ-=-11+T1*NFREQ
23¢T1ONFREQ==22+TI*NFREN
23aT3ONFREQ==22+ T5*NFREQ
21+ 754NFREQ=-=27+TAUNFREQ
23+ TASNFREQ=-=22+RO*NFREQ
21+B09NFREQ==22+A2*NFPEQ
2I14R28NFREQ=-=22+R4*NFREQ

© 23+BLaNFREOQ-=-22+L5*NFPEQ

2A*ASANFPEQ==22+AA*NFRED
23+BHEUNFREQ==22+RT®NFREQ
23-n7-urnso--zaolosourneo
23+105*NFR50-~-22+]123*NFRSA
23+)123*NFREN=-=22+124*NFREQ

OUTTAPF
OUTTARE
OUTTAPE
OUTTAPE
OUTTAPE
OUTTAPE
OUTTAPE
OUTTAPE
OUTTAPE
OUTTAPF
OUTTAPE
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1T 7 SUBROUTINE MAGTEL (PoF oNSPoTITLE «NFREQ«NATAS) ' MAGTEL

» e
N T Y T L L LT g MAGTEL 3 :
Pe #® GEOTRONICS cnnp = AUSTINe. TEXAS USA e# MAGTEL .- s
R : o MAGTEL 5
. suanmluut omstﬂ.» = FORTPAN IV . . " DRWG022X00) o MAGTEL 6. :
Yo » MAGTEL P
f--'—usn cnu_ morn. lP.r.usp.tnl.t.urato.uﬂnﬂ . MAGTEL - 8

® . MAGTEL 9 ,

' MAGTEL COMPUTES MAGNETOTFLLURIC unn RESULTS . MAGTEL- - 10 R .
TTETTTTTT T FROM THE POWER SPECTRA MATRIX +P>, QUANTITIES @ MAGTEL 1 .
. COMPUTED ARE DESCHRIHED RELOW IN THE NOTATION . . MAGTEL 12 -
. GIVEN IN THE ¢MAGTAN1> HEADER, ® .+ MAGTEL . 1 : '3
= T ALL OUTPUT QUANTITIES APE STORED IN COMMON +SPEC> # MAGTEL i6 i o
t . FOR FURTHER Acccss BY OUTPUT ROUTINES. . MAGTEL 15 . ' % ' [
¢ .. MAGTFL 16 _ __ o - 1

T @ T "PARAMETERSO- . MAGTEL 17 ‘ ".
Pooe *P(Jel)> = AUTO=- AND CROSS~POWER SPECTRA MATRIX FOR - . MAGTEL 18 (N :
. FIELD COMPONENTS ¢EX+EYHXoHY s HZ>, ® MAGTEL 19 : "
P T T 1= FREO INDEX . ) MAGTEL 20 I..;
Lo J= COMPONENT INDEX . MAGTEL 21

o .. . SPEC_COMPONENT LOCATIONS = . . . ® «  MAGTEL 28 . 13
e "= 1=-PEXEX 10=-PEYEY 1R« 19=-PHXHY . MAGTEL 23 ")
. : 2¢3-PEXEY 11e12-PEYHX 20021=PHXHZ . MAGTEL 24 _ . .
S 4e5=PFXHX 13¢]14=PEYHY 22-PRYNHY . MAGTEL 25 ’ ' ; »

» T GeT=PEXHY 15016-PEYHZ 23424-PHYHZ L MAGTEL ~— 26 "

. 8¢9=-PEXHZ 1 7=PHXHX 25=PHZHZ . MAGTEL 27 . : -

. (CROSS~POWERS ARE SYORFD WITH REAL AND lum ® _ MAGTEL 28 - i . - . |

R e PARTS ADJACENT WORDS IN ORDER) . T MAGTFL 29 _ »
e : NOTE 1-E-PNwFR UNITS = (NV/KM)®82/H2 . MAGTEL 30 !
i . H=POWER UNITS =  GAMMA®S2/HZ - o MAGTEL k)| : s i

== e . E=H=POWFR IINITS = (MV/KM) *GAMMA/ZHT L4 MAGTEL 32 .

nip NOTE 2=THE COMPONENT 0QNFR GIVFEN [S FOR P> , @ MAGTEL a3 - re & l" i
‘] o UPON INPUT TO +MAGTEL>, THE +P> ORDFR L MAGTEL 3a . . Inl
eI T T 1S MODIFIED IN oMAGTEL> AFTER CALL OF @ MAGTFL as .l
;l 2 ' #ZF1T> AND SOME INFO IS DISCARDED, THE #® MAGTEL 38 !
NIK : - UNMODIFIFD +P(Je«1)> INFO IS SAVED IN L MAGTEL v B s

- — s sPPUT+J)>, HOTH ARE STORED IN ¢SPEC>, & ~° MAGTEL 38 3 lu'

. orun = FREQ 0F ITH WORD IN ALL OUTPUT ARRAYS (HZ). L MAGTEL 39 :
‘_- e eNSP(1)> « NO. OF INCREMENTAL HARM ASSOC WITH +FR(I)>, @ MAGIEL _ &40 Lo

e T «TITLE> =« TITLE OF DATA SET. L I MAGTEL &) »
1 . *NFREON> = NO, OF WORDS IN +FR(I)> (I=14NFREQ), LI MAGTEL 42

. *NBIAS> = NO, OF COMPONENTS IN +PlJel)> (J=)lsNBIAS) L MAGVEL = &3 . ; ».
Foe i & : o - MAGTEL P : e
{. ® PROUTINES CALLEDO +2FIT> . MAGTEL 45 ' _ l_

L] +TDATAN> L] MAGTEL &6 = . 2

B e = ] MAGTEL &7 w @ T »

®  SPECIAL STORAGE AREASO . MAGTEL -4: ) _ .

. COMMON BLOCK +SPEC> = 25000 uoaus . MAGTEL e b e s .

e T » MAGTEL s0o I.
' oe ‘ . MAGTEL sl _ .o .

s M1 ngsuus anPUTEDO (ARRAYS IN COMMON .svscu .  MAGTEL O : )
I © 7 NOTE 1=SFE ¢MAGTAN]> FOR NOTATION, o MAGTEL 83 .: S P s "
I . NOTE 2=1 = FREQ INDEX (I=)«NFRED) LI HAGTEL 54 - B e e B ;T .
. ~ J = CONTENTS INNEX . MAGTEL B o s : '-
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ERSION 2,3 = ~ % LEVEL 363--

g . ) LB
e " SNFREQ> = NO. OF FREQS.
e . sFRII)> = FREQ. = I=]4NFPEU = (HZ) .
. . SNSPUTD> = NO. INCREUENTAL MARM AVGD FOR oracrtv.r_u
RGN L 4P1Jel)> = POWER SPECTRA MATRIX ~ SEF AROVE NESCRs .
ba e SPPULI> = = oPLIID> [PRIOR T ANY MOD OF P>, -~
. @ eDEPE(1sJ)> = Jels2 = RATIO OF UNCOLARIZED POWER TO 1oraL
B L _POWER OF E AND H FIFLDS RESPFCTIVELY.
SELIPCUIsJ)> = JalsB ~ RATIO OF MINOR TO MAJNR AX1S OF

;

""OF E AND H(HORIZ) FIFLDS PESPFCTIVELY.

POLAR[ZATION FLLIPSE FOR POLARIZED COMPONEMNTS

(¢ FOR RT HAND POLARIZ - CLOCKWISE HHEN
_LOOKING IN +Z-AXIS DIRECTION)

OIANClitJ’> = A7IMUTH ANGLE (DEGRFES) OF MAJOR AX]S OF
| POLARIZ ELLIPSE FOR € AND H(HORIZ) FIELDS.

OORHOClIoJ" - J'lo?- APPARFENT RESISTIVITY llPP RES) FOR
IX AND ZY RESPECTIVELY (OHM=METERS),
TOTIACIIe > = U=le2~ PHASE OF ZX AND 2Y (DEGREES), -

0 +COR(IvJ)> = COHERENCY FOR (EX=HY) AND-(EY=HX),

|

.("-;:- 3

e ——

*esssesseses e ot .-.qurt-r-t sesessseses

|

Fonm e o

—0~WHERE ~ ZX ‘% EX/HY AND 2Y = EY/HX

+IPCLLsJ)> =
__s€oCiTed)> =

NOTFE=-=ROTATFD

|

(UNROTATED CAGNIARD 2),

_*RCUI4J)> = Jalok= APP RES FOR TENSOR +Z> ELEMENTS
ZAXeZYYeZAY+ZYX TH NRDER (OHM=METERS) .
Jeleh= PHASE OF ZXXeZYYe7ZRYeZYX (DEGREES)
J=leb= PHASOR COHERFNCY FOR ZXXsZYYeZXYeZY¥Xe

7> AND +Y> RESULTS === IN THE FOLLOWING THE
XY=AXES ARE ROTATED AT EACH FREQ TN ANGLE +A>=s+A(2)>

" FOR +Z> AND INVERTED +Y> TENSORS SO THAT
CABS+IXY(A)¢ZYX(A)> IS MAX FNR +A>=sA(Z)>, THE XY=AXES®
ARE ROTATED FOR +Y¥Z> (EQUATION I=7 OF +MAGTAN1>) TO -

A R R S R EF E F E E EE FEF E s T Y w1

" ANGLE +A>=+A(YZ)> SO THAT CARS+YZY(A)> IS MAX (HZ 1§ »
MOST COHEPENT WITH EY)a THE XY=AXES APE ROTATFD FOR b
+K7> (FQUATION I=A OF +MAGTANI> TO +A>=+A(K7)> SO THAT®

} MZ;;..f.ﬂ.

CARS#KZX{A)> ]S MAX (HZ IS MOSY COHERFNT WITH HX), ot
FINALLY THE TMPEDANCES +2ZTE> (E PAPALLEL TO STRIKE)®
AND ¢ZTM> (H PARALLEL TO STRIKE) ARE SELECTED FROM

.

¢ZAY(A(Z))> AND «ZYX(A(Z))> ON THE AASISO FOR THE
1ST AN &TH QUADRANT PRINCIPLE VALUES OF +A(Z)> AND
*A(Y2)> =

i

lfllﬂsil‘!’-AlYZ]’.Lt ﬁs DEGR) ==+7TE>=+ZVYX(AL(Z))>
. : oZTM>=+TXY(AL7))>
IPIIRSOR|2I-I|YZI’.G‘Q45 DEGR) ==+2TE>=+2XY(A(Z))>

oZtu:-ozvlllllll?

sssssseaesBBERRRES

0RRcll-Jl> - J-l.z- APP hcs - ottr:.a:tu» - +2% TENSOR

“ Jeh= APP RES = ¢ITE>«¢ZTM> = ¢¥Y> TENSOR
s-

e e siee s ————

APP RES = ¢YZYIA(YZ))>= +¥> TENSOR

(1.E.= APP RES FOR-EY/HZ AT +ALYZ2)>,.)
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‘  SUAROUTINE OUTPTY (TITLE«10Sel)e12+13)

,
i

——

' SURROUTINE +QUTPTI> = FOMTRAN IV ._-,' " DRWS014X001
! *“"‘v“usn caLL ouTPUTY" mnt.los-n.n.m '

.'....l.g.....I.Ii.’..'.....l..I..I......Q.IlI'.Il...l....'.l.lll

®® GEQOTRONICS CORP = AUSTINe TEXAS USA e

ouiPTl CONTROlS THE OUIPUt oF Onlﬁllﬂlb. ARPAYS TO0 BE

"OUTPUT ARE TAKEN FHOM COMMON BLOCK +SPEC>, OUTPUT
OPTIONS ARE CONTPOLLED BY THE 1/0 SELFCT ARRAY +10S>.
+10S> ALLOWS SELECTION OF ANY OR ALL OF A NUMRER

"OF PRINTED OUTPUT .SURSETS PFP SUHR+OUTPRNT>. PUNCH
CARD OUTPUT PER SURR«QUTCARD>s AND MAG TAPE OUTPUT
PER SURR+OUTTAPE>, THE FLAG PARAMETERS +11>.¢12>¢¢13>"°

|

APF PASSED TO INDICATE THE IDENTITY AND STATUS OF
THE DATA SET REING PROCESSEN, THESE MAY BE USED WITH
~+10S5> IN SFLECTION OF THE OUTPUT OPTIONS wWlTH LOGIC
ANDED RY THE USER,

(PLOT NUTPUT RBY SURAR+OUTPLOT> MAY RE EASILY INCLUDFD
BY ADDING THE PROPER CALLING LOGIC TO +OUTPT1>» USING

PlRlNlIFRSO

BLANK ELEMENTS OF +10S>.)

" oVITLE> = DATA SET TITLE,
+10S(N)> = [/0 SELECT ARRAY = (A0 SINGLF CHAR ELEMENTS).
' I0SIN)=] = EMABLEF CONDX FOR JTEM N

I E N N BN NN NN NN NENNEENENENNMNEINNEMNNNE NN

2583923550820 000REESERSIERSNRBRTRES

| =0 - DISAPLE CONDX FOR ITFM N
: -_-1.5Lg OF PRESENT IMPLEMENTATION O1 +10S> OPTIONS.
, L ~ .. N=1 = TITLE PAGE 1 - PER SUBRTITLF1>. '
i 2 = TITLE PAGE 2 = PER SURRSTITLE?>.
! 3 - DECODED TAPE] HEBDER INFO = PER SURReTFOUT>.
L e & = BLANK
[ — S = ENARLE CALL SUBR4OUTPANT> = CK I0S(N)eN= 6419,®
q ‘ 6 = E=H FIELD AUTN-POWER SPECTRA. ~+ONUTPRNT>, ®
- S .7 = E=H FIELD POLARIZATION PROPERTIES. -+OUTPRNT>.®
: A = Z-SCALAR RESULTS = UNROTATED. =+OUTPRNT>,.®
| 9 = 2-TENSOR PESULTS = UNROTATED: =+OUTPANT>,®
A ™ . 10 = 2=TENSOR RESULTS = ROVATED. =+NUTPANT>.®
o . 11 = Y=TENSOR RESULTS = ROTATED., =<+OUTPRNT>,®
. . 12 = HZ-RELATIONS ~  ROTATED, =+OUTPRNT>.®
i B 713 = Z-TENSOR AXIS ROTATION = FREQ MAP.=+OUTPRANT>.®
‘- 14 = PRINT SETS S+13 FOR nvn arsuxls ONLY, .
> 15-19 = BLANK ®
. 20 = FNARLE CALL SUBR+OUTCARD> - cx lus:ul.u-zl¢29.
" 21-29 = ALANK
. 30 = ENAALE CALL SUBReOUTTAPE> = CK |os|ul.u-3|.39.
. 31-39 = PLANK "
‘. "T"40-R0 = BLANK (MAY BE USED FOR ADDEN OPTIONS). o -
- . NOTE= IN PRESENT USE +10S> ELEMENTS HAVE ONLY 2 STATES®
® ' ____ %0> AND ¢1>. ‘THE USER MAY INTRODUCE STILL MORE o
- FLEXIRILITY BY IMPLEMENTING THE USE OF MORE .
. . STATES. ANY OR ALL OF THE ALPHANUMERIC CH!RICTER'
-

SET MAY BE USED.

—

ouTPTy
ouTPT)
ouTPT1
OUTPT)
OUTPT]
OUTPTL _
ouTPT)
ouTPT)
ouTeT)
ouTPTy

. ouTPT]

oUTPTI
ouTPTA
ouTeT]
ouTPT
OUTPT1
ouTPT]
ouTPT1
OUTPT]
oUTPT1
ouIPT1
ouTPT)
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Appendix C, Computer Prdgrams. continued. we

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

(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-
dimensional layered model and plots the model apparent resistivity and
phase with the like measured functions for comparison. Results for
permutations of 2 number of values for one or two model parameters
can be produced to examine the effect of a parameter change.
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