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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. 4

The zones are: | _

1) A low resistivity zone (approximafely 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.
o 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. A
3) A deep conductive zone, the top of which varies from

approximately 16, 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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1. 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 ldcations

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 reas.oning 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.




II. 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 III. 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. -




1I. 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 H,).

1

The results for each site tend to show a fairly ldw 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 apparent 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 N

well defined for lower frequencies where the RTE-RTM split begins to
appear. ‘ ‘ ‘ '
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OI. (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 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 evidenceiby the rapid decrease in resistivity
shown by the INVERT model at most sites. 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-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




1. (continued. ve)

| 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 @ and thickness Tg) into three zones with resis-
tivitiesp 1, L2, andp3 and thicknesses Ty, Ty, and Tg, where zone 2

is in the middle and situated in the mid to upper region of the original
layer, and where® 2 is less thandg (say 1 to 2 ohm-m), and the condi-
tion (Ty/p; + Tolpg + T3/p3) = Tylpo is met. An alternate model

is indicated in the model plot for Site 1-2. - - -
, SRR N

.C. Cfoss Sections from 1-D Models

FiguresIlI-1 and 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. Appar\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) =
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 polarlty of AFL(f)
as follows: :

for AF1(f) €0, anomaly is conductive;
- AFl(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 (AF!(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.
o Consequently, anomalies in the conductor surface (perhaps the slope)

dominate the effect. For sites 1-1 and 1=2, which are not considered ™ | _ -

T electrically thin, the conductive anomaly might be an embeded conductor A
{ in the resistive zone, supporting the alternate model discussed in ;‘ B
Section III-B, _ ‘ ' /

2) For sites 1-7 through 1-10, the much thicker deep resistive
zone (espemally 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. ' ‘

rational agreement with the model structure. Figures III-5 and III-6

I.A The foregoing is very speculative, but does seem to produce a
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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.




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 propo‘sed. 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 geologlcally
as is the Alteration Model. :

The Alteration Model is shown by figures IV-1Aand IV-2 for Lines
A and 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 wh1ch 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




1V. (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.

Abo{re 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 III. :

The resistivity of the déEp 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

Lo




IV. (continued)

overlain by younger volcanics. It is very speculative in that the exact .
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, H,) were made of the micbrpulsation 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..

Figuré 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 Hy. ~ :

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 momtormg 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 conditioﬁs permit) ' ,

so that preliminary analysis can be done to assess 81gnal quahty 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,




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 duratlon

of the survey and analys1s :

" .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-dimensiona3lity 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




Appendix B, Data Processing Procedure, continued...

F" 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-

quentinterpretation. 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

B ' 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-
LR 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
4 influence on the profile, depending upon the distance to and magnitude of
the anomaly. Normally, the influence is such as to produce a lateral
B 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. : '




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.




Table B-1 - Recdrdirig Frequency Bands

Band Post Filter

B6

B5

_B3

B2

(Hz)

10-256
1-25

.1-5

.01-.5

. 002-. 125

Sampling
Rate (Hz)

1000

100

20

Number
Samples

4096

4096
4096
4096

2048

Frequency Range'
Used (Hz)

2.08-256

0.208-25.6

0.0415-5.12

0.00415-0.512

0.00208-0. 128

No. Runs

- Recorded

(Nominal)
g

4




Appendix C - Computer Programs

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

(2) INVERT

(3) OPTMOD

(4) LAYERPXY

Additional information on program functions, data tape formats,
etc., are available on request.
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PROGRAM MAGTAND (INPUT,OUTPUTITAPELTAPE2oTAPESsTAPES = NES)
® TAPESITAPET PUNCH]

5 .l.o....'..."IOoo.o..0'0000..000000000000000000000500000.0\ - oo....l..........

#8 GEQOTRYNICS CORP « AUSTINy TEXAS 1SA ee
®ss PROGRAM <MAGTAN1’ s = FORTRAN IV eee pRWS001X001

3 nasNEToTELLunxc tnT) ANALVSIS PROGRAM & eEoTRONXCS CORPORATION
_ & FOR TENSOR SURFACE IMPEDANCE METHOD . ® "AUSTINs TEXAS = UeSeAs

.....0...0.."....0.....0...0...............0.000000.....I..l...’...'.........

PURPOSE ! <MAgTAN]> COMPUTES TENSOR IMPEUDANCE METHOD MT RESULTS
. FOR 5-COMPONENT E ANO N FIELD MEASUREMENTS IN RECTANGULAR
COORDINATES.

CouPUTER ADAPTATIONt COC-6600

sonRCz LANGUAGzt FORTRAN IV . . S
COMPASS

NO. OF SUBROUTINES! 43

CORE STORAGE REGMTI LOAO-155000 BASE~g
RUN =145000 BASE-8

PERIPHERAL STORAGE AND 1/0%

TAPE UNITS= 1 » FILE <TaPE1> (INPUT DATA « PACKED BINARY)
DISK UNITS= & y FILE C€TAPE2=T7> (2~UNPKD DATA, 3I~7=SCRATCH)
CaRD REAULER o
LINE PRINTER

oPTrONAL 1/0 =
. VTAPE UNITS= 2 » FILE 47AP£2.8» {2=UNPKD DATA. a-oUYPuf:
CARD PUNCH {SEE NOTE)
PLOTTER . ISEE NOTE}

NOTE- DUMMY SUBROUTINES ARE INCLUDED FOR USER IMP{ gMENTATION
OF TAPEs PUNCH, AND PLOT OUTPUT. ALL OUTPVUT 15
CUNTROLLED BY SUBR<OUTPT1>», COMPUTED RESULTS ARE’
AVAILABLE TO OUTPUT ROUTINES VIA COMMON BLOCK <SPEC»e

SP[C!AL LORE S$YORAGE AREAS!
COMMON BLOCK <SPEC> = 25000 HoRos

ROUTINES CALLED BY <MAGTANI>} <TxTLzl>
_ ¢INPREP> »
<POSyT2> N

€XFURMX>

CIPSPECY
o <APSPEC> * .

e ' <TITLER> 4

: . CHMAVTEL> - Lo
<SPECAV>
<OouTPTl>

SPECIAL PROGRAM VARIAGLES !
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P0a000000000080000000000Rl0ECNLRINERNIE RN ERERONEIRtRIsltsNbeRettssstItatanee

. <TAPEID» -.. INPUT TAPE 1V « FOR <TAPEI> ANU/OR ¢'t-z,.
. «TITLE> =« - TAPL FILE (UATA SET) TITLE.

¢VTITLEA e  TITLE FUR AVERAGED RESULTS.
«AsBeCoDEyM> « SRATCH AHRAYS -
<NFHEU> . = NO, OF OuTPUT FREQUENCIES,
<FRII)> OUTPUT FREG “RRAY- FKEQ OF 1 THM WORD IN OufpUT ARRAYS.®
P (Ksl)> © SIGNAL POWER SPECTRA ARRAY«< K TH COMPONENT, I TH FREQ.®
<NSP(1)> "NO, OF INCREMENTAL SPECTRAL HARMONICS nVERAGED

. IN EACH PIKsl),

BtNERALi' MOS?Y PROORAH VARlABLES AND PARAME7ERS ARE DEFINED XQ THE
: : SECTIONS THAT DESCRIWE -THEIR USE,

lNo[VIDUAL SUBROUT INE NEADERS DESCR!BE THE PROGRAM FUNCTIONS
AND THE ASSOCIATEY PARAMETERS

f, ®aw scOPE ces ‘ : ] \

Ay MT MOOEL AND BaASIC RELATIONSH!PS!

THE TOTaL ELECTRIC aANO HAGNthc FIELDS <£> AND <M> (FREO {F) OOMAINY
« AT POINT <0» ON THE EARTH SURFACE ARE CONSXDERED TO BE RELATED BY

(x 1,2) <g> . ¢z><n$ OR <Hy 8 <Y><E> (EXCLUDIVG Fu0}y

WHERE <g>9aeM> AHE VECTORS AND <Z344<Y> ARE DYADIC TENSORS npPRESENTING
THE SURFACE IMPEDANCE AND AUMITTANCE RESPECTIVELY, 2> Ayn <Y> ARE
FUNCTIONS OF FREQy THE FIELD SOURCE AND THE EARTH PARAMETERS,

" COOHDINATE SYSTEM =m=

- STANDARD RIGHT HANO RECTANGULAR COORD svsTEM {Xe¥o2=AXES) WITH
+2=DOWN (VERTICAL AXIS) AND THE ORIGIN AT POINT <0>, THE x~AXIS .
1S IN GENERAL ROTATED CLOCKWISE (LOOKING IN ¢Z<DIRECTION) BY AN
ANGLE tA) FROM THE REFERENCE XR=AX1Se WHERE ¢XR=NORTH, ¢YR=EASTe
IN THE ROTATED COORD SYSTEM <E(A)>=<Z(A)><H{A)>y) ETC.

) MODE( *ew

220~ SEMI=INFINITE CONDUCT!VE»HALF-SPACE (SOLID EARTM) HXT“
GENERALLY 3-DIMENSIUNAL INTRINSIC PROPERTIES,
2 ¢ 0 - FREE SPACE

~ FIELD SouRCE -

EM PLANE wWAVE PROPAeATxNG IN oz-oIREcTtoN {OOWN) AND INCYDENT
_ON Z=0 SURFACEs ANY POLARIZATION IS ALLOWAYLE EXCEPT AT LEAST SOME
. 'DEGREE OF RANDUM PoLaaszerN 1s neuuxnso BY THE COMPUTATION PRocess.
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ANOTHER MT QELATIONSNXP To CONSTIOER 1S 0pTAINED BY SUBST!?UY!NO
(1=3)s{1e4) INTO (l=T7) .

1=8) . wzia) e le(A) HX(A) o KZY(A} HY(A)

“\

ErﬁRENCE INFQ »o=

WORU DR, sM.WoSHITH)F e X BOSTICK s JRes =AN INVESTIGATION OF
THE MAGNETOTELLURLC TENSOR IMPEDANCE METHODm, ELECTAlCAL
GENPHICS HESEARCH LABet TECH REPT NOs 829 UNIV, OF TEXASe
AUSTINGTEX 919704

B¢ PROGRAM FUNCTIONT

.
.

‘¢MAGTAN]» PERFOHMS THE FOLLOWING FUNCTIONS (IN ORDER SHOWN)=o=

«¢2> AND ¢Y> ARE INDEPENDENT OF PLANE WAVE SOURCE co~oxvxo~s. . L
rcho RELATIONS IN RECTANGULAR COORD svsren ---l .
" FOM THE (KyYeZ-AXES) EQUATIONS (f=1) AND (1=2) BECOME
ey EX(A) = ZXX(A) MX(A) o ZXY(A) HY{A)
tI=8)  EY(A) m ZYX(A) HA{A) o ZYY(A) HY(A)
(1=5). - WX(A) & YXX(A) EX(A) o YKY(A) EY(A} o _
t1=6) Hy(A) = vYX(A) EX(a) & YYY(A) Ev(A) =~ .Y
HI=T) . . HZ(A) = YZK{A) EA(A) "o YIY(A) EY(A) o o

afje

INPUT 170 CONTROL PARAMETERS AND DaTA ACQUISITION SYSe INFO,
INPUT TIME DOMAIN SAMPLED DATA REPRESENTING ALL RECTANGULAR

COMPONENTS NF <E> aNy <H> FOR THE REF COORD OIREc110NS XQ,yRy AND-Z,

00 8 00 8068000000000 0060006800006 0000008068 060600000 0C00eETSBSETY

sesoser

Ae0 ANV Fou THE VARIOUS PRINCIPAL VALUES OF (A), COHMERENCIESs
DIMENSIONAL PRUPERTIES (SKEw AND ELLIPTICITY)s AND INDICaATORS OF
COMPUTATIONAL STABILITY ARE ALSO COMPUTED. <Z(FeA)> 1§ ALSO
COMPUTED FOR 1V DLEGREE INCHEMENTS IN (AV,

NOTE = TMmE FREQ RANGE OF COMPUTATION FOR ITEMS 2«p 1S TMe gNt!Rg
. RANGE ALLOWED BY SAMPLING CONDX,

$30wa= PROGRAM OPERATION ==e
A, INPUT !

fe 10 CONTROL = <C1> DATA CARD OEcK

.-y FOURTER TRANSFORM ALL SIGNAL COMPONENIS,
* w3e MODIFY SPECTRAL wINDOw TO REDUCE SIGNAL TRUNCATION ALIASING,
LT 3o SCALE QDATA W1TH GENERALIZEU FREQ FUNCTIONS = TO CORRECT
FOR DATA ACQUISITION TRANSFER FUNCIIONSe ETCe
w5 cOMPUTE INCREMENTAL AUTOe AND CROSS~POWER SPECTHA
. FOR ALL FIELD COMPONENTS,
-h= COMPUTE FREQ WAND AVERAGE OF INCR AUTO= AND CROSS-POWER
SPECTRA anD ASSOCJATED FREW ARRAY FUR AVERAGED SPECTRA,
s 2 CUMPUTE <E> AND <H> POLARIZATION PROPERTIES,
-pe COMPUTE <€Z(A)> AND <Y (A)> ELEMENTS (AMPL aANpD PHASFE} FOR

g - pUTPUT RESULTb PER VUTPUT OPTXON SELECT ARRAY ‘(1,0 CONTROL) &
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t i 2= DATA = €TAPE1> PACKEQ BINARY TAPE (UMR FORMAT) (] S=CH DATA & N
- . : . v .. OR «TAPE2> . UNPACKED BCO -TAPE (BC ~ ~AT)¢ SET/FILE). o '
. . N . P . N . . . .
& v 3e ALK -TAPE) : U e : M
‘g . HEADER INFO o <C2» DATA CARD DECK (OPTIONAL) | .
s L : : . . [ )
- . A= AUX SYSTEw . . . . C o . ;
a ot TRANSFER-FN = '«C3» DATA CARD DECK (OPT]ONAL? .
- . . L S . ) M
iy . . e . . . :
. " ‘ .. 4 . S P .- - v ) e R -
Y & .. eMAGTAN1> Hag A NUMBER OF BaSIC INPUT OPTIONS. A PRECISE DEFINTTION . '
S . OF THE UPTIONS anND THE VARIOUS CONTROLLING PARAMETERS IS PROVIDED IN . - ﬁ
Y . THE DESCRIPTION OF CARD DECK <C)Y, THE MAIN OPTIONS AREj . Y. . :
-t i - 11} . <TAPgl> OR <TAPER2> 'MAY UYE USEp AS INPUT, : e t g
. . (2) <TAPpl> MAY BE UNPACKED WITH OR WITHAUT FULL EXEC OF <MAGTANY> @ ™ i
. . t3)  <TAPEQ> HEAUER INFO MAY HE INPUT FROM <TAPE1>,<C2>,09 o MIXTURE, ® ﬁ :
. L ta) AUXILLI4RY THANSFER FUNCTION INFO May BE INPUT FROM <C3> FOR . . 2 .o
- L4 _ . .ANY FREQ DOMAIN SCALING OF THE DATA, . - ﬁ g
b b . I18)  <TAPgl> FILES MAY BE SELECTED ‘JN ANY ORDER. DATA RECORDS o ¥ ;
- o “ITWIN A FILE MaY BE SKIPPED PRIOR 1O READ, THIS FILE AND . ¥ ‘
- 3 RECNHD SELECT DETERMINES THE ORDER IN wrlCH DATA IS PLACED. . 3 '
X .. ON ¢TAPE2> (WHICH MAY BE EITHER A DISK OR TAPE UNIT). . :
. t6) <TAPg2> FILES MaY BE SELECTED IN ANY ORVDER, . . . : .
i . (7) DATA SETS ARE PROCESSED INDIVIDUALLY, THE POWER SPECTAAL AVERAGE @ . . d '
: . OF SPECIFLED GROUPS OF COMPATIBLE DATA SETS MAY BE cOMPUTED . >R :
-3 . AND 'PROCESSED, : _ o | ;
» ) [ ¥ !
3 M ' . y % |
- ®  DATA CARD DECK STRUCTURES . . 5 3
a8 [ ] . - [ ] - H
L d o READ ORDER == 1~ DECK <C}> 170 CONTROL +READ By <MAGTAN1>® . o p:{ o
B . : 2~ DECK <C2(N)» (FOR DATA SET N),READ By <HDHCRDS>® : . . : ¥ :
o . 3~ DECK <C3(N)» (FOR DATA SET N),READ Ay <AUXMOD> ® ' ‘ ti i
. . - »
. . = REPEAT THE <C330¢C3> GRUOUP FOR EACH nATA FILE » A i
e . READ AND PROCESSED FROM <TAPE]> IN THE ORDER (N} ® . 5 ,
. . SELECTED FROM <TAPEl>. EITHER OR BOTH <C2> AND @ 3 .
i . <C3> MUST BE OMITTED IF THE CORRESPONNING AUX . »
i . INPUT 1S NOT OPTED By <Cl>, FOR <TAPg2> DATA . g
1 ] INPYT ONLY <C1> IS REQUIRED, L) [
"o . : . L




i . . T S i d . ~
i . SYSTEM FUNCTION eee . .- ) ' '
is A . . o . . ) - [ 3 .
:. . Z* . a STANDARDIZED FUNCTIONAL FURM 1§ USED 7O REPRESENT . . QySTEM ..
W . - CHANNELS AND THE NUSe. OF POLES AND ZEROS ARL FIXEDe A FIYED NOo . H
;- . Of ZEROS 1§ PLACED AT THE ORIGIN aND CERTAIN POLE ALLOCATIONS ARE . :
B [ COMMITTEN TO LU=-CUT USE WwITH THE OQRIGIN ZEROSs LD-CyT POLFS NOT . ‘
5 . USED ARE T0 BE PLACEU aT THE ORIGIN. OTHER POLES AND ZEROS ARE TO o :
L RE PLACED AT A HIGH ENQUGH FREQD TQ BE INEFFECTIVE IN THE PASS BANDe ®
o ° THE FOLLOWING NUTATION WILL USE! <J> = SYSTEM CHAN NO.. . o
o . : . <I> = POLE UR ZERO INDEX, . & & L
_ . - AP (J)> = PREAMP GAIN = CMAN Jo ‘ .
-4 . CAFQ(J)>= POSTAMP GAIN o ChHaN J, * A
LA <KX tJ)» = SENSOR GAIN FACTOR, ) -
- . o T SKP(J)> '~ POLE=ZEMO NOYMALIZING FACTOR = PREAMPe . g
. ) : €X1(J)> = POLE-ZERD NORMALIZING FACTOR = PLUG-IN FILTER. .. !
. . <KF (J}> = POLE-ZERO NOHRMALIZING FACTOR = POST FILTER, . ‘j
L <5> = COMPLEX FREQe : ) . LR
v, . <PtvJ)>= SYSTEM POLE, . K . - o
8 . €Z(1vJ)>= SYSTEM ZENRQ, . N Sl
. ;
. ‘ 2
1
o !
. . A "
1
. - ) Iy
R .
«':‘i
3
A)




. <DF (J1> = E=LINF LENGTH (MLTERS
. %0A(J]> » Aux TRANSFER FN GAIN FACToRo
CPA(TeJ) > AUX THANSHFER FN POLES
€ZA(19J) >~ AUX THANSFEM FN 2ERO.
. <NPalJ)y= NOy AUXK TF PULES = CH J
ANZatJY>= NO, AUX TF 2ERQS « CH J .

‘PRD ‘X(l))’!'l'" . X(l)'XlZ)'.,.X(N)

: ;1‘sz~50n-pataup N e _ _ ) ,
‘ AP(J"KX(J)'KP(J)O(Sl WRRtIIm Y Ee8) opE 1Y) 0 JuLs2

GP(J) [ SR raAt S RIS atrnaeecnra ¢ [ loo 9 Ju3,8
. : PROD (lS-Pu'Jl)"I'lOG :

WHERE Kp(J)im CAHS (PRD <P(th)>'l'2v6)

"\

] . P(11d) = LO-CUT POLE,
. PLue-!N rILTER N
‘. : PRO <S=2{Isg)>91nl,b
G‘(J) n Ki{J)¥=ne -
PRD <Sap{lyJi>eIs7,10 )
WHERE K1{J)® CABS((PRD <p(l, J)’vI-TqIO)/(PRO <z(on)>.x-lo4))

POST AMP.FILTER FN =

TRETPETeN S T
PR .L_Z_L (33

\I

s TR
RPPRP LN

A

AFO(JIoxF Ly 9 (See))
GF(g) » o veow
- . PRD <5=p{lsv)>slm1lsl9

WHERE XF1J)= CABS(PRD <P{1,J)>+1n1419)
Ptlsdysnll, 13 = LO=CUT POLES.
SYSTEM TaANSFER FN =
L6011 = GP1J1%61 L) *GF ()

AUXSULIARY TRANSFER FN == SEE <Abxnoo» FOR INPUT DETAILS.

o PRD <s-zntx.J)»ox-1.~zAcJ)
SN By w GALY) & eman
v : P20 <s-?A(!oJ1>oI-1.NPA(J)

" FOTAL TRANSFER FUNCTION REMOVED FROM DATA ===
60X (J) = GO(J) oG *

¢ SEE <POLYCO> FOR THE PULYNOMIAL REPRESENTATION OF <gox> AS
1T tS USED FOR RESPONSE CORRECTION IN <FILTER>,
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- 3 OTHER SPECIAL UUTPUT ROUTINES. THE OUTPUT OPTION SELECT AaRAY <S> @ , .
. {READ IN vIa DECK «<Cl>) 1S CHECKED TO o;rsnanE“Ins OUTPUT STATUS, " & . - - . L
LR ALL COMPUTED RESULTS ARE MADE AVAILABLE 70 ¢ 1> W/ COMMON <SPECH>,®
[ 3 v .
. SUBHOUTINE <OUTPHNT> FOR LINE PRINTER OUTPUT IS PRESENTLY INCLUDED. @ T .
. SUBH<QUTCARD>» COUTTAPED>,<OUIPLOT> ARE INSERTED AS BLANK ROUTINES FOR @ ..
. THE USER TO IMPLEMENT WITH H1S DESIHKED FoRMAT. . s
[ 3 . L ]
s SEE  SUBROUTINES <MAGTEL>9<ZF1T>,<0UTPT1> FOR OUTPUT PARAM DETAILSe *
e ' . . : . »
. : . . , ) . . . N - 2!
. o00300660.000Oooo.'.oooo.ooooo.oop.oooo.oooo.oooooo.oooooooo.oooo.oooiooooooooooo . .
.. - ’ e
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7 RUN VERSTON “~7 ~=PSR LEVEL 363~

(o S
C SAVE TAPE FORMAT .
c T .

FLAGY -

NFREQ

‘108 7

1

12 , L

o S

DATE IR
HOUR

T MIN
SEC
HEAD?(I-SOO)

|

__f:'QfTA RECORD=== -

VARTARLE OR ARRAY
FLAG?
TTTNFREQ
PAQSLVLS

ooonnn’nnnnnnnnnnnnnnnonnnnnnnnnnn'onﬁnnn_nnonnnno
m
~
—
v
0

|
|
|
|

TXXC ™
Ixve -
TExxe

. BTAK f'f' L.V";fuf;fff;ff

SURROUTINE OUTTAPE (TITLE+10S+11.12413)

" WORD NUMRER .-

1
2
3--82

A9 . : .

R4
85 -
86
a7

AR

A9
90~~5R9

WORD NUMAER
1

2 .
3-=22

23==224NFREQ -
2I4NFREN=-=22+2NFREQ

23+ 28NFREQ==22+27°NFRFQ
224279NFREQ=~22+298NFREN
234294NFREQ==22+3]1 ®NFREQ
?34314NFREQ==22+3A4NFREQ
23+334NFREQ~=22+3S4NFREQ
23+358NFREQ=~22+374NFRPED
23¢374NFRFQ==22+4 MARSA

. 2341 BNFREQ=-=22+4S8NFREQ

CI+HSUNFREQ==224490NFREQ
234490NFREQ=-=22+534NFREN
23452UNFPEQ-=22+5R4NFREN
23+GAONFPEQ-=2P+A3ONFRED
23+632NFREQ~=22+ARENFREQD
2346R4NFREQ-=11471¢NFREQ
P23+ 712NFREQ==22+73°NFREN
234734NFREQ-=22+754NFREQ |
234 7SUNFREQ==22+TRENFRFQ -

| 234TASNFREQ=--22+R0%NFREQ
23+B0UNFREQ==22¢R2NFPED

2I4R2UNFREQ=-=22¢RALONFREQ

T 2A+RLENFREQ=-=22+854NFREQ

2A+BSUNFPEQ==22+R68NFREQ

. 21+BO6YNFREQ==22+RTONFREQ
'?3087°NFREO°-2?‘lOS“NFREO

2341058NFR50-=22+1234NFRSR
2341239NFREQ-=22+1249NFREQ

OUTTAPRF:

OUTTAPF
OUTTAPE
OUTTAPE
QUTTAPE
OUTTAPE
OUTTAPE
QUTTAPE
OUTTAPF
OUTTAPF

OUTTAPE

OUTTAPF
OUTTAPE
OUTTAPE
OUTTAPE

- OUTTAPE

OUTTAPE
OUTTAPE
OUTTAPE
OUTTAPF
OUTTAPE
OUTTAPE
OUTTAPF
OUTTAPE
OUTTAPE
OUTTAPE
OUTTAPE
OUTTAPE
OUTTAPF
OUTTAPE
OUTTAPE
OUTTAPF
OUTTAPE
OUTTAPF
OUTTAPE
OUTTAPE
OUTTAPF
OUTTAPE
OUTTAPE
OUTTAPF
QUTTAPE
OUTTAPE

" OUTTAPE

OUTTAPE
OQUTTAPE
OUTTAPF

OUTTAPE

OUTTAPF
OQUTTAPE
OUTTAPE
OUTTAPE

" OUTTAPE
OUTTAPE -
_ OUTTAPE

ODNIVREIN

10
11
12

13

14
15
16
17
18
19
20
21
22
23
26

25
26

a4
2R
29
30
31

3277

= TAr T _

03/69/75 il L
» ”f.l_m@;._m;_,:ij!?

'?\’olg,'s i - _- '

- Beader Recovd y FLAGAL = A
~ NeRE®R =27 _ (LV. ol wns--:p_l Lu’nu1|

Pﬂ“ﬂ'91$

Neader words fwm
Tar= 2 Seecs.

oA — tean
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- 0
VERS!ON 2.3 --PSP LEVFL 163--“‘ o S T R el . 01100/75 e
!EXYC e s T 230 124%NFREQ-=22¢125#NFRPEN . OUTTAPE 56 i 3
EpDCO" ;- ST 234 12GSENFREQ==22+126*NFREQ ~ . "OUTTAPF - ST~ 'f;d N f..AL-J-J colcm - nal
CHPDCOM 7o e e T T 2341 269NFREQ==224127eNFREQ OUTTAPE 58 = 1y com :z LR i
T - OUTTAPF 59 R saiteasae Attt A BRI, Z
: T - OUTTAPE 60 :
COMMON /SPEC/SP(BY93) s . " . FRCI00)+RNSP(100) P (25+140)4PP(100425) OUTTAPE . 61 ';
1,0EPCI100+42) oELIPC(100¢2) «RIANC(10002) «RHNC(10042) »RIACI10042)e . OUTTAPF 62 e e O
TT2COR(1002Y«RCI100+4) sRIPC(10044)4COCI10044) +RRCI100+5) +sANC(10045)+ OUTTAPE 63 3
3 COHC(109:+S) s ANGC(10043) +RKMMC(10042) sALPC(100+2)+RTAC(100+3)+DELC OUTTAPE -1
_40100+2) +RRZE(100+2) 9AKZ(100+2) 9COK(100) 9 ANK(100) +RTAK(100) 4 OUTTAPE 65 _ e
B © SPIXXC(100. lﬂ)oRIXYC(lOOOIB)9PIEXXC(100)’RIEXYC(IOO)oEPDCOH(lOO)o OUTTAPF 66
6HPDCOH(100) OUTTAPF 67
____ COMMON /HEADER/ HEADZ(SOO) . e Lo oouTTAPE 68 -
T COMMON JPASSLVLZ ARRAY(20) 7T Tt ‘ . OUTTAPE 69
_DIMENSION TITLE(R) yRIOS(B0) +705(1) . : . OQUTTAPE 70
INTEGER DATECLOCK : , OUTTAPE Tl | L et o = —r v we st
,_____-* Sw S*&"“"'M _J'\‘w‘\-\g\h 9{ G-'f\ﬂul— V\M M.... - - s ton 12 et o O © 11 S ———n? .
J'Lv MJ-N& w"*tw <.>u.9\-0—-— Qov- So\cvov\n——- Macre . , e e e e e e = om —— ’
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037209775,

{TTTT 7 'SUBROUTINE MAGTEL (PeF oNSPoTITLE +NFREQoNRTAS) MAGTEL 2 T
BN 0EcNa0NDNBDNNBANRRNBIGRDNODORRVRONBNOBVBIVBDRODOTRDADORBUNBOEN ' MAGTEL 3 ’ EE
. #e GEQOTRONICS conp - Ausrxw. TEXAS USA se MAGTEL o L
B o ‘ . MAGTEL 5
SUHROUTINE 0MAGTEL> = FORTRPAN IV . . DRWS022X00) .. MAGTEL - 6.
' T a MAGTEL T
““usza CALL MAGTEL cp FvNSPoTITLFoNFRFOoNHIAS) o MAGTEL - 8 T ' B
L » MAGTEL 9 .
; © MAGTEL coupuvrs MAGNETOTFLLURIC (MT) RESULTS . MAGTEL - 10 R
7T T FROM THE POWER SPECTRA MATRIX +P>. QUANTITIES . MAGTEL 11 .
COMPUTED ARE DESCRIHED AELOW IN THE NOTATION @ . MAGTEL 12
GIVEN IN THE ¢MAGTAN1> MEANER, LI MAGTEL ., 13 . —
T T UALL OUTPUT QUANTITIES APE STORED IN COMMON osprc> L] MAGTEL - 14
FOR FURTHER ACCESS BY OUTPUT ROUTINES. . MAGTEL 15
& MAGTFL )
—~PARAMETERSO- ° MAGTEL 17 ".
*P(Je])> = AUTO=- AND CROSS~POWFR SPECTRA MATRIX. ron o MAGTEL 148 . .
FIELD COMPONENTS +EXsEYoHXyHYHZ>, . T MAGTEL 19 '
R " I- FREO INDEX N ¢ 77T T MAGTEL 20 i -
J= COMPONENT INDEX ° MAGTEL 21 . A
SPEC COMPONENT LOCATIONS - C ¢ - MAGTEL 22 — i
T T =" T 1-PEXEX J0=PEYEY 1Re19=PHXHY . MAGTFL 23 "y
: 2¢3=PEXEY 11012-PFYhX 20¢21-PHXHZ e MAGTEL 24 S
, 445-PFXHX 13+14-PEYHY 22-PHYHY . MAGTEL 25 "
TTENT T 6 e T=PEXHY 15416-PFYHZ 23424-PHYHZ . - " MAGTEL 7 26 ",
849-PF XHZ 17=PHXHX 2S~PHZMZ s " MAGTEL 21 . ; :
(CROSS-POWERS ARE STORFD WITH REAL AND .IMAG MAGTEL 28 — . "
TTTTTTT PARTS ADJACENT WORNS IN ORDER) # 7T MAGTEL 29 w!
NOTE 1-F-PNWER UNTTS = (MV/KM)b82/HZ o MAGTEL 30 -
_ H=-POWER UNITS =  GAMMA®®2/HZ o MAGTEL 31 . L
T . E=H=POWFR UNTTS = (MV/KM)®GAMMA/ZMH?Z » MAGTEL 32 né,
NOTE 2-THE COMPONENT 0RNFR GIVEN [S FOR P> , # MAGTEL a3 1
UPON [NPUT TO sMAGTEL>., THE eP> ORDFR @ MAGTEL kI N . =y
IS MODIFIED IN sMAGTEL> AFTER CALL OF # MAGTFL as ni e
sZFIT> AND SOME INFD 1S DISCARDED, THE o MAGTEL J6 |
"~ UNMODIFTED +P(Je1)> INFO IS SAVED IN o MAGTEL ) "
e " ePP(T4J)>. RHOTH ARE STORED IN ¢SPEC>, & MAGTEL 38 R la!
. 4F(1)> = FREQ NF ITH WORD IN ALL OUTPUT ARRAYS (HZ)., ® MAGTEL 39 . I
8.% - NSP(I)}> « NO. OF INCREMENTAL HARM ASSOC WITH .FR(1)>. . MAGTEL 40 A ie
DTTTTT TITLE> - TITLE OF DATA SET. - e MAGTEL ° 41 i
*NFRED> « NOo OF WORDS IN sFR(I)> (l= 1.Nrn50). LI “MAGTEL 42 Lo : = S _—
*NRIAS> = NO. or COMPONENTS IN 4P (Je)> (J=loN8!AS) . MAGTEL &3 - . s
e e e e s MAGTEL P " T~ 5 R
RPOUTINES CALLEDO *2FIT> . MAGTEL 45 - o o : : o .
SIDATANS . MAGTEL ~ &8 . —— . e {
o A ° MAGTEL 47 e : o»
" SPECIAL STORAGE AQEASO . . - MAGTEL ‘4R ' o - - . . - .
_COMMOM BLOCK ospsc> - 25000 wonos ° MAGTEL S T L . L
Tf“”‘ S » MAGTEL -~ S0 e B - n
’ ‘ S ‘. MAGTEL = 51 S P S
M RESULTS rnupursno (ARRAYS IN COMMON .sprc>) . JPOMAGTEL . S2 o e e e Gt
et .7 NOTE 1~SFE +MAGTAN1> FOR NOTATION,. _ MAGTEL 53 . . . . T
“NOTE. 2=1 = FREQ TNDEX (1=21«NFREQ). . . MAGTEL . 5S4 - co e eEm T
. I CONTENTS INPEX . .. . e . . MAGTEL S Ll *
S ' ’ A e -’ . T
-



: ERSION 2,3« =3 LEVEL 363-- . . . 03709775 Co
2 Lo S . " MAGTEL 56 . ST S VN
&« +MNFREOQ> = NQ. OF FREOS, = . - = - . MAGTEL 57 ' i
ot . #FR(1)> = FREQ. = I=14NFPEQ - (HZ) x . . - MAGTEL 58 - , , . ' i
L SNSP(I)> = N0, INCRFMENYAL HARM AVGD FOR oracx)>._”,, . . MAGTIEL 59 el .
e - o e %0 MAGTEL L 60 . . e . - '}
e 4PlJel)> = Powsn sPEcTnA MATPIX -~ SEF AnovE DEQCP.,;qw=“" _ - . MAGTEL. 61 T e T .
L. OPP(!cJ)>;éA = .P(J,1)> anon :TOUANY MOD OF oP>. .uv“, . MAGTEL . €2 . ot e !
TToTe T = - » MAGTEL ~ 63 - . LT T T o
e cDEPC(loJ)»L- J2142 = RATIO oF unonLanrzeo POWER TO TOTAL . MAGTEL .66 o S A
. o PONER or E AND H FIFLDS RESPFCTIVELY. o MAGTEL .. 65 . - ekl 4
QT T e . MAGTEL 66 R -
@ ‘ELXPC(I'J)> - J:].E ~ RATIO OF MINO® TO MAJOR axX1S oF . . MAGTEL 67 . i
. " __POLARTZATION ELLIPSE FOR POLARIZED COMPONENTS @ - MAGTEL ] =
T "“"““‘"’or E a&ND H(HORIZ) FIFLDS PESPFCTIVELY. . MAGTEL 69 T R , :
o "~ (s FOR RT HAND POLARIZ = CLOCKWISE WHEN o MAGTEL 70 T : ’ :
. A _LOOKING IN +2-AXIS DIRECTION) : . . MAGTFL A R . : '
L ' 0. MAGTEL 72
®  AIANC(IaJ)> = AZIMUTH ANGLE (DEGRFES) OF MAJOR AXIS OF . MAGTFL 73
° , ~POLARIZ ELLIPSE FOR E AND H(HORIZ) FIELDS. s MAGTEL T4 .
L o Tore T T MAGTEL - 7S
o OoRHOC(I-J)> = J=1,2- APPARENT RESISTIVITY (APP RES) FOR . MAGTEL 76
0 . ZX AND ZY RESPECTIVELY (OHM=METERS), ¢ . MAGTEL T _ -
[ 7@ 0 IACITINIY> T U=142~ PHASE OF ZX AND 2Y (DEGREES). . e T 7T MAGTEL 74
LI ocon(x.J)> = COHERENCY FOR (EX-HY) AND . (EY=HX), @ MAGTEL 79 .
° 0 . MAGTEL “80 -
T 0"WHERE " ZX '* 2 EX/HY AND ZY = EY/HX (UNROTATED CAGNIARD Z), " #® T MAGTEL T 81 - E
o , : » MAGTEL 82 !
o 4RC(14J)> = J=144= APP RES FOR TENSOR +Z> ELEMENTS L] MAGTEL 83 - 3
OTTTTT T T ZXXeZYYeZXYZYX IN NPDER (OMM-METERS), L Ba 1
o "eIPCULyJ)> = J=1eb= PHASE OF 2XXe2YYe7XYsZ2YX -(DEGREES) . MAGTEL 85 .
. *COC(Ted)> = J=loe4=~ PHASOR COHERFNCY FOR ZXXsZYYsZXYeZYXe * '~ MAGTEL __ 86 -
e ‘ o el T MAGTEL 87 X
. ©  NOTE=-RNTATFD +Z> AND +Y> RESULTS === IN THF FOLLOWING THE & MAGTEL = 88 C - !
: ° XY=AXES ARE ROTATED AT EACH FREQ TO ANGLE +A>=+A(Z)> ® MAGTEL . B9 . - _ - ' K
T 877U FOR #Z> AND INVERTED +Y> TENSORS SO THAT. I . MAGTEL 90 C . - !
L ;| CAHSeZXY(A)eZYX(A)> IS MAX FOR +A>=4A(Z)>, THE XY~AXES® MAGTEL 91 IR , Y
s ARE ROTATED FAR +YZ> (EQUATION 1-7 OF +MAGTAN1>) TO & MAGTEL - 92 o . : o
TBTTTTTT U ANGLE +A>=4A(YZ)> SO THAT CARSeYZY(A)> IS MAX (HZ 1S # MAGTEL 93 ) L ot ' :
6 ‘MOST COHERENT WITH EY), THE XY-AXES APE RPOTATFD FOR  ® MAGTEL 94 S - i
o . *KZ> (EQUATION I-R OF +MAGTANI> TO +A>=sA(K7)> SO THAT# MAGTEL - 95 e e . — RES.
"o < CAHSeKZX(A)> IS MAX (MZ 1S MOST COHERENT WITH HX), o MAGTEL &=~ 96 . . : : |
° -+ FINALLY THE . TMPEDANCES  +ZTE> (E PARPALLEL TO STRIKE)® MAGTEL 97 L i
o ANO +ZTM> (H PARALLEL TO STRIKF) ARE SELECTED FROM .- MAGTEL _ S8 : e .
- *ZXY(A(Z))> AND #ZYX(A(Z))> ON THE BASISO FOR THE . _ MAGTEL 99
e 1ST AN 4TH QUADRANT PRINCIPLE VALUES OF +A(Z)> AND . ~ MAGTEL 100 Lo e T e e
e 0A(YZ)> - e . MAGTEL . 100 . . e s
s lr(ABSoA(z>-Atv2)>.LE 45 DEGR) =~=s7TE>=¢ZYX(A(7))5 ®. MAGTEL . 102 ' S A N
. CL L sZTMZEZXY(ALZ))> & " MAGTEL 103 -, :
. rr(AHSoA(Z)-A(Y7)>.GT as DEGR) == s ZTE>=4ZXY(A(2))> & ° MAGTEL - Yo4 o .
L o -‘g SZTM>=+2YX(A(Z))> o0 MAGTEL - 105 R LT m
&l . R : : . MAGTEL = 106 ~ = o T o
LI oRRC(I.J)> - J:l'z- APP Res - oZ?F>.oZ?M> - +2> TENSOR e o CMAGTEL | 107 o e o
o T " Jibse APP RES = 4ZTE>e4ZTM> = ¢Y> TENSOR L% . MAGTEL - .los o L T B
= ’ ’ 5= APP RES =. ¢YZY(A(YZ))>= #Y> TENSOR .. ® - MAGTEL @ 109 Gl e T T e T
o _ (1.Ee= APP RES FOR-EY/HZ AT +AtYZ)5,) & MAGTEL. - 110 - . -7 o o - SN =
- . . S
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0AMF(I-J)>

SALPC(TeJ) 5.
+BTAC(IJ)>
L J

T eAKE (TN >
sCOKLL)>
+ANK(1)>

" sBTAKI(T)>

AIXYC(1ED)>

+TEXXCIT)>
SIEXYCL(I)>

MOTE=-=REFER

e .a T

}'gCOHc}x.Jys'
SANGCITedY>

© SDELCIToN)>

T eKMMC (T e ) >

sKZE(T o>

'J=10?P

J-lo?-
Jels=
S=

. TY T

AN VERSTON 2. 3 ==PSh LEVEL 151-- 

PHAGE = s7TE>.e7IM> ~ = o2> TENSOR
PHASE = #ZTE>¢eZTM> = oY> TENSOR
PHASE = #Y2Y(A(YZ))> = #Y> TENSOR

PHASOR COH = #ZTE>4sZTM> = 47> TENSOR -

PHASOR COH = +7ZTE>e4ZTM> « oY> TENSNR
PHASOR COH = +YZ?Y(A(YZ))}>~ +Y> TENSOR
sAL7)>=e2> TENSOR 0A(7)>-0Y> TENSOR
SA(YZ)> = oY> TENSQP

-NORMALIZEDN DENOMINATOR YEPNS ASSOC

. WITH SOLUTIONS FOR #Z> AND +Y> nesp.

J=142-

(USED TO ASSFSS COMPUTATIONAL
STARILITY, +Z> QR +Y> FSTIMATE 1S
ACCFPTED 1IF +0FELC>.GE +0e1>),
TENSOR SKEW FOR 2> AND sY> PESP,

‘DEFO

J=1e3-

J=142=~

J:].é-
Jzl 2=

SIXXCUTedI> = J=141A-

J=1418=

"DECIMAL E

DECIMAL

*BLPCO=+ZXXOTYY>/02XY=2YX>
{INDEPENDENT OF +A>). .
TEMSOR ELLIPTICITY FOR oz>.ov>.ovz>-
RESP. DEFO -
AHTAC>=+YZX(A)>/eYZY (A)>eaA>=aALYZ)>
NO.OF INDFPENNENT SOLUTIONS OF
42> AND +Y> RFSP ACCEPTED AND AVGD

I BN EEEEEREERNIEENNERERIJE}.

TOGETHER = USING +DFLC> ACCEoTANCE TESTe
SKZX(A)>eeKZY(A)> HFSP FOR +A>=+A(KZ)> #

(EDIATION 1I-=R OF #MAGTAN]>)

PHASE FOR +K7X(A)>44KZY(A)>9eA>=sA(KZ)>®

(HZ=HX) COHFRENCY FOR +A>=sA(KZ)>

+A(KZ)> FOR «K7> TENSOP ’

+K7> TENSOR FLLIPTICITY,

DEFD 4RTAK> = +K2Y(A)>/+K2X(A) >4
sA>=2A(KZ)> .

MOTE==THE FOLLOWING ARRAYS PERTAIN T0O ROTATION OF +7XX>
AMD #7ZXY> RY 10 DFEGRFE INCHFMENTS FROM +A>£<R0 oen
TO *A>=490 OFG FOR EACH FREN VALUF.

APP RES FOR ¢7XX(A)>e =8N2A2490 DEGP

ss e esssesss

. IM 10 DEGR INCR. (DIVIDED BY 10@21XXC)®

AP RES FOR +ZXY(tA)>e =B802A%2490 DFGR

-

IN 10 DEGR INCR. (DIVIDED RY lO'“lXYC)'

EXPONENT FOR «IXXC>.
EXPONFNT FOR 01AYC>.

TO REFERENCE (S) GIVEN N 0MAGTAN1> FOR. MORE
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SURROUTINE OUTPTI (TITLES105+11412413)

B QGQ.OQDIQGQGDODO0GQDOGQQ50Dob00000G6000000"60900049004’0“0000 baoon

o ) o+ . eo GEOTRONICS CORP = AUSTINs TEXAS USA ee

.- -

,'. * SURRDUTINE’ +0UTPT1> - FONTRAN 1V - :--fﬂ‘., DRW5014X001"

I

“ USEU CALL OUTPUTI (TITLEQ!OSvllOI?o!3)

_OUTPT) CONTROLS THE OUTPUT OF +MAGTAN1>. ARPAYS TO BE
OUTPUT ARE TAKEN FROM-COMMON BLOCK +SPEC>, OUTPUT
OPTIONS ARE CONTROLLEN BY THE 1/0 SELFCT ARRAY 10S>.
+10S> ALLOWS SELECTION OF ANY OR ALL OF A NUMRER ,“
"OF PRINTED OUTPUT SURSETS PFP SUBRsOUTPRNT>s PUNCH

CARD OUTPUT PER SUBR+OUTCARD>. AND MAG TAPE OUTPUT

PER SURR+QUTTAPE>, THE FLAG PARAMETERS +11>+e12>0413>"

ARF PASSED TO INDICATE THE IDENTITY AND STATUS OF

THE DATA SET REING PROCESSEN, THESE MAY BE USED WITH
(+10S> IN SFLECTION OF THE OUTPUT OPTIONS WITH LOGIC

" ADDED RY THE USER.

" (PLOT NUTPUT BY SURRsOUTPLOT> MAY RE EASILY INCLUDFD

BY ADDING THE PROPER CALLING LOGIC TO +OUTPT1>, USING
BLANK ELEMENTS OF +10S>.)

i

:

PARAMETFR%O
T eTITLE> = DATA SFET TITLE,
‘IOS(N)> - 170 SELECT AQRAY = (B0 SINGLF CHAR ELEMENTS).
. IOSIN)=1 - EMABLF CONDX FOR ITEM N
=0 = DISAPLE CONDX FOR ITEM N
- 4---TABLE oF PPESENT IMPLEMENTATINN O] +105> OPTIONS.

e ————

.“O.GO‘O.“3’00.‘,.“0‘.‘0.‘00

_ N=1 « TITLE PAGE 1 = PER SURRTITLF1>. .
2 = TITLE PAGE 2 = PER SURR+TITLF2?>.
3 -~ DECODED TAPE] HEANER INFO ~ PER SURReTFOUT>.
e 4 = BLANK L
- " 8 = ENARLE CALL SUBRsQUTPANT> = CK IOS(MN)WN= 6e)9,%
. 6 = E~H FIELD AUTO-POWER SPECTIRA, «sOUTPRNT> @
7 = E-H FIELD POLARIZATION PROPERTIES, =¢QUTPRNT>,®
TR = Z-SCALAR RESULTS. | « UNROTATED., =+QUTPRNT>.,&¢ 7
9 = Z-TFENSOR PESULTS = UNROTATEDs =¢QUTPRNT>.®
10 = Z=TENSOR RESULTS =~ =  ROTATED. =+0UTPRNT>.®
T 11 = Y-TENSOR RESULTS . = = ROTATED., «+0UTPRNT>,®
12 = HZ-RELATIONS - ROTATED. =+QUTPRNT>,®
13 = Z-TENSNR AX1S ROTATION = FREQ MAP.=+NUTPRNT> . #®
14 =« PRINT SETS Se13 Fon AVG RESULTS ONLY. -
. 15-19 = BLANK .
) 20 - FMARLE CALL SUBROOUTCARD> - CK IOS(N).N:ZloZO »
21-29 ~ BLANK -
~ 30 - ENARBLE CALL- SUBROOUTTAPE> - cx 105 (N) oN= 3. 39,e
© 31239 - RLANK L
B T T 40-80 = BLANK  (MAY BE USED FOR ADDED OPTIONS) . e
. .. NOTE= IN PRESENT USE 105> ELEMENTS HAVE ONLY 2 STATES#
T . e0> AND #1>, 'THE USER MAY INTRODUCE STILL MORE +
TTTTTTOFLEXIAILITY BY IMPLEMENTING THE USE OF. MORE .
. -STATES. ANY OR ALL OF THE ALPHANUMERIC CHARACTER“;:”'

ceaotiooooodooqicioottaqoodooitaoooqoo(oabo%igo
. . . . , H . ' R . - .

"Assr MAY BE USED. | Te

oUTPT]
oUTPT]
ouTPTY
oUTPT]
OUTPTI

ouTPTL

oUTPT]
OUTPT)
ouTPT)
ouTPTY
ouTeT]

OUTPTY

OUTPT1
QUTPTI]
OUTPT1
ouTPTI1
QuUTPT]
ouTPY1
outePT]
ouTPTI1
OUIPTI1
ouUTPT1
ouTPT1

T ouUTPTL

OUTPT1
OUTPT}

OUTPT]
OUTPT]
OUTPT]

C OUTPTI

OUTPTI
OUTPT1
ouTPTY
OUTPT}
OUTPT1

_outPT

outePTl =

QUTPT1

OUTPTL

OUTPT1
OUTPT1
QUTPT1
oUTPT1
ouTPT1
OUTPT]

OUTPTY .
©ouTPTY .
~ OUTPTY
ouTPTL
ouTPT

OUTPT1

© . OUTPT1. . -
T OUTPTY .
QUTPT]
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ROUT!NFS CALLEDO . 00UTPRNT>
+0UTCARD>

"‘"ﬁ"“‘"f* T T SQUTTAPES

SFECIAL STOPAGE AREASO

N COMMON BLOCK +SPEC> = 268?8 WORDS

NOTE ~ SEE SUBR<MAGTEL> AND SURRsZFIT> FOR

e e e v —— s s et mies babn o e e aeem =

_DEFINITION OF OUTPUT ARRAYS IN +SPEC>,

0!)> - OUTPUT DATA srr srarus -00>-§1NGLF DATA srr.

. #1>=GROUP AVERAGE,:
orz> - DATA SET Gnoup r~oex ted> IN sMAGTANI>),
13> - DATA SE7 INDEx IN. GROUP'IZ> (+1> TN +MAGTANI>.

.
-
-
[
L 4
L ]
L 4
-
*
o
L4
o
»
L

o«

. ouTRT).
_ OUTPT)

ouUTPT1
QUTPTI
OuTPT]
ouTPT)

ouTPT1.

OUTPT]
ouTPT1

ouTPT]l

oUTPTI1
outTPTY
OUTPT1

OUTPTY’

NNTOTS
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i ON 243 ~=PSP -.r,vet'aaa-- = 03709278 T ,
sunoouvrut OUTPQNT(TITLEoIOSoIlotz 3 o ' ‘ OUTPRNT -~ 2 . o R o |
.oooonouabnooaoooooouae-oaoduooaooa»enuoouaa»bnooooooouaoaooonoau ’ ouUTPRNT . 3 . - o - R £
e e °° GEOTRONTCS copp - AuqrxN. TEXAS USA oo . OUTPRNT e - L L S
TRy : o e ~ OUTPANT 5 ' W P i
.SUBROUTINE OOUTPRNT> -, FORTPAN tv W.L~h . ogalozsxoox .. OQUTPRNT ) N .
S - S o OUTPRNT 7 e e ‘
"USED”“CALL OUTPRNT(TITLE.!osoll.l?.lni LI - QUTPRNT A o A
S Co o OUTPRNT 9 v
N THIS nou‘nNr DRODUCES LINE PDINTEP OUTPUT FOR RESULTS e OUTPRNT 10 - e |
TUTTTTTU FROM eMAGTEL> AND #ZF1T> WITH APPROPR!ATE TITLES AND ® OUTPRNT 11 )
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Appendix C, Computer Prbgrmns, continued...

(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 1gnore electrically

thin resistive zZones.

(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 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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