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Abstract

The three—dimensional magnetic modelling program of Donald Plouff
(Plouff, 1975) has been made operational on a Honeywell Multies 68/80
computer. Modifications were made to input and output procedures to make the
program compatible with U.S. Geological Survey (USGS) standard geophysical
input and output formats.

Introduction

This program calculates the magnetic effect of three-dimensional models
that consist of elements that form polygons in plan view (Plouff, 1976). The
elements of the models are bounded by two horizontal planes and a series of
intersecting vertical planes. The calculations use an exact formula rather
than using a numerical integration approach of previous Talwani (1965)
programs. Thus, values can be obtained on or inside the model. A least-
squares comparison between the calculated anomalies and an observed field can
be used to determine the best total magnetization vector (amplitude,
declination and inclination) and also the best magnetic susceptibility for the
assemblage of polygonal prisms.

Description

Model input to the program consists of x, y, and z coordinates of polygon
corners. A maximum of 50 polygons can be specified and the total number of
corners for all polygons cannot exceed 900. Parameter input such as plotting
variables, magnetic susceptibility and inclination, and so forth are entered
from a command file in namelist format. Fieldpoint locations and optionally
observed values at these locations are read in from a disk file. This file
can be user—-formatted random data (see Appendix B) or it can be in USGS
geophysical grid format (see Appendix A). If the height of the fieldpoint

locations of a grid file are not on a level plane, a second USGS grid-format
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file containing the elevations of the fieldpoint locations can be read.

Output from the program consists of printed information about the bodies
and fieldpoint coordinates and values. Contoured output may be directed to a
line printer or terminal, or grid-format files can be created that can be used
as direct input to a contouring program.

Program Usage

Parameters and body coordinate data are obtained from an ASCII segment on
disk created by the user prior to running the program. This segment is read
by Fortran unit 9; attachment and detachment of the segment are accomplished
within the program. The program parameters are read from the first part of
the segment in namelist format. The segment therefore must start with the
characters "&parms" followed by any number of namelist variables explained
below and followed with the character "&". After the above character, the
body coordinate information explained below is read from the segment.

Fieldpoint information in either a user—-specified format or in a USGS
geophysics grid format is read from a separate segment created on disk by the
user before running the program. The maximum number of fieldpoints allowed is
1,000. This segment is read by Fortran unit 10 and is attached and detached
within in the program. With user~formatted input, the height of each
fieldpoint location is specified; this is not the case with grid files. 1In
order to allow this flexibility with grid files, a second file that contains
the heights of the fieldpoint locations may be read in from disk. This file
must have the same header information as the location file, that is, it must
be registered. This optional segment is read by Fortran unit 11 and is

attached and detached by the program.



Following are explanations of the namelist variables, grouped under usage

subheadings.

File information

ifile - the name of the file that contains the fieldpoint information.
It must be enclosed in quotes with a maximum length eof 50 characters.

ifile2 - the name of a grid file that contains the heights of the
fieldpoint locations. It must be enclosed in quotes with a maximum
length of 50 characters. This file is not necessary if the parameter
"height" below is used.

name - a character variable that states the type of data that will be
read from "ifile". Default is the characters 'gridded", which means
that the fieldpoint data will be read as a standard USGS geophysics
grid file. Any other characters (maximum of 8) enclosed in quotes will
assumed a user—formatted file.

height - the height of the fieldpoint grid above the same datum that is
used to reference the body heights, for example, sea level. Positive
values are upward. See parameter "unix" below for specification
units. This parameter is used only when name = "gridded" and ifile2 is
not specified. Default is zero.

ifmt - the format to be used when reading a user-formatted file for
fieldpoint data. Four variables are read for each fieldpoint location
in the following order: =x coordinate, y coordinate, observed value,
and height. The parameter must be enclosed in quotes, for example,
"(4F10.2)". A maximum of 80 characters can be used. Default is '"(v)"

for list directed input.



Plotting information and scaling
I. iplotr = a number that determines which plotter device is to be used.
The number 9, which is the default, directs all plotting to an output

" as a prefix to

file on disk, which is named with the characters "print.
the command file name. One of the numbers listed below will direct the

plot of the body corners and fieldpoint locations to that device.

0 = Calcomp 7900

1 = Tektronix 4010

2 = Hewlett—-Packard 7202

3 = Hewlett-Packard 7203

4 = Tektronix 4014 low resolution

5 = Tektronix 4014 high resolution

6 = General vector output, for example, electrostatic printer/plotter

ibody -~ a nonzero number will create a plot of body corners and
fieldpoint locations. Default is zero.

iobs = a nonzero number and iplotr = 9 will create printer contours for
gridded input fieldpoint data. Default is zero.

icalc = a nonzero number and iplotr = 9 will create printer contours of
the calculated data. A nonzero number will create a standard USGS

' as a prefix to the

geophysical grid file with the characters "calc.'
command file name, which can be contoured later by a contouring
program. Default is zero. [This parameter is applicable only with
gridded input fieldpoint data.]

ires - a nonzero number and iplotr = 9 will create printer contours of
the residual data values (observed-calculated). A nonzero number will

create a standard USGS geophysics grid file with the characters "res.”

as a prefix to the command file name, which can be contoured later by a
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contouring program. Default is zero. [This parameter is applicable

only with gridded input fieldpoint data.]
idplot = 40 characters of identification that is printed at the top of

printed output. This parameter must be enclosed in quotes and the

default is blanks.

dc - the contour interval to be used if printer plots are requested.

Default is zero.
xscale — the scaling factor to be used only when plotting body

coordinates on a plotter device other than a printer. It is specified

in coordinate units per inch, for example, 62500, if inches are the

units of measurement (see "unix'" below). Default is zero.

unix - the units of measurement in the X and y directions. It is a four

character variable which must be enclosed in quotes. Options available

are "feet", "mile", "kilf", "kilm" and "metr'". Default is "kilm".

uniz = the units of measurement in the z direction. It has the same

options as '"unix" above. Default is "feet".

naxcol - a number that controls the horizontal width of printer plots.
If later printing is desired on a data terminal, then 79 should be

used. Default is 130 for plotting on the full width of a line printer.

Magnetization information

earth ~ amplitude of Earth’s total field in gammas. A positive value of

"earth" indicates that the exact formula will be used for calculating

the true anomalous total field.

T = (lH+X)2 + (ml-l+Y)2 + (r11-l+Z)2 - H, where H = "earth" and X, Y, and

Z are the components of the anomaly along the three orthogonal axes and

l, m, and n are the direction cosines of the Earth’s field. For the



most commonly used option, if "earth" is less than zero (that is,
"earth" is the negative of the amplitude of the Earth’s field), an
approximation to the above formula will be used for determining the
anomalous field: T Z 1X + mY + nZ. Use of this approximation implies
that the direction and magnitude of remanent magnetization of the model
has a negligible effect on locally changing the apparent direction of
the Earth’s field. The value of "earth" can be zero for the rare case
in which the user wishes to isolate the effect of remanent
magnetization yet assuming a negligible external magnetic field: this
option must not be used if the magnetic susceptibility within the model
is specified because the induced magnetization could not be calculated.

dec - the declination of the Earth’s field. It is measured in degrees
positive clockwise from the positive y axis as viewed from above.
Default is zero.

fincl - the inclination of the Earth’s field. It is measured in degrees
positive downward from a horizontal plane. Default is zero.

datum ~ a number to be added to the calculated anomaly to convert to the
observed anomaly values. This is nearly always zero, which is the
default.

1lsqs - a number that determines what type of fieldpoint (observed) values
will be read or what type of least-squares comparison will be made

between the calculated and observed data.

0 = no fieldpoint (observed) values will be used. It must be kept
in mind that it is always necessary to read fieldpoint
locations in order to define the positions at which the model
values will be calculated.

1 = y component of magnetic anomaly.
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X component of magnetic anomaly.

3 = vertical component of magnetic anomaly (some ground surveys).

4 = total horizontal component of magnetic anomaly.

5 = total magnetic anomaly (the usual observed aeromagnetic
anomaly).

6 = a best total magnetization vector (amplitude, declination and
inclination) will be determined by a least-square comparison
between the observed and calculated values.

7 = a best susceptibility, assuming no remanent magnetization, will

be determined by a least—squares comparison between the

observed and calculated values.

Body information

Following the namelist variables in the command segment is parameter
information for each body of the model. A total of 50 bodies is permitted and
each body has the following format (see Examples of Program Execution):

Eight parameter values precede the body coordinates. The values are read
from one line in v format. The order of the values are as follows. 1) The
number of corners of the body. 2) A print switch for body information. A
zero means no additional printout. A positive number will print the
contribution of this body at each field point. A negative number, used for
debugging, will print the values of key parameters for each polygonal side of
the body (integrals Vl-V6). 3) The volume magnetic susceptibility for this
body in e.m.u. times 100,000, This can be zero only if the following value is
nonzero or "1lsqs" = 6 or 7. 4) The remanent or total volume magnetization in
e.m.u. times 100,000. This can be zero only if the preceding value is nonzero

or "lsqs" =6 or 7. 5) The declination of remanent or total magnetization in



degrees, measured positive clockwise from the direction of the y axis. 6) The
inclination of remanent or total magnetization in degrees, meaxured positive
downward from the horizontal plane. 7) The height of the top of body. The
positive direction is upward. 8) The height of the bottom of the body and
again the positive direction is upward.

The ©body coordinate corners follow the above parameter line in x and y
pairs. The progression of corners is clockwise as viewed from above. The
first pair is not repeated at the end of the list and the total number of
pairs must equal the first number of the preceding parameter line. A hole may
be removed from a large body by treating the hole as a separate body with the
same magnetization contrast as the parent body but with input progressing
counterclockwise from corner to corner.

After the program finishes computations using the above parameter and
model information, it will try to read another parameter line from the command
segment. This optional parameter line will permit calculation of magnetic
components using a different set of magnetization parameters for the previous
model without recalculating the six time-consuming volume integrals. However,
the parameters are the same for all bodies of the model. Any number of these
optional parameter lines can be placed in the command segment. If this option
is used, a line containing eight zeros must precede the first parameter
line. The parameter line consists of six values read in a v format. The
order of these values are as follows. 1) The plot switch "icalc" (see above
under Namelist variables). A word of caution: if this is a nonzero number
and "iplotr" is not 9-—the grid file created will supercede the standard
calculated file created from the previous model. 2) The amplitude of the
Earth’s total field in gammas (see "Earth" above under namelist variables).

The declination and inclination of the earth’s field remain the same as



defined before. 3) The volume magnetic susceptibility of the model in e.m.u.
times 100,000. This can be zero only if the following value is nonzero.

4) The remanent or total volume magnetization of the model in e.m.u. times
100,000. This can be zero only if the preceding value is nonzero. 5) The
declination of magnetization of the model, measured in degrees clockwise from
the positive y axis. 6) The inclination of magnetization of the model in

degrees, measured positive downward from the horizontal plane.

Program Execution

To run the program type the characters: D>onlinedReg>Pgmsdmagpoly. The
program will then type the statement: "enter command file name:". The user
then types in the name of the command file that he has previously created on
disk and program execution continues. If no error messages are generated and
the program terminates normally, a message is printed that states that the
output is in a file that is named with the characters "print." as a prefix to
the command file name. The user then can observe the results of the program
by printing this file, which resides in the user’s working directory on disk.

If a plot of body corners and fieldpoint locations is requested on any of
the offline plotting devices, then the program will be interrupted by the

plotting system to ask the user questions.



References

Evenden, G. J., and Wahl, R. P., 1977, Basic plotting system: U.S. Geological
Survey unpublished documentation.

Plouff, Donald, 1975, Derivation of formulas and Fortran programs to compute
magnetic anomalies of prisms: U.S. Geological Survey Report, 112 p.
available from National Technical Information Service No. PB-243-525,
U.S. Department of Commerce, Springfield, VA 22161.

Plouff, Donald, 1976, Gravity and magnetic fields of polygonal prisms and
application to magnetic terrain corrections: Geophysics, v. 41, no. 4,
p. 727-741,

Talwani, Manik, 1965, Computation with help of a digital computer of magnetic
anomalies caused by bodies of arbitrary shape: Geophysics, v. 30, no. 5,

p. 797-817.

10



Appendix A

Command Segment Examples

l. The following example will calculate a best susceptibility between
the observed and calculated values and a plot of the body corners
and contours of the observed, calculated and residual values will be
placed in a disk file.

Rparms unix="nile”,dec=17,9,finc1=h2.5,eartn==-52000,
iooay=!l,icalc=1,ires=l,iobs=1,1sas=7,ifile="maapolv.arid",
height=4Sy0,dc=20,idrlot="maapoly rtest 1",%

2o 0 U U 17.9 62.9 ¢0ul 1200

1.14 .80 1l.01 .71 .64 1,07 .46 .6 .58 1.04 .05 .62 =,05 1.07 .46 1,56
.05 t.% .47 1.&9

o2k 2.16 .52 coT7 o3 5.09 .49 3,92 .83 3.91 .76 3.63 1.3 3.43 1.83 4,39
2.31 4.32 2,4¢ 3.9 2.6R 3,57 3.01 3.73 2.84 3,06 3.2 2.7 3,27 2.36

3.1 1.P2 3.0 1.52 3.65 1.13 4,05 77 3.92 .52 3.61 1.06 2.95 1.12

2.31 b8 2.77 5 2.47 .02 2,17 .40

11 0 0 0 17.9 A9 <809 200¢

12 1.21 .54 2,29 .5 2.36 .51 3,34 1.51 3.29 1.95 4.12 2.14 4,06 2.71 3.49
Pebl 3.01 3,135 2.54 2,93 1.24 :

4 n 00 17,9 62,9 2400 2000

4 1,25 .56 1,83 T2 1.30 .6 1.19

12 0 0 0 17.9 hc.9 2800 24n0

P51 1.4F 1,0 1,49 .95 2,04 1, 2.51 1,46 2.97 2. 3.93 2.21 3.8%5 2.6 3.47
2,43 2.96 3,035 £,54 2,8 1, ,R2 2,57 1,77 -

130 0 0 17.9 keo9 32u0 2590

1.52 1e0R 1,27 1.94 1,6 2,64 1.46 2.R3 1,77 2.9 1,88 3,48 2,12 3,74
P.89 .41 2.24 2,93 2.87 2.49 2,77 2.07 2.8 1.94 2,32 1.62

130 00 17.9 k2.9 3600 3200

P.12 1eb 1.5 1e86 1.9 2.97 1,92 3.24 2,06 3.62 2.35 3.3% 2. 3,01

1.94 2.79 2.18 2.02 P.24 2.7 2.09 2.53 2.7 ¢.15 2.24 2.11

A D N0 17,9 2.9 2800 5600

1.7 2. 1.9 2.0% 2.h4 ¢.5 ¢.65 2.21 2.15 2.18 2.08 1,R”y4

140 0 0 17.9 62,92 440y 3840

P.0d 1.97 1.95 1.97 1,95 2.0% 2.%0 2.04

4.0 0 0 17,9 62.9 4¢N0 3800

1.R9 2.19 1,29 2.5 2,55 2,49 c,0 2.31
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Command Segment Examples--—Continued

2. This example will perform a forward calculation from the nine model
bodies specified below. The fieldpoint locations are read from a
user formatted file.

fparws unix="mile",dec=17.9,fincl=62.9,earth==52000,iplotr=1,xscale=.5,
insavst,icalec=1,ires=1,i00s=1,1sas=5,ifile="maapoly.test!",
narez="formatted",heiont=4500,dcz?C,idolot="magnroly test 17,%

6 0 0 U 17.9 62.9-cNul 1200

1.14 .88 1,01 .77 .64 1,07 .46 .6 .54 1.04 .05 .62 -.05 1.07 .46 1.56

.05 1.% .47 1.89 -

2k 2,16 .52 ¢.77 o3 5.09 .49 3,92 A3 3.91 .76 3.63 1.3 3.43 1.83 4.39 BODY
?.31 4.3% 2,82 3.9 2.57 3.57 3.01 3.723 2.688 3.06 3.2 2.7 3.27 2.36

3.1 1.P2 3.0 1.52 3.65 1.13 4,05 .77 3.92 .52 3.61 1.06 2.95 1.12

2.31 b8 2.77 .5 2.47 .03 2.17 .lo

11 0 0 0 17.° A2.9 2800 2000

1.2 1.21 .54 C.29 o8 2.36 .51 3,34 1.51 3.2%5 1.95 4.12 2.14 4.06 2.71 3.49 BoDY
?.61 3.01 3,13 2,58 2,93 .24 ’

4 060 00 17,9 62,9 2400 2000 L

.4 1.25 .56 1,43 .72 1.38 .6 1.19 BODY
12 0 0 6 17.9 62.9 2800 2400

?.51 1.4F 1.4 1,49 95 2.08 1, 2.51 1,46 2.97 2. 3.93 2.21 3.8% 2.6 3.47 BODY
2.83 2.96 3.03 2.54 2,8 1,82 2.58 1.77 ’

13 0 0 0 17.9 6.9 32v0 2890

1.52 1.0 1.27 1.94 1,6 2,64 1.46 2.R3 1.77 2.9 1.85 3.48 2.12 3.74 BODY
2.89 3.41 2.24 2.93 2.87 2.49 2.77 2.07 2.4-1.94 2.32 1.62

130 00 17.9 62.9 3600 3200 ®
2.12 1.8 1.5 1.86 1.9 2.97 1.92 3.24 2.06 3.62 2.35 3.3% 2. 3.01 BODY
1.94 2,79 2.18 2.0? ?.74 2.7 2.09 2.53 2.7 2.15 2.24¢ 2.1}

A D DN 17,9 62,9 3800 3600
1.7 2. 1.9 2.0% 2.h4 2.5 2.65 2.21 2.15 2.18 2.08 1.R4 BODY
40 00 17,9 62.92 2009 3200
?.04 1.97 1,95 1.97 1,95 2.05 2.9%6 2.04 BODY
4 000 17,9 62.9 4000 3300
1.89 2.19 1.R9 2.5 2.55 2.89 2.6 2.31 . BODY

12

3



Appendix B

Output Example 1

The following output was produced from command example 1.
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Output Example I-~Continued
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Appendix C

Output Example 2

ing program

.

The following output was produced using command example 2 and a contour

to produce the plots of the observed, calculated, and residual values.

oul e

L] Y a4
029°¢

o6h°2
006°2

0ns°e
0L6°2

L]/ 4
0s2°¢

080°0
0¢s°0
09t°2
006°¢
ol6°¢
06N°1
ovo°t

vsite

ohee
v90°¢

0lu°e
oLLt

070°¢
o9n°1

[ 9 B
[ R R |

oiln°e
v26°%
0l g
oen*e
0f9° 0
oln°o
ons°o

viese

0?9°¢
ohe°e

vfo°e
ofy°"e

0962
01s°2

068°1)

0l10° ¢
obr°t

00%°0
oLLco
00L°2
08g°oy
076°¢
09" |
009y

059°2

outl-2
0¢6°1

one°e
09h°1

(24 Aerd
ovo°t

009°0

019°2
045°0

orL-2
020°h
002°%
oteg°2
06t °0
050°0
09n°0

-

“SLI Q=3IYF el SE AMLLENMIU9ODIID D ey w
one°1 vgu°¢
00s°2 vh9°¢ vEY°t¢ 006° 1 oon-e VoL i
*8J49UN0D ¢y YyIgM 000° 009 pue 0P YNyt SYJIJIP UIdUMIdYy Apoy

*SLI G-IYF°Hes L XY >arﬁhs—ueuuu:w Ji)eupew

ol1°2 onete 0S¢ ovl°e 0:5°2 veY°c
Nol*2 one” ('] LT 0002 0 g°¢ 06y ¢
0L6°2 096° ) 0oy ° i 006°1 ouR°t 021°¢

TE4PUU0D ¢ YIEM 000°002%  PUE Y00°009f  SYIUdp UIWMIAY 9  Apoy

*SLI G-39§°4¢€ S} A1} 4QpIU3ISNE Iy Joupew

029°1 02y °¢ ove* 1 oon°2 0,0°2 uiLte
oin°¢ 06n°¢ onL®y 0cl1°? Ouh°§ oGy |
o092 009°1 oho° ) 021 0y9°1 02s° 4

*$40UJ0D §1  yIEM 0Y0°0082  PUC 000°V0CE  SYIAIP UBIMIIY §  ApOy

*SLI G-39¢° 6t S$§ A})11Q430328NnS D} juvnew

oLL" 1 0uys*2 neot U117 R
oLn°Y 009°¢2 (L 1'R 1 o12°2 0v6°¢ vov*e
opo*2 (1] T | oencl oon°1 Ouh*1 oIste

*S42UJ03 ¢ yIEM 000°00HS  PU® Y0V U0W2  SYIUAp UdIMIAY gy  Apoy

*SLD G-39F° 2% ) AN(119}3Id3I8AE D} vupew
Ong°1 veLco ogh° i 09S°0 092°1 0on°0
*$J43Ua0D p 4ipm 000°000¢ pue gov°oo0n? Syladp udumaay 4 Apoy
’

*SbI §-39€°6¢S $) A)}1)10110398SNS D} YsupCu

‘ U Tl | vEo° ¢
06h° ¢ oree V90" w opl°2 0t VGo " |
09¢°2 009°0 vee°¢ ons-o oie°l voc*i

*SJ43UJ0D IT  YIIM 000°000¢ PUY Q00°00R2  Syludp udemiay 2 Apoy

*SLD §-39§° 6§ S) Ad}|}10)103I8NS I} aUDOW

J 09h°0 vLie
0ug9°o0 [} 4 vel°i 056°2 090° 1V 0192
0st1°1 089°t 02s° 8 0v9°¢ 0281 Vol°g¢
080°¢ (12" a4 0td°¢ 010°¢ 0LS°¢ [1]: 4
06" N oty i (14 A8 Y 0ot} 039°¢ 09L°v
060°% 00%°0 0lL°¢ 025°0 09l°2 V9V
095°1 (L1 Ad) olv°ti 040°0- 0¢9°0 usv“ v
0L0°1 0ohy°o0 0tLv 0i9°1 0uh°0 ("1 2 Il |

“8J42UU0D 9f YIm 000°0021  PUE EO0°U002  Syludp LIuMady | Apoy

*PLa)}) S4ylIeP 0] PINNCWOD (|ews 9q O) pPIwnNIsSe s} AjUwoue Dyloupew
: csuwwen °0p0¢S JO

PLO)} SYLIED U0} 8IIIBIP £°29 =UOIVULLIIUY puUe 4°4 1 zuojeuy | 29ap

193} U} @4 SIYDAY puw LW U} IJU JULLIINSUIW IDUBISHP JO EIjUN

*PLdt; d21193ubew o0 ucvcﬁaEOOlo P33INdu) DUISN UOICYAID puepUE]S 40 ULjeUlwIIIep JDAUX

1 383 Ajodpew

$3Ue|d (92§3U8A PUL [VIUOZJIOY Ay RIPUNOY 63)PLA 3}I3UDEW p§ JO} UBKIN|OS JdeXv

24



Output Example 2-~Continued
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Appendix D
Standard Grid

The grid can be any one of many types: (a) a rectangular grid with equal
spacing in the x- and y-directions, (b) a rectangular grid with constant but
unequal x- and y-intervals, (c) a rectangular grid with varying distances
between grid positions in either the x- or y-direction or both, and d) a
quadrilateral grid that consists of connecting quadrilaterals whose interior
angles do not exceed 180 degrees.

The file of the gridded data consists of two basic parts: (1) a header
record and optionally, a following record that contains the x-coordinates for
each column, and (2) a series of data records, each containing the column
values for one row.

The following diagram shows the relationship of the grid elements in the

usual case where dx and dy are positive.

NROW X X X X X last row stored
3 X X X X X X
dy
2 X X X dx X X X
1 X X X X X X first row stored
1 2 3 4 5 NCOL
(x0,y0)

A, Header record (23 words long)
id: 56 ASCII characters of identification (14 words).
pgm: 8 ASCII characters of creation program identification (2 words).
ncol: number of columns of data (integer, 1 word).
nrow: number of rows of data (integer, 1 word).
nz: number of words per data element (integer, 1 word). For single
precision use 1, double precision or complex use 2, double precision

complex use 4. For quadrilateral grids this value is 3.
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x0: position of first column of data (real, 1 word).
dx: equal spacing interval of columns (real, 1 word).
If equal to zero, then coordinates for each column are in the following
data record; otherwise the following record consists of data for row
one.
yo: position of first row (real, 1 word).
dy: equal spacing interval of rows (real, 1 word). If equal to zero, the
coordinate for each row is the first word of each data record row.
Column coordinate record, present only if dx of header record is equal to
zero. Record consists of ncol real words specifying the coordinates of
each data column in monotonic order. If nz=3 then this record is present
but the values are meaningless.
Data record. Each data record contains one row of real data items. The
total record length is ncol times (nz plus 1) words. For quadrilateral
data the sequence of data values is x, y, and z. The first word contains
the row coordinate if dy of the header record is zero, else the value is a
dummy. Again, the row coordinates should be in monotonic sequence, if
specified.
In general, i/o for this standard file can be stated in fortran as:
dimension g(iz,ix,1iy),id(14),pgm(2),x(ix),y(iy)
read or write (..) id,pgm,ncol,nrow,nz,xo0,dx,yo,dy
if (dx.eq.0.) read or write (..) (x(i),i=1,ncol
if (dy.ne.0.) go to 15
do 10 j=1,nrow
10 read or write (..) y(3),((g(k,1i,j),k=1,nz),i=1,ncol)
go to 25

15 do 20 j=1,nrow
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10

20 read or write (..) dum,((g(k,i,j),k=1,nz),i=1,ncol)
25 continue
In the usual case where dx and dy are constant and nz=1. the code
simplifies to:
dimension g(ix,iy),1d{14),pgm(2)
read or write(..) id,pgm,ncol,nrow,nz,xo,dx,yo,dy
do 10 j=l,nrow

read or write (..) dum,(g(i,j),i=1,ncol)
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Appendix E

Example of User-Formatted File

1R30 4500
1R1S 4500
1820 4500
1825 4500
1820 4500
1R1S 4500
1815 4500
1980 4500
2005 4500
2025 4500
2015 4500
1940 4500
1875 4500
1830 4500
1950 4500
201% 4500
2100 4500
27205 4500
2010 4500
1340 4500
169S 4500
1830 4500
1R00 4500
1R1S 4500
1920 4500
171S 4500
1675 450Q
1670 4500
{R1S5 4500
1745 4500
1740 4500
1630 4500
1640 4500
1647 45090
1630 4500

VIRV \V]
. e .
[V} (V)]

o WWNON - -
Ul e .
(V)] (V)] (V)]

o WWMNN
. Ji e . .
(V)] (V)] un

.
(V)] (V)] (V)]

l:bl:DJ:&bNWMUWUUNNNNNNNr‘HO—wﬁ.—o-ﬁOOOOOOO

WWN N = WD -
] Uy e
ul (V)] uun
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Appendix F

External Subroutines

The following subroutines are called externally by the program:
Basic Plot System (Evenden and Wahl, 1977)

char (x, y, a, nc, icode, size, theta, xoff, yoff) - writes
characters on the plot

endpt (ie) - terminates plot

line (x, vy, n, icon, ipn) - draws one or more lines

neatl () - draws a box around data area

pltset (iplotr, xbd, ybd, isl) - initializes plot system

scale (dxp, dyp, xp, yp, nopts, ier) - defines the plot area
and units

xaxis (dxp, dyp, xp, del, ip, size, fmt, nfmt) - draws and
labels x axis

yaxis (dxp, dyp, xp, del, ip, size, fmt, nfmt) - draws and
labels y axis

where:

a = character string to be plotted

del = data unit interval of tick marks

dxp = array defining plot size (see fig. Cl)
dyp = array defining plot size (see fig. Cl)
fmt = Fortran format for labels

icode = 1 means x, y are arrays, 3 means X, y are single elements
icon = 0 start new line, 1 continue old line

ie = 10 element array containing diagnostics

ier = set to 0 to indicate no problems

ip = interval between tick mark lables



ipn = line type, O=solid, 1-7 dashed lines

iplotr = plotter number

isl = 5 element array, isl(l)=1 inches, 2 cm

n = dimension of X, y arrays in line call

nc = if icode is 0 or 1, dimension of x and y arrays, otherwise
length of a

nfmt = length of format

nopts = length of xp and yp arrays

size = character size

theta = rotation of char in radians

x location (array of dimension n)

b
]

y = y location (array of dimension n)

xbd = returned maximum x size for selected plotter
ybd = returned maximum y size for selected plotter
xoff = x offset for center of label
yoff = y offset for center of label

xp = array defining plot size (see fig. Cl)
yp = array defining plot size (see fig. Cl)

scale3(xmin, xmax, nxl, xminp, xmaxp, xdel)

where:
xmin = minimum x value of data (input)
xmax = maximum x value of data (input)

nxl = number of divisions along x axis (input)

xminp = minimum whole number of x value (output)

xmaxp = maximum whole number of x value (output)

xdel = increment for labelling x axis (output)
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Figure Cl.

DXP and DYP are in data units.

XP and YP are in plot units (inches).

[+

DXP,DYP,XP,YP arrays and their relation to the plot area.

YP{4)

DYP{2)

pxpi1)

PLOT AREA

DXPI2)

oYP(1) f
e XP{3) 4 L] P ——
YP(3)
||

XP(4}
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Appendix G

c*******i*****‘**
¢ exact solution for tailwani 3d maanetics. plouff 7=77
¢ modified by r,aodson for denver multics 3/81
c
Characterxd unix,uniz
characterxf8 name
cCharacterx18 title
characterx4) jdplot
characterxS0 jfile,ifile2,cfile
characterxS4 rfile
characterxS5 cafile
characterxSo pfile
Characterx?0 jifmt
common/st/Caf11e,rf11e,pf11e
common/magino/iplotr,ibody,ifile,ifile2,1sas,dec,tincl,

1 datum,xscale,dc,unix,uniz,name,height,

2 ifmt,idolot,sus,remsd,zi,iobs,icalc,ires
common/field/v(1000,5),rC1000),g(1000,3)
Common/fpts/xp(1000),ye(1000),2p0(1000)
common /side/xh(900),yb(900), 11(50)
common /bodk/ mm,nlim,jbody,short,nend
common /tjcal/tjx(50),tjv(S0),tj2(S0),mtest
common /vec/cde,cie,sde,sie,ex,ey,ez,earth,cdci,sdci
common /trans/ inpt,iout,jin,iorint
common /bod/ astnc(900),ifornt(S0),zee(50),2m(50)
dimension t(S),flsa(7),a(1000),0(1000)
data flsa/ v’ , x",%2°9y"h",°t*y"t",°t"/ _

¢ dimension limits for 3 parameters, corners, bodies, fielapoints.
data necornsnbod,rpt,ier,txsty,stz

1/ 900,50,1001,0,0.0,0.0,0.0/

c get inout parameters

call min(3390)

write(iout,10) idolot i
10 format (“lexact solution for 3d maanetic bodies bounded by *,

1 “horizontal and vertical olanes’,/,Sx,a40)

if(lsgs.ne.0) ao to 20

Qo to 40
20 write (iout,30) flsa(lsas) .
30 format (Sx,’expect determination of standard deviation using “,

1°inputted °,al,’=comoorent of maanetic field.,”’)

if (1sas .1t. ) go to 40

it (earth .eq. 0,0) eapth==50000.0

if (finc! .me. 0.,0) go to 40

if (dec .ne. 0,0) go to 40

fincl1=89_999
40 faex=0.9

facz=0.0

call umit(unixeuniz,facx,facz)

if (facx .eq. 0.0) go to 370

2fac=1.0/facz
50 Ca\l Comoon(lpopdeCp‘Fiﬂc"0.010.0:0.0:0.000-0)

mtest=0

short=1,0e”0

zdel =1,0e2(

2]

read bodv coordinates

o0

call bbGM(facz,nhod,ncorn,zdel'tx,fvrtz)
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(o]

[a Ie

0o 00

0o o0 No

00

zdel=

abs(faczxzgel)

mm (common) is total number of layers
if (mm .eq. 0) go to 370

60

70

80

90

100
110
120

130
140

150

1e0

170

180

if (m
if (m
write

test .ea., 0) go to 70
test .ea.mm) go to 70
(iQPint,éO)

format (Sx,’macnetization mot specified for all bodies®)

Ao to
kk=0

read

call

check if printer plot of bodies & fieldpoints

desir

title

370

fieldnoint locations and mavbe values

ptsm(kk, $390)

ed if fieldooints are in arid form

="body corners"

if(ibodvy.ne,0 ,and,iplotr.ea.%9.and.name.ea."gridded")

1 call

check
platt

colot(dcrarlsOrtitlierd3os)

if location plot of bodies & fieldooints on

ing gevice wanted

if(ibody.ne.N.and.iplotr.ne.9) call maa3dplot(kk,$390)

check

if(ls
title

if contour plot of observed values desired

as.eg.0) ago toe R0
="gchserved values”

iffiobs.ne.0.and.iplotr.eg.9.and.name.eqg."gridded")

1 call

nklzk
do 90
2p (k)
iflls
do {0
r(k)=
conti
write
forma
call

iffls
qo to
read

forma
write
forma

cplot(dcrrrkk,1,title,$365)

k+1l
k=1, kk
=zpfk)xfacz
as.~rqg.0) ao to 110
0 k=1i,klk
r{k)=datym
nue.
(iout,120) kk  ~.
t (//7+,° total of’,iS,” fieldpoints.”)
calc(kksmm,short,zdel)
gs.lt.6) ao to 220
100

(iin,140,en4=360) icalcrearth,sus,rem,d,zi

tliv)
(iout,150)
t(°17)

call comoon(1,0,dec,finec!,0,0,0,.0,0,0,0,0,0,0)

ao to
d=0.,0
z2i=0,
rem=0
if (n
write
forma
Go to
call

210

0
.0
k1 .gt. 3) ao to 130
(iorint,170)
t (“0stop. insufficient fieldooints for
770
tisas(zi,d,rem,nkl,1sassarbrdatum)

39
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if (Pk!l .qt. 0) go to 190
ao to 370
190 if (Vsas .ea. 6) go to 200
sus=rem
rem=0_0
go to 210
200 sus=0.0 ,
210 ¢call compon(2,ier,d,zisrsus,remstx,tyrt2)
if (ier .ea. =1) go to 370
mtest=0
220 std=n_Nn
ava=0,0
i fdp=S
if(lsgs.ne.0.and.1sqgs.lt.6) ifdp=lsas
symi=flsa(ifdp)
write fiout,230) datum,svm! 4
230 format (/,1x,f10.1,° gamma is added to “,al, =output?,
1 /_l 12!,’&’,IOX,'v’,9x;'Z',9x,'del-x', ) .
2 6%x,°del=y’,6x,°del=2",6x,°del=h",6x, del=t?,5x, error’)
do 300 k=1,kk
if (mtest .ea. mm ) qo to 240
vkizsv(k,1)
vk2sv(k,2)
vkiz=v(k,3)
vkS=v(k,4)
vikb=v(k,S)
vkdz=(vkltvkh)
t(1)stxxvkl+ty*vk2+tzavk3
t(2)Stxxvk2+ty*rvkd+rzavks
t(3)Stxxvik3+ty*rvkS+tzavkd
ao to 250
240 t(1)=g(k,1)
t(?)=qlk,2)
t(3)=glk,3)
250 *(4)=0.0
t(5)=0.v
call compon(3,0,0,0,0,0,t(8),t(S),t(1),t(2),t(3))
fx=xp(k)
fy=yo (k)
zfl=zplk)x2fac
conout=t(ifdp) +datum
t(ifdp) =conout -
~ save for contour plot
' a(k)=conout .
2?60 if ( Vsas .ea. 0) ao to 280
errk=r(k)=conouttdatum
save for resigual contour olot
b(k)=errk
std=std+errk*errk
ava=avaterrk
write (iout,270) krfvsefxrzfkst(2),¢ (1), (t(j)srj=3+5),errk
270 format (iS,f10.3,2f11.3,6¢11.2)
9o to 300 i ,
280 wprite (iout,290) kefvrfxrzfkoet(2),t (1), (t(id),ri=3,3)
290 format (iS,f10.3,2f11.3,5¢11.2)
IUN continue
if (sas .ea. 0) ago to 330
210 if (nk! .1*t. 3) ao to 330
stdz=sart(std/(rk1="))
avasava/kk
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320

330

350
360
365
375
370

380
390

4900

CxERKh

[a s BNe BN B¢}

write (iout,320) std,avg

format (//,° stangard deviation=‘,e13.5,° and average difference

1 et3.5,” gammas”’)
mtest=0

contour plots

title="calculated values"

it (icalc.ne.0.and.iplotr.eq.9.and.name.eqg."aridded")
{ call eplot (de,a,kk,1lrtitle,53065)

titlez"presidual values”

-
-

if (ires.ne.f,and,.iplotr.ea.9.and.lsas.ne.%,and.name.ea."qgridded")

i Qa]] cplot (aec,b,kks,1,title,d365)
it(icalc.ne.0,and . name.ea."gridded")
1 call stdout(l,a)
iffires.ne.0e.and.lsgs.ne.0.and.name.eq."arigded”)
1 call stdout(2,b)

if (mtest .ea. mm .and. lsas.ge.b) go to 160
if(lsgs.lt.t6) 0o to 130

continue

Qo to 390

write(iprint,379)

format("™ contour interval(dec) is 0.")
write(iprint,3R80)

format(" error = proaram abort")
close(jin)

close(iout)

write(iprint,400) ofile

format(/," output is in file ",aS6)
stop

end
KK g dok ke kh Kk

subroutine min(x)

namelist imput parameter subroutine
r.aodson = 3/31

Character*xd unix,uniz

characterxf name

characterxS4 prfile

character*SS cafile

character*So pfile

characterxU0 idplot .

characterxS0 jfile,ifile2,cfile

characterxR0 jifmt

common/st/cafile,rfiles,pfile )
common/magino/iplotr,ibody,ifile,ifile2,1sas,dec,fincl,

1 datum,xscale,dc,unix,uniz,name,height,

2 ifmt,idolot,sus,rem,dszi,iobs,icalc,ires
comman/contag/nrow,ncol,ay,dx,xmin,ymin,xmax, ymax
common /vee/cae,cie,sage,sie,exsevsezZ,earth,cdci,sdci
common /trans/ inpt,iout,jins,iorint
common/widect/naxcol

ﬂamelist/oarms/io]otr,ibodv,ifile,ifileZ,lsqs,earth,dec,fihcly

1 datum,xscale,dcrunix,uniz,name,height,
2 ifmt,iuplot,iobs,icale,ires,naxcol
inot=5
iout=8
iprint=e
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10

20

()

26
27
30
40
50

60
70

jin=9
iplotr=9
naxcol=130
ibody=0
icale=n
iobs=0
ires=0
idnlot=" "

ifiles" "

ifileg=" "

tsas=0

earth=0,

dec=0,

fincl=0,

datum=0,

xscale=y.

dc=0.

unix="kilm"

uniz="feet"

name="aridded”

height=0.

ifme="(yv)"®

write(iprint,10)

format("® enter command file name: ",$)
readg(inpt,20) cfile

format(y)
open(jin,file=cfile,form="formatted")
read(jin,parms,enag=30)

iftlsas.eq.0) ires=0
if(iolotr,1t.0.0r.iplotr.aqt.9) iolotr=9
if(ifile.ea.” ") go to SO

N

encode outout file names

encodeflpfile,25) cfile

format("orint,",a350)

encodel(cafile,26) cfile

format("calc.",a%0)

encodel(rfile,27) cfile

format("res.",aSn)

open(iout,filez=pfile, form="formatted",carriaace=.true.)
return

write(iprint,40)

format(" end of file reading namelist command file")
ao to 70

write(iprint,60)

format(" no fieldpoint data file name specifier")
retyrn 1

end

ChkrhrxNxrxthekdi

DOOOD

subroutine bodm(faczrnbod,ncorn,zael,stx,ty,tz)
reads pbody cormer coordinates
r.godson = 4/81

Characterxd ynixeuniz

-Characterx? name

Cnaracterx40 idplot
CharacterxS0O jfile,sifile2,cfile
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1

2

c Ssee

10
20

30
1
40
S0
el

70
80
1

¢ coordinates of corners of hody east,north (x,y) pairs.

¢ body
90

100

105

CharacterxR) ifmt
COmmon/mnlot/VM1ﬁ,xmvn:VMax,xmax
COmmon/conto/nrow,ncclpdv,dx,yo,xo'xma,yma

COmmon/mao1no/1oiotr,1hodVr1f11e,1f11e? lsas,dec,fincl,

datum,xscale,dc,unix,uniz,name,height,
ifmt,iuplot,sus,rems,d,2i,iobs,icalc,ires
common /hod/ dstnc(900),ifornt(50),zee(50),zm(<0)
ncorn dimension limit in main orogram
common /side/xbh(900),yb(900), 11(50)
common /hodk/ mm,nlim, jbody,short,nend
common /tjcal/tix(50),tjv(S0),tjz(50),mtest
common /trans/ inpt,iout,jiin,iorint
nend=0
mm=0
xmin=1.0e38
xmax==1,0e38
ymin=1.0e38
vmax==1,0e38

read(jin,20,end=190)num,ifornt(mm+1),sus,rem,d,zi,top,bottom

format(v)

ifthum.ea.0) go to 190
nst=mnend+!

nend=nenA+num

mm=mm+ |

if(mm.at.nbo?) go to 140
if(nend.ct.ncorn) ao to 70
11 (mm)=num
zee(mm)=tonxfacz
zm(mm)=pottom*facz
write(iout,30) mm,too0,hottom,num

format (° body”’,i3,” petween depths”’,f11.3,” and”,fl1.

* with?,id4,° corners.”)
if (too .gt. bottom) go to 90
write (iorint,60) too,bottom ]
format (“0top of bodv is below pottom”,27.2)
Qo0 to 180
write(iorint,80) mm,nend,ncorn

format (° hodv’,isp'_1nc1udes sufficient corners,”’,

4

’ limitation of”,i5,° for all bodies.”)
oo tn 180

has at least 3 corners

readfljin,20,end=1060) (vb(j),xb(j),i=nst,nend)
write(iout,100) (yb(j),xR(i)sji=nsts,nend)
format (S(Sx,2f9.3))
do 105 j=nst,nend
Tf(xb(j).1t.xmin) xmin=xb (]
iflxb(j).at.xmax) xmax=xb(i
iflyb (i) ltovmin) yminsyb(]
if(yb(i)eat.ymax) vmax=yb(]j
continue

if (1sas.qe.b) go to 120
ier=0
call comoon(2,ier,4,2i,sussrem,tx,ty,t2)
it (ier .,qt. 0) 0o to 110

if(ier.ea.=1) ao to 180
20 to 129
mtest=mtegt+l
tix(mm)=sryx
tivimmlsty
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tiz{mm)=tz
120 np=npend+l
xp(nol)=xb(nst)
vyb(nn)=vh(nst)
do 130 j=3nst,nend
dist=(xol(j+1)=xp(j))**x2+(yb(j+1)=yb(j))xx2
if (dist .ea., 0.,0) qo to 130
dist=sart(dist) ]
if (dist .1t. short) short=dist
130 dstnc(i)=dist
zd=topo=bottom
if (24 .1t. zdel) zdelszd
Qo _to 10
140 write (ioprint,150) mm ,
150 format (Sx,’numper of hodies=’,i3,° exceeds limitation.,”)
Qo_to 18N
160 write(iorint,170) mm ] o ) .
170 format(" end of file reading x,y pairs for boavy no. ",i3)
180 mm=0
190 retyrn
end
'C*********.****** .
subroutine compon (num,ierraec,finssus,rem,tx,tvy,t2)
¢ various components of earth and maanetization fields
common /vec/cde,cie,sde,sie,exsey,ez,earth,cdci,sdci
common /trans/ inpt,iout,jin,iorint
a0 to (10,90,190),num
c earths field
10 aptn=abslfearth)
if (earth .ea. 0.0) ao to SO
2N write (jout,30) dec,fin ) . )
30 format (Sx,’declination=",f7.1,° and inclination=,fh.1,
1 * gegrees for earths fie|ld’)
if (artn .ne. 0,7) write (fout,40) arth
40 format (9x,°0f°,f7.0,° gammas.”)
d=1.745379e=2xdec
221.745329e=2xfin
cges cos(a)
cie= cos(2z)
Sie= sinf2z)
sde= sin(d)
caci=cde*cie
sdeci=sde+cie A
if (earth .le. 0.0) ao go 70
ehzearth*cie
exzeartnxcdci
eyzeartn+tsdci
ezzZeartn*sie
return
SO0 write (jout,60) . .
60 format (Sx,°macnetic susceotibilities are assumed to be nenligible
1 o'l.//)
Qo to 20
70 write (iout,R0) .
80 format (Sx,“maocnetic aromaly is assumed to be small compared to “,
1 *earths field.’,//)
return
¢ maanetization varameters
g9n tx=9,0
ty=0.0
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tz=0.0 '
c it (sus .at. 0.0) ao to 6
if (sus .ne. 0.0) go to 130
if (rem ,ea., 0.0) ao to 140
write (jout,100) rem;d_ec:f‘in
100 format (Sx,“intensitv of total magnetization is’,f9.2,"e=5 *,
1 with a3 declination=’,f7.1,” and inclination=",f6.1,
2 ° deagrees.”,//)
110 d=1_,745329e=2xdec
7=21,7453279e=2%xfin
edr= cos(d)
¢irs cos(2)
sir= sin(2)
sar= sin(d)
ehr=remxcir
txStxtehrxcdr
ty=tytenrxsar
tz=tz+remxsir
120 ier= |
return
130 if (earth .ne, 0.0) ao to 160
140 ier==~1 '
write (jorint,150) . v , .
150 format (Sx,’error, normal field of earth or maaratization not *,
1 ‘“suoplied’)
return
160 wepite (iout,170) sus . ) -
170 format (Sx,”maanetic susceotibility is’,f9.2,°e=5 cgs.”’,//)
sSuszarth*sus*x],(e=5
tx=sus+*cdci
ty=susx*xsdci
tzssus+sie '
if (rem .ea. 0.0) ao to 120
write (iout,180) rem,dec,fin , .
180 format (S5x, intensitv of remanent maanetization is”,f9.2,%e=5 *,
1 “with a declination=’,f7.,1,° and inclinationz’,f6.1,
2 ° degrees.”,//)
Qo to 110
190 if (earth .le, 0.0) a@o to 200
delh=(ex+tx )**x2+(ev+ty Ixx2
delt=(ez+tz )*x2+delh
suszsartfldelh)=eh
rem=sart(delt)~eaprth
return
200 sus=tx *cde+tv xsde
rem=tx*cdcit+ty*sdcittzxsie
return
end
ChiRhkRAdddiihiiik
sybhroutine tlsasfazi,ad,tm,nkl,1sas,a,b,datum)
real+«8 fn,Sx,Sv,Sx%X,$XY,Syv,$2,Sx2s,Sv2,dsa2,al
real*s st,stt,stx,stvy,stz,szz,a3,o01,b2,03,¢1,c2,¢c3,d1,d2,0a3,det
reai*d otxsoty,otz,oYZ,0X2,0PXY,S8AX,SAY,SAZ,S1Qs0
inf'eﬂe!' ﬂm(b)/’x’,'y"’z‘;’t','n"’d','l";'s’/
common /vec/cde,cie,sde,sie,ax,ev,ez,earth,cdci,sdci
CQMmon/fie1d/v(1000,$),r(lOOO),q(lOOO,S)
common /trans/ inpt,iouts,jin,iopint
dimension a(1),o0(1) '
P(fn,sxy,sx,s8y)=(sxy=sx*xsy/fn)/fnm
det(al,a2,a3,bl,b2:b%,cl,c?2,c3)=alx(h2xc3=h3I*xc?)
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1 +agx(bixcli=bixc3)+adx(plrxcl=b2xcl)
‘ sio(fn,sx,sxx)=(sxx=sx*sx/fn)/fn
¢ observed value r
kk=nk{=i
frzkk
sx =0.,0g0
sy =0,0q0
syy=0,0a0
sxy=f,0g0
sxx=0,0d0
1;% . ‘
if (1sas .ea. A) go to 40
if (kk .1t. 3) go to 1RO
eyvzsdcixsdci
el=cdcixcdci-eyy
eo=sierxsie=eyy
e2=2,0*cdcixsdci
e3z2.,0xcdcixsie
eS5=2.,0rxsdcixsie .
c determination of best=fit susceptibility
do 10 k=1,kk
rk=perik)
ak = elxv(k,1)+e?xv(k,2)+ed3xv(k,3)+eSxv(k,8)+ebxv(k,5S)
Sx =sx +2k
Sy Ssvy +rk
Syv=syy+rik*prk
Sxy=sxy+ak*rk
10 sxx=sxx+akxak
XX=SxXx=gx*xsx/fn
1=1
if (xx ,le. 0.0) go to 1R0
=4 ]
XySsxy=sxxsy/fn
YvEsyy=svyxsy/fnr
tm=xy/xx
to=(sy=tmxsx)/fn
coer=9999 .0 .
if (yy Jle. 0,0) go to 20
coer=xy/sart{xxxyy)
20 eyyz=apbs(earth)*],(0e=5
if (eyvy .ea. 0.0) eyy=0,5
stdm=yyx(1l.0=coerxcoer}/(xxx(kk=2))
1=R
if (stdm .1t. 0,0) go tq 180
stdm=sart(stdm)
tm=tm/eyyv
std=sart{yy /(kk =1))/evyy
tb=th+tdatum
write (iout,30) tmsstd,coer,tb,stam -
30 format (//,° leastesauares susceptibility is’,f9.1,7e=5 emu. std’,
1 ° dev=’,f7.0,° aammas. correl coef=",f6.2,° zero’,f6.0,° aammas”’,
2 /+32x,19.1)

¢ if (tm ,le. 0.1) ao to 7
if (tm .at. 0.7eS) ao to 1R0Q
azi=o,0n
ag=0.0
return

c least squares determination of tntal magretization vector
40 if (kx .lt. S) aqo to 180
sz =0,0d0

46



50

sxz2=0,.0gn

syz=0.000

st =0.040

stt=0,0q0

stx=0,0g40

stv=0,0a0

stz=0,030

sz2=0,0g0

do S0 lk=1,kk

vkliz=v(k,1)

vk2z=v(k,2)

vkizv(k,3)

vkS=v(k,4)

vkbz=v(k,S)

t=r(k)

x= cdcixvkl+sdci*rvk2+siexvkld

v= cdcixvk2=sdci*(vkl+tvkb)+siervkS
2z cdcirxvikit+tsdeirvkS+siexvks

st =st +t

SX =8SX +X

Sy Isy +v

Sz =82z *2

SttIstr+txt

Stx=stx+txx

Sty=stv+try

Stz=stz+tx2

$273s27+7%*2

SXXSSXX+XXYX

SXVISXxVytxky

SXZ2I8XZ+X %2

SYZ=SSyz+v*x2

SYVESYYy+yxy

continue

otx=n(fn,stxrst,sx)
ntv=p(fn,stysst,sy)
ptz=o(fn,stz,st,s2)
pyzz=o(fn,syzrsv,s2)
oxz=0(fn,ssx2,sx,s52)
oxv=o(fn,sxvyssx,sy)
sax=sia(fn,sx,Sxx)
sgvssia(fns,sy,syvy)
sqzzsia(fnrsz,s22)
sgt=sia(fn,st,stt) .
dzdet (sgx,o0xy,0x2,0xY,SQYs0Y2,0%x2,0V2,8Q2)
1=6

if (d .ea. 0.0d0) go to 1RY _
xz=det (otx,ntvy,ntz,oxy,sSqy,o0vY2,0x2,0Y2,8q2)/d
v=det(sax,oxvy,pxz,ntx,otvy,ntz,0x2,0v2,Sg92)/d
Zzdet(sax,nxvy,px2,0xVv,SQqyYy,0YyZ,0tx,0ty,0t2)/Q
adse(x*sx+y*sy+z*sz=st)/fn
tb=al+datum

Std=x*nmtx+y*xoty+zxot2

Coer=std/sat

1=7

if (coer 1t. 0,0) go to 180
coer=sart(coer)

stAssut-std

1=1

it (std .7t. N,0) go to 180

std =sart(std )
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write(iout,o0)y,x,2,stdscoer,tb
60 format (//,° least sauares determined values. ixZ’,fR.1,%e=5 jy=*
1rfR.1,%e=5, jz=°,fR3.1,"e=5",/,5x,° (assuming anomaly is nealigibl”’
2r ‘e compared to total field of earth)’,/,Sx,’std’,
3 ° gev=’,t7.0,” aammas. correl coef=’,fo.2,’ zero’,f6.0,” gammas”)
th=x*x+y*y
tm=sart(th+z+*z)
th=sart(th)
if (th .ot. 0.0) go to 80
if (z .ot. 0.0) qo to 70
azis=90,
Qo _to 170
70 azi=90.
o to 170
80 aziz=atan (z/th)xS57.,29578
iftx) 120,990,130
90 if(y)1nNo,100,110
100 ag==90.
go to 150
110 ag=90.
a0 to 150
120 aac=180,
ao to 140
130 caec=0,0
140 ad=atan (y/x)xS57.29578+qgac A
1SN0 write Ciout,160)tmsthyazi,ad_ _
160 format (/,° it=’,f8.1,%e=5, jh=’,¢8.1,%@=5, zi=’,f6.1,°, dec=",
1 f7.1)
1=4
¢ it (tm .le. 0.1) Qo to 7
return
170 ag=0.0
Qo to 150
180 write (iorint,190) nam(1) ) ) o
190 format (°0stoo. “,al,’=comoonent of summed fiela or amolitude ‘.,
1 “incorrect.”)
Nkl==nkl
return
end
CRXXXXKXKRIRF XK X
subroutine calc(kksmm,short,zdel)
c calculate exact 3d magnetic¢wvalues
common /tical/tjx(S50),tjiv(SQ),tjz(S0),mtest
common/fots/xp(1000),vyp(J000),20(1000)
common/field/v(1000,5),r(1000),a(1000,3)
common /trans/ inmpt,iout,jin,iorint
common /hod/ dstnrc(900),ifornt(S0),2ee(S0),zm(S0)
common /side/xh(900),yb(900), 11(50)
dimension s(6) . . .
¢ part of shortest lenath of boavy edaes and thinmest layer,
Stest=shortx? . 0e=4
Ztests zdelx2.0e-d
ztem= 10.0*ztest
do 250 k=1,xk
xf =xp(x)
vf =vo(«k)
z2f=zo(k)
delx=0.0
dely=0,0
del12=0,0
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do 10 j=1,%
10 s(i)=0.0
nend=0
¢ number of hodies is mm
do 230 m =1,mm
Z2fli=zee(m)
7f?=_zm(g)
z1=zf1=~-2f
22=zf2=2f
if ( absfz1) ,'t. ztest) z21=0,0
if ( abs(z2?2) ,1t. ztest) z2=0,0
fact= 1.0
2z=221+22
21= abs(zl)
z2= abs(z2)
if (ZZ) 201230030 o
¢ case where most of mass is above fieldooint
20 fact=-1,0 .
30 it (21 1t. 22) ao to 40
dtest=z2
z2=21
Zl=gtest
40 1k=11(m)
ns=nend+1
nena=ns+lik=1
2ls=21*21
228=72*22
aal=0.0
3a’=0.0
aai=0n,n
aaS=0,0n
aagé=n_n
nsns )
x13xh(n)=xf
visyh(n)=vyf
if ( abs(x1) .1t. stest) x1=0,0
if ( absfyl) ,1t. stest) y1=0.0
risSxlxxl+yl*yl
riz1= sart(ris+zls)
r1z22= sart(ris+z2s)
risf=prls
rztf=r1z1
rz?2f=r1z2
x1f=xl
vifsyl .
¢ numper of lime segments (vertical sides) or vertices =lk=1
do 190 1=1,1k
ﬂm:n ]
if (1 .ne. lk) go to SO
x2=x1f
ve=ylf
réssrilsf_
rédzi=rz1f¢
ré2z2=rz2f
Qo to AD
50 n=n+t )
x2=xb(m)=xf
vi2=yb(n)=yf
if ( absfx?) .Vt. stest) x230,.0
it ( absfy?) ,lt. stest) y2s0,0
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c

c

e

¢

c

¢

r28sx2*x2+y2+y?
rdzl=s sqrt(r2s+zls)
r2z2= sart(r2s+z?s)
60 dx= x2= x|
dy= y2= vl
dds= dxx dx+ dvyx gy
if (dos. .1le. 0.0 ) oo to 180
ds=dstnc(nm)
Cost=dy/ds
sintsax/ds
Sncos=sint*cost
coss=costx*xcost
singssintxsint
P=(x1*xy2=x2xy1)/ds
test if merpendicular distance to line exceeds 175000 seament length
if ( abs(p) .at. stest) ao to 70
p=0.0 ’
70 di= xixsint+ylxcost
d2= x2xsint+y’xcost
dgl= ahs(dt)
dg?= abs(d?)

if (ddi .1t. stest) di1=s0,0
if (dde .1t. stest) d2=0.0
A12=d1*a?

log(r+d) terms _
if (0,0 .20, p) ag to 140
80 ph=p*p+z1ls
rdzi=rizl+dl )
if (dl e, 000 ) Qp to 100
if (A2 .at. 0,0 ) qo to 90
al=(r2z1=d?)/(r1z1=dl)
Qo to 160
90 dtest=on/(di*dl)
if (dtest .1t, 0.01 ) prdzi=ddix0.5 *dtestx(1.0 =0.25 =xdtest)
100 rgz2=r2z1+d2 .
if (A2 .ae. 0.0 ) go to 110
Adtestsoh/(d2*d2) .
if (dtest ol1t. 0.01 ) rdz2=dd2x0.5 =xdtest*(1.0 =0.25 =xdtest)
110 ai=rdz1/rdz2
ao to 1o
120 write (jout,130) v’.xfpzfem .
130 format (” fieldpoint at x= *10 2,"y y=°,f10.2,” is raised”,f9.5,
1 * gistance units (on edae of hodv)' )
Z1=ztem .
Zis=zl*z1
rizi=sart(ris+zis)
r2zl=sart(rds+zls)
if (1 .ea. 1) rzif=prizl
Qo to RO _
140 it (0,0 .ne, z1) ao to 89
Tf (0.0 .qe, d12) ao to 120
if (0.0 .at. al) go to 150 .
both positive, extepior, in pDlane of edge, depth zero
al=g1/d2
Qo to 160 . _ '
hoth negative, exterior, im olane of edge, depth zero
150 ol=d2/d1
160 ol=aloa(al*(r2z2+a3”)/(r122+d1))
log(r+z) terms
fl1=(z22+r222)/(22+r122)
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if (0.0 Jlt. rlzl) fIsfix(zl+rlzt)
if (0.0 _ .1t, r221) f1=f1/(21+r221)
fl=aloa(fl)
¢ arctangent{za’/or) terms
t1220.0 ,
if (0,0 .ea, p) ao to 170
call tanoe‘t(o,za*d?.,rdzanl*d2;r221pzl*dlpr121,22*d1,r122,t12)
170 aal=aal- cossxtl2+sncosxf]
aa”=aa?+sncosxt12+ cossxfl
aalzaal+ cost*gl
¢ dallzaald= sinsxti2-sncosxfl
3aaS=zaa=- sirt*gl
aabz=aabst)?
180 xi1=x2
vyisy?2
riszrls
rizi=r22z!
r1z2=r2z2
¢ end, correr looD
190 continue i
s(t)=ss(1)+factraal
s(2)=s(2Y+fact*aal
s(3)=s(3)+fact*aal
s(4)=s(4)+fact*aad
s(S)=s(S)+factrxaas
agl==(a3al+aab) ,
if ( mtest .ea, 0) ago to 210
tixm=tix(m)
tjym=tiv(m)
tizm=tiz(m) ‘
delx=delx+fact*(tjxm *aal+tiym *xaa2+tjzm *aald)
dely=dely+fact*(tjxm *aa2+tjym *aald+tjzm *aad)
delz=delz+fact*(tjxm *aal+tiym =xaaSt+tjzm *aab)
if (ifornt(m) .ea. 0) aco to 230
delh=0.9
delt=0.0
tx=delx
ty=gely
tz=gelz
call compon(3,0,0,0,0,0,delh,delt,tx,tv,t2) -
write (inut,200) kryf,xf,zf,dely,delx,delz,delh,delt,ifornt(m)
200 format (i5,3f¢11.4,5¢1172,i3)
210 if (ifornt(m) .1t. 0) )
1 write (iout,220) k,aal,aa2,aal’,aad,aaS5,aab,m,o,dy,dx
220 format(iﬁnéeii.&: id,f8.2,2¢7.3)
e end, oodvy loop
230 continue
do 240 n=1,5
240 v(k,n)=s(n)
if ( mtest. .ea. 0) go to 250
a(k,1)=gelx
a(k,2)=qelv
a(k,?)=gelz ,
end, fielamoint loop
°S0 conmtinue
return
end
CXEXIKRKXEXRIKK K €%
subroutine unit(unix,uniz, facx,facz)
e conversion of horizontal (x) and vertical (2) distances=3d magnetics

9]
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characterxd unix,uniz,feet,kilm,mile,kilf,metr,jblank,
1 Tunx,lunz _
common /trans/ inot,ioutsiinsiorint
data Ki]m’ feet, mile, kilf, metr,jblank
1 /°kiIm?,"feet’, mile’,"kilf’, "metr®,” °/
write (iout,10) unixsuniz .
10 format .(Sx,“units of distance measurement are in ‘,ad,
1 ° and heiahts are in “,ad)
20 if (unix .eq. mile) facx=1,609347
it (uniz .eq. mile) facz=1.609347
if (unix .ea., feet) facx=3.048006e-4
if (uniz .ea. feet) facz=3.048006e=4
if (unix .ea., kilf) facx=3,043006e=1
if (uniz .ea. kilf) facz=3,048006e~1
if (unix .eq. kilm) facx=1.0
if (uniz .ea. kilm) facz=1.0
if (unix .ea. metr) facx=1.0e=3
it (uniz ,ea. metr) facz=l.0e=3
if (facx .ne. 0,0) go to 40
write(iorint,30) , _
30 format("” unix specification is incorrect”)
return .
40 if (facz .ne., 0.,0) go to S0
facx=0.0
return
c multiplyina factor for heiahts to convert to aistance units.

c necative sian to cOmnensate for deoths + downward later “calc”.

50 facz=z=facz/facx
return
end
CREXTHR X F KT XK % * X
subroutine tancet(o,2dtl,rl,2d2,r2,2d3,r3,2d4,r4,t12)
¢ arctanagent adgitiom with alternating terms negative
dimension 2d(4),r(48)
r(1)=r1
r(2)=p?
r(3)=er3
r{(4)=p4
zda(1)=zd1
zd(2)=zd2
z2d(3)=2za3
z2a(4)=z204
is1t
sum=0,0
ta=0,0
do 60 i=1,4
frum=z4(i) .
if (fnum .ea., 0,0 ) o to 60
¢ subroutine oyvy=passeu for p=0
f= fnum/(n*r(;))
if (i .eq, =1) f==f
frum=ta+f ,
Adenz1.,0g0=tqx*xf ‘
it (dem .ea. 0.0 ) go to 30
tasfnum /Aden
if (den .at. 0,0 ) go to ol
if (fAum ) 10, 60,20

10 suym = sum=3.1415973
ao to AQ
20 sum = sum+3.141593
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o to 60 .
30 if (fnum J1t. 0.0 ) go to 40
sum=sum+1,570796
ao to S¢
40 sum=sum=1,570796
S0 ta=0.0
60 iz==j .
t12= atan(ra)+sum
return
end

(‘************t**

D3O 00

0o o0

e

Suhrour1ne co]ot(pc,a,nt,pk title,*)

jk must be zero for first call of cplot. later calls use revised xb/yb

ci===the initial contour value (calculated)
pc,dc===the increment in the contour values (read in)

_alysx)===the inout array containing the data to be contoured.

index for equivalent 1d array is n*(x=1)+y
me==the final value of x~index in a~warray
n===the final value of v=index in a~array
lTimits of olot are al(yi,xi) to afn,m)
nx isS number of intervals in x=direction (riaght) less than 41,
ny i8 number of intervals in y=direction (down) less than 41,
characterx18 title
inteaer ont(131),svm(3S),c,iv(41),ix(41)
common /side/xb(900),yb(900), 11(50)
COMmon/fots/xf(lﬂoo)ryf(1000).sz1000)
common /conta/ mens dx,dy, XMPA,VYMA,XMX,YymX
common /trans/ inpt,iout,jinsiorint
common /widect/ naxcol
common /bodk/ mm,nlim, jbody,short,nend
dimension a(1),xa(900),ya(200),111(50)

data svm/“1°,72°,°3%3°,74°,°5°,°6°,°7°,°8%,°9°,%a*,°h*,%¢c*,*d", ‘e

4 s .
1 f’p'g',’h‘r"l"']'p'k""'p'm'p'n"'O'p'D',’Q','F’p’S""t'r

4
’

2°u’ “w x0T 2%/rihor/ =%/ ivert/® 1/, , iolus/°+°/

needs carr1aoe with 15? columns available or change maxcol
data maxcol,iblank,jex/131,° “,*%x*/
if(pc.ea.0.) return 1
de=oc
if (m .1t, 2) ao to 650
if (m .at., 41) go to 650
if (n .1t. 2) ao to 650
if (n .at. 41) a0 to 650
maxcol=naxcol+! _
if (naxcol .eag. 0 .or, naxcol .at. 130) maxcol=131
nxs=m=1
ny=n=]
if(jk.eq.0) ao to 60
write (iout,10) title,n,m, nt,vmn,vmx:xmnpxmx:dc
10 format (///,° exvect olot of “al®,” o0f’,i3,” bv’,i3,
1 °(°,i3%,%) arpra’ ) )
2 ‘ve x=7,18.1,° to®,f8.1,° v=°,fR.1,° to’,f8.1,° contoured at”’
3 $7.1,° aammas’,//)
fminz 1_,0e20
fmax==1,0e20
do 20 i=1,nt
aij=z=a(i) )
if (aii .qt. fmax) fmax=aij
if (aii .1t. fmin) fminzaij
20 continue
30 fec=fmin/Ac
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%)

fe)

ic=fe

iftamod(fcsl.)one 0. ic=ic+t

if (ic J1t. 0) ic=ic=!l
je=fmax/de¢

if (jc Jlt. 0) je=jec=1
ncont=jc=ic+t!

if (ncant .1t. 36) qo to 50

wprite (iout,d0) de

4n format (Sx,’reauested contour interval of’,f9.4, ° is douoled’,
’ pecause more than 35 contours are produced.’)

50

60

1

dc=2.0*de

aoc to 30
cd=1.0/4de
ci=dexic
cfsacxjc_
width=maxcol=l
uxs=nx/width

number of columns in one arid

maintains true prorortions

70

number of columns oer unit

fiine=1.0/ux
fiince=0.5+fjinc
colefm=1,0=fjinc

uy= dxxux/( dy*0.6)

if (uy J1t. 1,0) go to 80
uy=1,0/uy

werite (jout,77) uv

format(Sx,y=distances are exaagerated by’,f9.4,° for contouring’)

uy=1,0

80 dix=fjinec/dx

90

100

12n

130

1 “%=",f3.1," to’,f8.1," V="‘5.1g'

2

fiinc=1.0/uy
div=fiinec/dy
row=1,0

do 90 k=1,ny
row=rowtfiine
iv(k)=row+0,8
Tastrw=iv(ny)
col=1.0

do 100 k=1,m
jx(k)=col+0.5S
col=col+fiine
if (ik .re. 0) o to 300

olot boav(s) corners .

interval

distance

with x expanded to 130 columns

write (jout,110) titlesymn,ymx,xmn, xmx
110 format_(///,° exnect olo*t of_‘alR,

v increasas to the right and x

do 120_i=1onenﬁ
xalid=xp (i)
vali)=voli)
continue

do 130 i=1,mm

11 (i)=11(4)
continue

no=nend

ir=1

do 280 jrow=1,lastrw
do 140 1=1,maxcol
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pnt(l)=iblank
140 continue
je=( 4
do 180 i=1,mm
iszie+l )
fezie+l V(i) _
if(111(0i).eq.0) ao to 180
150 ky=1.5001+dlyx(va(is)=vmn)
if(kyene.jrow) go to 170
kx=1, Sﬁ01+d1x*(xa(VS)-xmn)
iflkxolt.leor. kx.ct maxcol) ao to 170
ont(kx)s=sym(i) ’
nb=nbe=1
do 160 k=is,nb
kk=k+1
xalk)=xalkk)
va(k)=valkk)
160 continue
issis=1
iezjie=1
T17(¢i)=111(Ci) =1
170 is=is+!
if(igs.le.i®) go to 150
180 continue

itest=0 .
if (irow .ea. lastrw) ao to 220
if (irow .ea. 1) ao to 220

if (jirow .ea. ivy(jr)) ao to 210

it (pnt(maxcol) .ea. iblank) pnt(maxcol)=ivert

it (ont( 1) .ea., iblank) ont( 1)=ivert
190 write (1out:2°0) (ont(k),k=1,maxcol)
200 format ( 1x,131a1)

ao to 2850
210 itest=1

ir=tl+jr
220 do 230 k=1l,m

kx=jx(k) _

if (pnt(kx) .ec. iblank) pnt(kx)=jolus
2?30 cortinue A

if (itest .ea. 1) ag to 190

do 240 k=1lr,maxcol

if (ont( k) .ea, iblank) pnt( k)=ihor
240 continue .

if (irow .ea. lastrw) ao to 290

if(maxcol.eq.1%31) aco to 260

write(iout,250)
?S0 format("1")

write (iout,200) (pnt(k),k=1,maxcol)

Qo to 280
260 write(iouts270) (ont(k), k=1, maxcol)
270 format(”1",131al)
?80 continue
290 wprite (iout,200) (pnt(k),k=1,maxcol)

~ return . ‘

next statement used if onlv first body corners to he plotted
otherwise all could be olotted
nb is total numper of cornmers of first bodv af model here
300 nb= 11(1)

nf=1i

1=0
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310 do 320 k=nf,nb
kik=k
dum=xb (k) _
if (dum .1t. xmn) ao to 330
if (dum .at. xmx) ao to 330<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>