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PREFACE

The present result of combining several programs into one large
overlay program would not have been possible without the previous
work of many individuals in the U. S. Geological Survey and some
outside the Survey. The Geopac system of programs was conceived and
initiated by Gordon Andreasen of the Branch of Regional Geophysics
a few years ago and he has been the prime mover behind tne project.
Walter Anderson, Dave Handwerker and Paul Zabel of the Computer
Center Division were the persons mainly responsible for designing
and coordinating the original programs in the gystem. Acknowledge-
ment to several other people who wrote individual programs is given
by citing their names with the subroutine titles under Contents.
Recognition is also given herein to the authors of two subroutines
that are not called directly but are an integral part of the package:
PRPLOT (printer plot) by Peter Smidinger and CPLOT (printer contour)
by Gary Selner.

As is necessary with a system such as this all programs weare
modified as to input and output and other modifications or additions
were necessary sometimes to preserve the continuity of the program.
However, in all cases an attempt was made to preserve the coding
of the original author of tine program. The original concept was to
have two systems -~ a two~-dimensional and a three~-dimensional system.
This program combines both systems into one program and by doing
this and using a catalogued procedure, Job Control Language cards
are kept to a minimum and data sets can be passed quite easily between
processing routines. The main reason for this approach was case of
use for the casual user.

All the subroutines are written in Fortran IV and compiled
under the Fortan G compiler except for two small assembly language
subroutines in the contouring subroutine, The program is now opera-
tional on an IBM 370/145 computer in Dhahran, Saudi Arabia with .
140K bytes of main memory required, exclusive of the amount necessary
for the various buffers. The three graphic subroutines are machine
dependent as they are written for an EAI 430 plotter, but they can
be quite easily changed to conform to othzar plotters.

The package consists of 24 subroutines that have been written
up to the present time. It is anticipated that as new subroutines

are written and suggestions and/or programs are certainly welcome,
that the program will be updated from time to time.

R. H. Godson
Jeddah, Saudi Arabia

May, 1973
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GEOPAC

by
Richard H. Godson

ABSTRACT

GEOPAC consists of a series of subroutines to primarily process
potential-field geophysical data but other types of data can also
be used with the program. The package contains routines to reduce,
store, process and display information in two-dimensional or three-
dimensional form. Input and output formats are standardized and
temporary disk storage permits data sets to be processed by several
subroutines in one job step. The subroutines are link-edited in
an overlay mode to form one program and they can be executed by
submitting a card containing the subroutine name in the input stream.

INTRODUCTION

GEOPAC is an acronym for geophysical package, a series of
computer subroutines to process potential-field geophysical data.
The present program was developed by combining several individual
programs, written by many individuals, into one program in an overlay
mode. This package contains subroutines that are called into memory
from disk by a root program that is always resident in the computer.
Only four Job Control cards are necessary for execution of this
program.

The algorithms in the program reduce gravity and magnetic data,
optionally store the data on permanent files for later retrieval,
process the data by performing such transformations as upward continu-
ation, digital filtering and surface fitting and then display results
in graphic form on the printer and a plotter. Other types of data,
for example, airborne radiation data, can also be processed by this
program by preparing the data sets in the proper format in a previous
job step. Explanation of the algorithms used and the necessary
cards for execution are described under the individual subroutine
sections.

Input may be profile data, random or gridded areal data. Random
data may be gridded by subroutine GRID3D. The program will accept
the input data from ecither the card reader, tape or disk, process
and place the data sets on a temporary disk (Fortran reference
number 1l1l) in one of the two GEOPAC formats, depending on whether
the data is in profile or gridded form. The subroutines that interpret
the data place the output on temporary disk (Fortran reference number
15) in the same input format so that it can be reprocessed by any
other appropriate subroutine. Since each of these subroutines auto-
matically place output data at the start of the data set extent,
any reprocessing should immediately follow the initial processing
of data sets.



The subroutines that optionally store data on permanent files,
PROF2D, GRET3D and INPT3D have no provisions for updating, replacing
or deleting data sets. If any of these operations are desired, a
new data set name must be given to the data.

Each subroutine has certain built-in checks for the validity
of information on the parameter cards and if an error is detected
control is returned to the root program which prints an error message.
However, execution continues by reading cards until a card witn a
subroutine name is encountered.

Several data sets can be processed with one call to a subroutine.
Tnis is made possible by the use of subroutine REREAD (transparent
to the user), which is used throughout the program to control the
flow of processing within a subroutine from one subroutine to another.
REREAD is a routine that allows data that has been already read into
an input buffer to be reread again with the same or different format
without physical 1/0.

The GEOPAC program was compiled in performance of the work
agreement between the U. S, Geological Survey and the Ministry of
Petroleum and Mineral Resources, Kingdom of Saudi Arabia. The various
subroutines were tested on the IBii 370/145 computer at the College
of Petroleum and !Minerals, Dhahran, Saudi Arabia, in 1972 and 1973.

PROGRAM STANDARDS

Certain standard specifications are used in order to keep the
use of the package as simple as possible. The names of the suoroutines
associated with profile data have 2D (for two-dimensional) as the
last two characters in the name, while areal data subroutine names
end in the characters 3D. Also, the first four letters in each name
are symbolic of the nature of the subroutine.

The maximum number of data values that can be processed with
the 2D subroutinas is 2000 per data set, except for subroutine TALW2D,
where the maximum is 500. The maximum array size for the 3D sub-
routines is 64 by 64, with the exception of subroutinc GRAV3D, which
is 45 by 45 and subroutine PHYP3D, which is 32 by 32.

The index (1,1) of gridded data is the upper left corner of the
grid. The first subscript refers to the row number while the second
subscript is the column number. A row is considered a line that extends
in an east-west or X direction and a column extends in a north-south ‘
or Y direction.

Disk input to all interpretative subroutines, that is, those
routines not associated with data input or graphic output, is by the
use of Fortran reference number 11 and output from those subroutines
to temporary disk is by Fortran reference number 15. The format on

both disks is thz same.



File 16 is used for a disk work area for subroutines CONT3D,
MAGM3D, and !IAGA3D, The plotter software uses file 9 for tape
output while files 10, 12, and 14, are storage files for profile
data, gravity data and gridded data, in that order. From the above
it is seen that the program uses Fortran refarence numbers 9 through
16, except for number 13, which is unused. Of course, all file
designations can be orerridden with appropriate Job Control Language
statements to interface with a user's own files.

All interpretative subroutiness with names ending in 2D will
produce a printer plot of the processaed data and those that end in
3D will automatically produce a printer contour map with 20 contour
levels.,

ABSTRACTS OF SUBROUTINES
PROF2D

This subroutine places data in profile form from either cards,
tapes or disk to temporary disk in the format acceptable to the other
two~-dimensional subroutines of the GEOPAC program. Object-time
formatting permits the input data to be in any format acceptable to
the Fortran IV language. Options in the program allow for tae pre-
liminary operations of scaling, shifting, or detrending the data.
Profiles may also be concatenated to combine several data sets as one
and data sets may also be stored on a permanent file.

PRET20D

Profile data stored on a permanent file can be retrieved by this
subroutine, The selected data sets are placed on temporary disk for
input to other two-dimensional subroutines in the GEOPAC program.
Optionally, the data set can be punched in any format specified by
the user.

FILT2D

This subroutine computes weights for low-pass, high-pass and
band-pass filters which are then applied to two-dimensional profile
data. Weights are such that the phase shift is zero for all frequen-
cies and a filter gain of unity from zero frequency to the ideal cut-
off is obtained. Output will be some subset of the input data witn
certain frequencies removed.

CONT2D

Total intensity anomalies from data observed at equal intervals
cn a lower level are calculated by this subroutine. This method of
upward continuation for profile data is based on the method of
Henderson and Zietz (1949).



TALWZD

This subroutine calculates the vertical component of gravita-
tional attraction of two-dimensional bodies of arbitrary shape by
approximating them to many sided polygons. The technique used is
due to Talwani, Worzel and Landisman (1959).

MAGM2D

This subroutine computes theoretical maghetic anomalies for
two-dimensional bodies magnetized in any specified direction. Vertical,
horizontal, and total field anomalies are computed at a series of
observation points equally spaced along a profile.

PLOT2D

This subroutine plots profile data on an EAI 430 plotter. \
Several profiles may be plotted together, the number depending on |
the height of the individual profiles. ,

INPT3D

This subroutine reads in gridded data from cards, tape or disk
or retrieves the same type of data from a storage file and places
it on temporary disk in GEOPAC format for entry to other three-~
dimensional subroutines. The input data can be in any format accept-
able to the Fortran IV language or it may be unformatted if it is
already in GEOPAC format. Optionally, the input data may be stored
on a permanent file.

GRED3D

This gravity reduction subroutine computes the free-air and two
simple Bouguer anomalies for stations located either within closed
loops or on base to base traverses. Linear drift and tide corrections
are applied to all stations. The reduced data after a polyconic pro-
jection are placed on a temporary disk for input to subroutine GRID3D
and optionally punched on cards for storage by subroutine GRET3D.

GRET3D

Gravity data can be stored or retrieved by this subroutine. Data
is stored by data sets but retrieval can be done by either data set
identification or by specifying limits of latitude and longitude. A
printer plot of station locations is always provided and also the
data is always written on temporary disk for input to subroutine
GRID3D.

GRID3D

This subroutine will compute grid intersection points over a
defined region of any given dimension for irregularly spaced data,
The random data values can come from the output of subroutines GRED3D
or GRET3D or they can be on cards, tape or disk in any format accept-
able to the Fortran IV language. The computed grid data is written

4



out on temporary disk in GEOPAC format acceptable to other three-
dimensional subroutines of the system,

FILT3D

This subroutine provides a method of wavelength filtering of
map data. Regional, residual and band-pass filters of several
different wavelengths can be applied. The filter coefficients were
obtained from Zurflueh (1967).

FANF 3D

This subroutine can be used to analyze data on a grid to deter-
mine anomaly lineation by means of fan-filtering techniques. The
technique is used to separate anomalies that strike in a preferred
azimuth range.

CONT3D

This subroutine computes upward continuation, downward continua-
tion, first derivative and second derivative of gridded data according
to the method of Henderson (1960),

GRAD3D

Gradient values at each point on a specified grid are computed
by this subroutine.

POLY3D

This subroutine fits, in the least-square sense, a surface to
a set of data by means of orthogonal polynomials.

GRAV3D

This subroutine is designed to calculate a three-dimensional
structural model directly from gravity anomaly data by means of the
iterative method of Cordell and Henderson (1968). The source of the
gravity anomaly is represented as a bundle of vertical prism elements -
each prism element having a cross-sectional area equal to one grid
square, uniform density, and a vertical position fixed with respect
to a specified reference surface.

MAGM3D

This subroutine computes the exact values of the normalized
magnetic field at a specified number of grid points on the obsarva-
tion plane above a three-dimensional body.

MAGA3D
This subroutine computes the anomalies caused by magnetic

distributions of arbitrary shape in a thrz2e-dimensional modeling
procedure. The total magnetic intensity at grid points in a north-
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south vertical coordinate frame is calculated for bodies tihat can be
in any form that can be described by plates or parallelepipeds.

MAGR3D

This subroutine carries out the "pseudogravity" transformation
as used in potential-field geophysics, whereby a total magnetic
intensity map is converted into a gravitational equivalent in terms
of hypothetical physical properties. The procedure is based on
convolution in the frequency domain, utilizing the Fast Fourier

. Transform.

PHYP3D

This subroutine implements a system of analysis of geophysical
data by Cordell and Taylor (1971), based on Poisson's theorem relating
gravitational and magnetic potentials due to a common homogeneous
source. The program computes the total magnetization direction and
the minimum of the Koenigsberger ratio Q, plus other related irforma-
tion, by utilizing the Fast Fourier Transform and a least-squares
solution of a system of linear equations established in the frequency
domain,

PLOT3D

This subroutine will produce a perspective drawing of gridded
data on the EAI 430 plotter. The data can be viewed from any vertical
and horizontal angle and the points can be drawn by straight line
connections or connected as a histogram.

PRPL3D

Contour maps on line printer sheets can be produced from the
output of this subroutine. Alphanumeric symbols are printed to
represent the different contour levels. Input parameters allow the
user to specify any plot scale, e.g., 1/250,000, a subset of the data,
the minimum and maximum values to be contoured, the contour interval
or the number of contour levels to be produced.

CTUR3D

This subroutine will contour a data set on an EAI 430 dataplotter
using the Wolf Research contouring program. Several options are
available to the user such as: grid and/or value overlays, contour
suppression, rotation of plots, polar plots, contour enhancement and
multiple plots.



PROF2D
by

Ralph N. Eicher and Wayne Buehrer

Description

This subroutine translates data in profile form from eitaer
cards, tape or disk to temporary disk in a format acceptable to
other two-dimensional subroutines of the package. Object-time
formatting allows the data to be in any acceptable format to the
Fortran IV language. A profile represents a set of ordinate values
measured at equal increments of distance along the abscissa. Incor-
porated into this program is a concatenate option which combines
several profiles into one data set. The data may be scaled and/or
shifted and/or detrended by means of three options (fig. 1l). The
scale and shift operations cause translation of the entire data set.
The detrend option causes a rotation of the data set by removing a
linear £ (x) for which the (x,y) coordinates of two points must be
furnished.

Each option operates upon the data produced by the previous
option and when selected the following sequence takes place:

l) Concatenate
2) Scale

3) Shift

4) Detrend

1) Concatenate - causes several profiles to be combined by appending
subsequent profiles to the end of preceding ones.

2) Scale - causes each value to be multiplied by the scale factor.
3) Shift - causes each value to be added by the shift value.

4) Detrend ~ provides for the removal of a specified linear trend
from the data. The distance between consecutive Yll values is Ax

(a constant). Two points P; (x,y), P, (x,y) can be used to determine
the slope and ordinates of the linear function. Then the distance
between a point x&l and a point P; (x,y) on the straight line is
formed by:

y <270
xz-xl
X; = ifx
Y, = M(%3- X3) + ¥y, i=1,2,.....N



normal to the straight line.

and Yillll = Y,
1111
¥y

11 _ Y.
i i

is a distance parallel to the y-axis, not

Input
Card 1
Column Format Name Description
1-4 A4 ip Data set identification.
5-12 F8.4 | DELX The distance between data values.
If left blank it is set to 1.0.
13 Il OPTI A one in this column initiates the
detrend option.
l16-23 F8.4 SCALE A multiplicative scaling factor., 1If
left blank no scale action is taken.
24-31 F8.4 SHIFT A value to be added to each data point.
If left blank no shift action is taken.
32-39 F8.4 Xy Coordinate for Pl(x,y).
40-47 F8.4 Yl Coordinate for Pl(x,y).
438-55 F8.4 X2 Coordinate for Pz(x,y).
56-63 F8.4 Y, Coordinate for P, (x,y).
64-66 I3 ICNCT Leave blank if data set consists of only

one profile. To concatenate profiles
place a 1 in the field for the first
profile and a number between 2 and 8
for succeeding profiles, except foxr the

last one when a 9 must be puncaed.



Column Format Name Description

68-69 I2 INPUT Fortran input data set reference number.
If blank it is set to 5 for the card
reader.

73 Il IOoP A one in this column will store the data

set on tape.

75-80 A6 SNAME The characters PROF2D must be punched.
Card 2
1-76 19a4 IFMT The format of the data value cards that

follow. For example: (10F7.0).
77-80 I4 N The number of the data values in the

profile.

The following cards are the data cards in the format described
on Card 2. If profiles are concatenated, each profile will have a
Card 1 and Card 2 followed by data cards.

OutEt

Prior to listing any output the program scales and shifts the
data if these options are chosen. The first line of output lists
the identifying parameters: ID, N, ITYPE, DELX, YMIN, YMAX, SCALE
and SEIFT. The parameter ITYPE serves to identify whether or not
the final data written on disk has been detrended, and at this point,
it is given as 0. The following lines of output are the data values.

If the detrend option is exercised, the parameters ID, N, ITYPE,
DELX, ¥YXIN, and YMAX are printed. 1In this case ITYPE is assigned
a value of 1,000. The detrended data values are then listed.

The data in its final status is then written on temporary disk
in the standard two-dimensional format and if the option is chosen,
the data is also placed on a permanent storage file (file 10).

The ID for concatenated profiles is the identification of the last
profile,
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detrended data.
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PRET2D

by
Richard H. Godson

Description

Profile data recorded on a permanent storage file can be retrieved
by this subroutine., The storage file is searched serially uatil the
data set ID on tape matches the specified ID on the parameter card.

The data set is placad on temporary disk in the standard format and
also listed on the printer. An option is provided to punch the data
values in a format specified by the user.

Input
One card is required for this subroutine in the following format: i
Column Format Name Description |
1-4 AF ID Data set identification.
6-37 8A4 IFMT Format of puncned card output of data
values.
40 Il Jop Leave blank if no card output. A one in

this column will punch data values.
75-80 A6 SNAME The characters PRET2D must be punched.

Output

The data set parameter and data values are listed on the printer
and also placed on temporary disk in the standard format. If the
punch option is taken, the first card will contain the ID and delta
X value and the remaining cards will have the data values in a user-
specified format.

FILT2D
by
Dave Handwerker and Ralph N. Eicher

Description

Weights for either high-pass or band-pass filters may be based
on weights for appropriate low-pass filters. The weights for a low-
pass filter are calculated using a given h which is a variable

11



parameter permitting variations in the slope of sine termination and
ro' the normalized cutoff frequency. The number of weights calculated
is always odd and the values are symmetrical about the central weight.
Weights are such that the phase shift is zero for all frequencies and
a filter gain of unity from zero frequency tc the ideal cutoff is
obtained. (If both h and r, are zero, an odd number of equal weights
summing to unity is obtainea, which is the moving average case.)

If the number of weights is 2N+1, the output will never include
smoothed values for any of the first N or last N points. If the
given values are spaced at intervals of AX, the transformed values
may be computed at some multiple of AX.

As an option the frequency-response function R as a function of
r, the normalized frequency ratio, may be computed for certain values
of r between 0 and 9.5.

For a low-pass filter involving 2N+1 discrete weights
W N' W‘N+1' s oo w.l, Wo, w1' cee wN__l' WN the quantitles Lk

(k=0,1, ... N) arc computed as follows:
LO = 2(rc + h)

Lk _ cos 2mkh |
l - 16h2k2*

. [ sin 2k (rg + h)'] , k=1, ... N)
mk B

Here r, is the normalized cutoff frequency for the ideal filter
and h is a variable parameter which permits variation in the slope
of the sine termination and is effective in diminishing the oscillations
beyond the first zero crossing of the frequency-response function.
Note that considering the first factor of Ly, a continuous function
of h, its value is 7/4 when the denominator vanishes, i.e. when
hk = 1/4.

Ly + A, (k=0,1, ... N)
2N+1

N
l1-J|L,+2 3 L
[° k=1 "]

furthermore W_, = W, for k=1, ... N

Then Wk

whare A

For a high-pass filter with 2N+l discrete weights and parameters r
and h the weights are readily computed in terms of those of the
corresponding low-pass filter.

c

Wo' = l - WO
Wk’ = Wk (K'-"-l' T N)

For a band-pass filter with 2N;+1 weights Wy for the lower cutoff and
2N,+1 weights W' at the higher cutoff

12



Wk' =Wk. "'Wk ’ k= l' cee g Ngmax(NliNZ)

where the W, ' and W, are computed for high-pass and low-pass filters
with parameters r,', h' and r h respectively, and if N; and Ny weights
Wx and Wy' have indices beyond Nj or N; respectively they are set at
zero.

The frequency response function R for a given normalized
frequency ratio, r, is given by
N
R(r) = Wg + 2 I Wy cos(27kr)
k=1

r is the ratio f/fs where f is the frequency in cycles per unit
independent variable and fs the sampling rate.

The smoothed value for the ith data point is found from
N
Y, = E-N Y, + kW

thus involving 2N+l given y values, as well as 2N+1 weights, with :
Wy = W for high and band-pass filters as well as for low-pass filters.

Input

One parameter card is required to compute one set of weights
for either a low-pass, high-pass or band-pass filter. The layout
for such a card is as follows:

Columns Format Name Description
1-4 A4 ID Data set identification.
16-20 I5 Il The first point (between 1 and NY)

for which a smooth value is desired.
21-25 IS5 I2 The last point for which a smooth
value is desired.
26-27 I2 IDEL The ratio of the X interval on the
output to that on the input. If given
as less than 1, it is set to 1.

28-30 F3.3 CUT(1) The first normalized cutoff frequency.

13



Column Format Name Description

31-33 F3.3 H(1l) The first variable parameter h.

34-36 I3 N(1l) The total number of weights 2N(l) + 1 to
be used in connection with CUT(l) and
H(1l) 0sN(1l) <300.

37-39 F3.3 CUT(2) Second normaliéed cutoff freéuency. Not
needed except for band-pass filter when
it should exceed CUT(l).

40-42 F3.3 H(2) Second variable parameter. Not needed
except for band-pass filter.

43-45 I3 N(2) The number of weights 2N(2)+1 for the
higher normalized frequency. 1<N(2)<300.
Not needed except for band-pass filter.

46-49 I4 ITOUT The type of filtering desired. If the
digit in column 46 is 2 or less, a low-
pass filter is called for; if equal to
3 a band-pass filter is called for; while
if this digit is 4 or more, a high-pass
filter is called for. The last three
digits (columns 47-49) may be used to
identify different filters used for the
same data set.

50 Il IRSP If not zero (or blank) a frequency response
curve is not computed.

51 Il IPRN If not zero (or blank) smoothed values

will not be written on the printer,
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Column Format Name Description

52-61 E1l0.0 XMAX The maximum value of the X axis on the
plot of the data. The maximum input
data point is used if these columns are
left blank.

62-71 E10.0 XMIN The minimum value of the X axis.,on the
plot of the data. The minimum input data
point is used if these columns are left
blank.

72 Il NPLOTS The number of the plots of the filtered
data desired. If blank it is set to one.

75-80 A6 SNAME The characters FILT2D must be punched.

If any of the following: H(l), H(2), CUT(l), CUT(2), N(l), or N(2)
are given as non-positive the corresponding value is set to zero, If
Il is less than N+1, it is set equal to N+1l., If I2 is either less than
or equal to Il or else greater than NY-N, it is reset to NY-N.

Output

The weights Wo, Wy, === ,Wn will be printed out, after being
computed, 10 values on"a line.

If IRSP is zero, responses R for normalized frequencies r are
printed out for r = .001 to .050 in steps of .001l; for r from .052
to .100 in steps of .002; for r from .105 to .200 in steps of .005;
and for r from .210 to .500 in steps of .010.

If IPRN is different from zero the filtered values are printed.

The filtered values are written on temporary disk in the standard
format and also plotted on the printer. The variable ITYPE that is
written on disk may vary from ITOUT on the parameter card as follows:
the first digit of ITOUT on output will always be 2 for low-pass filter:
and always 4 on high-pass filters, Also, if ITYPE is equal to ITOUT,
then the last three digits of the input ITOUT are increased by 1 for
the output ITOUT.
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CONT2D

by
Dave Handwerker, Gordon Andreasen and Paul Zabel

Description

A data set profile is read from an input file and then it is
continued upward the number of units specified by an input parameter,
The parameter NK specifies the number of coefficients K(I, H),
(actually 2(NK)-1 coefficient values because they are symmetric about
the middle point), to be used in obtaining upward continued valuss,
where I = 1,2,...,NK and H is the height to which the data is to be
continued. The data points are Y(J), J =1,2,...,NY, where NY is the
total number of points observed at an equal interval DELX.

DELX«Hxl/7
(H2+x2)

K(I,H) =

Where X = (I-l)DELX, I = 1,2,...,NK.

At a point J and a height H, the upward continued value 2(J) is
found by the following equation:

1=J2
2(J) = I Y(I) . K(L,H where L = |I-J| + 1,
1=J1

J1 = maximum (1,J-NK+l), and J2 = minimum (J+NK-1,NY).

J may be any value from 1 to NY. The interval for J's may be
from 1 to 99 (which implies that the X-interval may be from DELX
to 99 DELX on the output). To avoid undesirable end effects, the
user should choose Il (minimum J) as greater than or equal to WK and
I2 (maximum J) as less than or equal to NY - NK + 1.

Ingut

One parameter card with the following format is necessary for
each continuation.

Columns Format Name Description
1-4 A4 ID Data set identification.
14-18 15 I1 The first point on the profile for which

upward computations are to be made.

19-23 15 12 The last point on the input profile for

which upward computations are to be
made.
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Column Format Name Description

24-25 I2 IDEL The multiple of the input interval DELX
to be used for output (1< DELX <99).

26-28 I3 NK The number of the coefficients to be used
‘in obtaining upward continued values.

29-36 F8.0 H The height to which the data values are
to be continued (H> 0).

37 Il IPRN If a 1 is punched in this column, the
upward continued values will not be
printed out. Leave blank if they are to
be printed.

38-42 F5.0 XMAX The maximum value of the X axis on the
plot of the data. The maximum input date
point is used if these columns are left
blank.

43-47 F5.0 XMIN The minimum value of the X axis on the
plot of the data. The minimum input data
point is used if these columns are left
blank.

75-80 A6 SNAME The characters CONT2D must be punched.

The following default options take place if the indicated para-
meters are left blank. If Il is less than 1 or greater than the number
of points it is set to 1 and in the same way 12 is set to the number

of points., If H is non-positive, it is set to 1.0.

Output

The output will include the input parameters, the computed data
values with maximum and minimum and a printer plot of both input and
output profiles. The upward continued values will be written on
temporary disk in the standard format.
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TALW2D
by
Paul 2abel

Description

The program will compute the vertical gravitational attraction
at any point where X and 2 coordiriates are given specifically or it
will compute the value along a profile where the first and last
X-coordinates; delta X, and a constant Z-coordinate are given. The
gravity values will be plotted on the printer either on a page size
plot or a varying size plot by running the X-axis down the page. The
calculated gravitational attraction may also be incremented by any
constant desired. The program also contains an option which allows
the problem to be dfined in terms of miles, kilofeet, or kilometers.

If desired, an observed profile may be read from disk for
comparison with the calculated profile.

Definition of tarms

(1) Field points are the points at which the gravitational
attraction of each body is calculated. The origin of the coordinate
system (with X-axis horizontal and Z~axis positive downwards) may be
at any point (-9999,999 < X-coordinates <9999,999). The coordinates
of the field points are determined with respect to the origin.

(2) Body points beginning with the first polygon that approximates
the cross section of a two-dimensional body, arbitrarily assign the '
value 1 to any of the vertices. Assign the values 2, 3, 4... N in
clockwise order to the other vertices, ending at the first point vertex.
The first vertex thus has two values assigned to it, 1 and N, Thus if
the body has N geometric points it will have N+l body points.

General formula
The irregular cross section of the two-dimensional body is first
represented by an irregular polygon. This is the only approximation

involved in this method. It will be recognized that the approximation
can be improved merely be increasing the number of sides of the polygon.
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Figure 2. Cross section of a polygonal two-dimensional body.

This expression for the attraction of a two-dimensional body
with the cross section of a polygon has been obtained in terms of the
coordinates of the vertices of the polygon by Talwani et al. (1959).
The expression given below has been slightly rearranged to make pro-
gramming easier for a computer. If x;,2zj, and Xj41rZ4i4] are the

cartesian coordinates of successive vertices (in clockwise order),
the vertical component of the gravitational attraction of the n sided
polygon evaluated at the origin is given by

N x 241 ~ zixi+l .ri+1
Ksizl (xi+;:;i)2+(2;;1'zi)z r(xﬂl.xi)(ei-ai+l)+l/2(zi+l'zi)l°g i
where
riz = xiz + za’2

8; = arc tan %i
Xi
= z;
0i41 = arc tan i+l

Xi+l
S = density contrast

K = constant: 13.34 if units in kilometers, 4.065 if units in
kilofeet and 21.46 if units in miles.
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Most arc tan subroutines yield a + answer when dealing with a + argu-
ment and a - answer when dealing with a - argument. To get the correct
value of 6;-8;,; the following procedure is used:

If x; is -,

If xi

If X;

If Xi

If Xy

If xi

is

is

is

is

0,

z; is -, ei =

arc tan 2i - ¢
x.

i
z; is 0 or +, 8, = arc tan 2i +m
- Xi
z; is 4, ~ or 0, §; = arc tan %i

Xi
T
z; is 0, ei =0
. n
. +, 9, =21
z; is +, 6, 5

Similarly 8i+1 is evaluated.

The difference 0;-8i+1 is taken in the following manner. If it

is more negative than -w, 27 is added to it., If it is greater than
+7, 27 is subtracted from it.
to be used in thzs above formula.

This yields the proper value ei-ei+l

Several parameter cards are needed to execute this subroutine.

Data set identification.
Maximum X coordinate to be used
Minimum X coordinate to be used

Maximum Y ccordinate to be used

Input
Card 1
Columns Format Name Description
1-4 A4 1D
25-34 F10.0 XMAX
35-44 F10.0 XMIN
45-54 F10.0 YMAX
55~-64 F10.0 YMIN

Minimum Y coordinate to be used

in plotting.
in plotting.
in plotting.

in plotting.

If the four preceding parameters are left

blank the maximum and minimum of the points

to be plotted will be used.
20



Column

65-66

67-68

69

70

71

75-80

1-80

1-5
6-10

Format

I2

I2

Il

Il

Il

A6

2044

I5
I5

The number of vertical grid lines in the
graph image of the long plot.
The number of the printer spaces plus one

between the vertical grid lines. The

- value of S in the following equation must

never exceed 6,000.

S = ((NL * 10) * (NS * 10)+1))+3

A "1" indicates that the long plot is
wanted. If left blank the standard page
size plot is desired.

A "1" indicates that no observed profile
is to be read in. 1If left blank an
observed profile is read in from the disk.
A "1" will print individual attractions.

If left blank no printing of individual

The characters TALW2D must be punched.

Any alphnumeric information to identify

Total number of bodies.

Name Description
NL
NS
COL69
COL70
IPR
attractions.
SNAME
Card 2
IDEN
the problem.
Card 3
L
M

The numbet of field points in tH& problem;
used in conjunction with Card 4b, If
Card 4A is used these columns must contain
five 9's.
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A constant in milligals which will be

added to the sum of the attractions of

This is non-zero if another problem

follows., The subroutine will start

If this variable is greater than zero

the contribution of the line integral of
each side of the polygonal shaped body

is printed in tabular form.

In addition to the table'attractions of
all the bodies plus a given constant, one
can also obtain a table of attractions

of the first body plus a constant, the
sum of the attractions of the first two
bodies plus a constant and so on up to
the total attraction table which is always
printed. This variable is equal to the
number of bodies to be summed, which are

summed in the order they are read in.

Column Format Name Description
11-20 F10.1 CONS

all the bodies.
21-25 15 J

again with card 2.
26-~30 i5 JS8Ss
31-35 I5 JJ1
36 Il PUN

If PUN is non-zero the X~-coordinate and
the vertical gravitational attractions
are punched on cards in 2F10.5 format,

one field point per card.

22
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Column Format Name Description

37-48 324 The problem may be defined in terms of
UNITS, MILES, KILOFEET, or KILOMETERS, which
UNITS2, :
U3 may be punched, starting in col. 37, If

left blank the program assumes kilometers.

Card 4A
Used when field points are not read in.
1-7 F7.0 FF First X-coordinate of a profile of field

points at which the vertical gravitational .
{
i

attraction is to be calculated. ;
8-14 F7.0 FL The last X-coordinate of the above profile.E
15-21 F7.0 DF The number of units between the points in
the profile.
22-28 F7.0 F22 This is the Z-coordinate for all the

field points in the profile.

Card 4b
dsed when field points are read in.

1-64 8F8.3 FX,F2z FX is the X-coordinate and FZ the z2-coordi-
nate of field points. They are punched
four points to a card. The Z-axis is
positive downward. Usually the X-axis is ;
chosen as the plane for the field points,
but if you wish to have field points vary
in the 2 direction (to represent topo-
graphy for instance) remember points above
the X-axis have a negative Z-coordinate,
Note: The maximum number of field points
per problem is 500,
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Column

1-5

6-10

11-20

1-64

Card 5

Format Name Description

I5

I5

LNO This is the number of the body. The

number of the last body must be equal to

the value of L on Card 3,

N This is the number of vertices in the

body plus one.

Fl10.5 RHO This is the density in gm/cc of the body.

Usually the surrounding material is

assigned a density of 0.0 and a density

contrast is used for the body.

Card 6

8F8.3 X,2 These are body point cards punched four

to a card in the same manner as Card 4b.

There may be up to 500 body points for

each body. The first vertex punched may

be anywhere on the body. The rest of the

vertices must be entered in order around

the body in a clockwise direction and the

first vertex must be punched as the last

vertex,

1

This is the reason N on card 5 is,

equal to the number of vertices plus one.

The following deck setup is the order of data cards for a problem
where Card 4a is used to define the field points and there are three

bodies.

Vs W -

Card 1 6.
Card 2 7.
Card 3 8.
Card 4a 9.
Card 5 10,

Card (s) 6 (lst body)
Card 5 (2nd body)

Card (s) 6 (2nd body)
Card 5 (3rd body)
Card (s) 6 (3rd body).

Any additional problems would follow.
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Outgut

The printer output is generally self-explanatory. The vertical
component of gravitational attraction and the vertical component
plus a constant factor are printed in the tables. Additional tabular
output is optional (see variables JSS and JJ1 on Card 3). The cal-
culated and the observed profile if one exists are plotted on the
line printer either on a page size plot or an extended plot with the
X-axis running down the page.

Optional card output may be obtained (see parameter PUN on Card 3).?

The calculated profile is written out on temporary disk in the
standard format.

MAGM2D
by

William B. Joyner and Gordon Andreasen

Description

A profile is calculated over a number of bodies which must be
polygons in cross section. The bodies are described by specifying
the coordinates of the polygons' vertices, as illustrated in Figure 3.
Up to 300 bodies may be included, and the direction of magnetization
may be chosen independently in each. The total number of points
used to describe all of the bodies must not exceed 999. A body may
extend to infinity in one direction, as illustrated by body number 2
in Figure 3, but in that case the lines bounding the portion that
extends to infinity must be parallel.

The first point on the computed profile will be located where
the horizontal coordinate X equals zero. Subsequent points will be
computed at a specified interval DX. The total number of points
computed, NLIM, may not exceed 2,000. The bodies may extend beyond
the limits of the profile at either end. '

If desired, an observed profile may be read from disk for com-
parison with the calculated profile, Both will be plotted on a page
size plot or a long plot. Any units (miles, feet, kilometers, etc.)
may be used for horizontal and vertical distance, as long as the
same units are used consistently throughout.
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Column
1-4
65-66

67-68

69

70

75-80

2-65

Format

A4

I2

I2

Il

Il

A6

Il
16A4

Name

IDN

NL

NS

COL69

COL70

SNAME

ID
ALPHM

Input

Card 1

Description

Data set identification.

The number of vertical grid lines in
the graph image of the long plot.

The number of'printer spaces plus one
between the vertical grid lines of the
long plot. Note: the value of S in
the following equation must never
exceed 6,000,

S = ((NL*10)+1) * ((NS*10)+1)+3

A "1" in this column indicates the
data is to be plotted on a long plot
where the X-axis (distance) extends
down the page. If left blank a
standard size plot will be produced
and cols. 65-68 may also be left blank.
A "1" must be punched in this column
if no observed profile is to be read
in.

The characters MAGM2D must be punched.

Card 2

A "1" must be punched in this column.
Any alphanumeric identification data

to be printed out.
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Card 3

Columns Format Name Description

1l I1 ID A "2" must be punched in this column.
2-4 I3 NB The number of bodies (1 < NB < 300).
5-10 F6.9 T The total field of the earth in gammas.
11-15 F5.1 FINC The inclination of the field in degrees.
16-20 F5.1 STRK The angle in degrees between the

magnetic north and the direction of
the right end of the profile.

21-24 I4 NLIM The total number of points in the
computed profile. ;

25-34 E10.0 DX The horizontal distance between points
on the computed profile.

35 Il NEL The number of elevations for which
profiles are to be computed (1<NEL<9).

36 Il Io0P When IOP=1 the vertical magnetic field
anomalies will be plotted, or if IOP=2
the horizontal field, or if IOP=3 the
total magnetic field.

37-45 E9.0 XMAX The maximum value of the X-axis on
the plot of the profile.

46-54 E9.0 XMIN The minimum value of the X-axis on
the plot of the profile.

55-62 E8.0 YMAX The maximum value (in gammas) of the
Y-axis on the plot of the profiles.

63-70 E8.0 YMIN The minimum value (in gammas) of the
Y-axis on the plot of the profiles.
If the last four parameters are left
blank the program will use the maximum
and minimum values of the data.
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Column

71-72

8-14

15-19

20-24

Format

I2

Il

I3

I3

F7.5

F5.1

F5.1

Name Description

NPLOTS The number of the times each plot is

to be printed (1<NPLOTS<99).
Card 4 (Body Card)

ID A "3" must be punched in this column.

NBC The body number, The bodies musﬁ be
numbered in seguence beginning with
one, and the body cards must be in
order in the input deck.

NP The number of points to describe the
body. The total number of points used
in describing all the bodies must not
exceed 999, and if a point is shared
by more than one body it must be counted
for each body.

FMAG The intensity of the magnetization of
the body in emu. For example if
T=54,000 and K# 001, then FMAG=,001 x
.54000 = ,00054.

RINC The inclination of the magnetization
vector in degrees.

STRR The angle in degrees between the
horizontal projection of the magnetiza-
tion vector and the direction of the
right end of the profile, Note: Since
the component of magnetization perpen-

dicular to the plane of the profile has
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Column

25

26-30

Format

1

F5.1

Name

INF

PHI

Description

no effect on the computation, it is
permissible to set FMAG equal to the
intensity of the component of the
magnetization vector in the plane of
the section. In that case RINC should
be set equal to the apparent inciina—
tion in the plane of the section and
STRR should be set equal to 0 or 180,
whichever is appropriate. This method
of specifying the magnetization vector
will be more convenient in some cases.
This variable is zero if the body is

a closed polygon cross section. The
variable is one if the body extends to

infinity. The body may extend to

infinity in only one direction, and the .

lines thaf bound the portion of the
body that extends to infinity must be

parallel.

The dip in degrees of the portion of the

body that extends to infinity. It is
measured clockwise from the positive
X-axis (which is the right end of the
profile). 1If the body is closed the

program ignores PHI,
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Point Cards

On the point cards are listed the-horizontal and vertical
coordinates of the points defining the polygonal body. The points
must be listed in sequence proceeding clockwise around the body.

If the body is closed it does not matter which point is taken first,
but if the body extends to infinity, the list of the points must begin
and-end with points adjacent to the portion of the body which extends
"to infinity, as illustrated in Figure 3.

The horizontal and vertical coordinates are X and D, respectively.
The point X=0 is the point where the program begins computing the pro-
file, but the X values of the points defining the body may be either
positive or negative. Depth, D, is measured positive downward from
the chosen reference elevation. The D values of the points defining
the body may also be either positive (below the reference level) or
negative (above the level). However, all the points of the body must
lie below the lowest level on which a profile is to be computed. §

Column Format Name Description i
1 Il ID A "4" must be punched in this col.
2-4 I3 NBCQ The number of the body to which the

points belong. This number must
correspond to NBC on the preceding
body card.

5-7 I3 NQC The number of the point card. _The set
of point cards for each body card must

be numbered in sequence from one, and

the cards must be in order.

8-17 E10.0 XC The X value for the first point.
18-27 El10.0 DC The D value for the first point.
28-37 E10.0 XC The X value for the second point.
38-47 E10.0 DC The D value for the second point.
48-57 E10.0 XcC The X value for the third point.
58-67 E10.0 DC The D value for the third point.

Additional point cards may be added as needed as long as the total
number of points for all of the bodies does not exceed 999.
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Elevation Cards

The elevation cards specify the elevation at which the theoretical
profile is computed. If profiles at more than one elevation are
desired, there must be an elevation card for each profile. At least
one elevation card must always be supplied (see NEL on parameter card 3),

Column Format Name Description
1 Il ID A "5" must be punched in this col.
2-5 A4 ‘ IDN Alphanumeric identification used to

identify profiles written on the output
file. 1IDN must not be blank and a
different IDN must be used for each
elevation.

8-17 E10.0 E The elevation at which a profile is to
be computed, measured positive upward fro
the reference level. The elevation must
be such that it lies above the highest

point of the bodies.,

Output

The output is generally self explanatory. The input parameters
are printed in table form followed by lists containing the X coordinates
and the vertical, horizontal and total field anomalies at each coordinate
IOP on parameter card 3 allows the user to choose the kind of anomaly
he wants plotted and the COL69 parameter on card 1 determines the type
of printer plot. The output profiles are written out on temporary disk
with ITYPE = 6,000 + IOP * 100.

PLOTZ2D
by
Richard H. Godson

Description

This subroutine will plot profiles on an offline EAI 430 flatbed
plotter. More than one profile can be plotted per call to this sub-
routine as they are plotted one above the other with an inch interval
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until there is no more space available in the Y direction (30 inches).
The program automatically labels the X and Y axis with appropriate
values, depending on the magnitude of the data.

Input

One card is required for each profile,

Column Format
1-4 a4
6-29 24A1
30-37 8Al
38-47 F10.0
48-~57 F10.0
58-67 F10.0

Name

ip

TITLE

VTYPE

YSCALE

XSCALE

XLNGTH

Description

Data set identification.

Any alphanumeric information which will
be plotted below the profile. |
The units of the data, which will be
plotted on the vertical scale., (i.e.
gammas, milligals).

Data values per inch on the vertical
scale. If left blank the height of

the plot is set to 1/3 the width and
YSCALE computed accordingly.

The number of ground inches per plot
inch. If left blank it is set to Z
24,000.

The length of the profile on the ground:
If it is left blank the length is
obtained from disk by the formula (N-1) |
*DELX, where N is the number of points
and DELX is the interval between points
Caution: Unless DELX is explicitly
specified when the data is placed on
disk by subroutine PROF2D, it is set

to 1.0.
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Columns Format Name Description

69-72 A4 TYPE The units of XLNGTH. It is either
FEET, MILE, KILO, METR, or INCH. If
left blank it is set to FEET.
75~-80 A6 SNAME The characters PLOT2D must be punched.
Note: the maximuam length of any profile is 35 inches. On the vertical -
scale, the minimum and maximum values are rounded down and up, respec-

tively, to the nearest 10th, 100th or 1000th values, whichever is
appropriate.

Output ;

The generated plots are written on a 9-track unlabelled magnetic !
tape. Profiles are plotted one above the other with a one-inch 1nterval
between them., Each profile is labelled on the X and Y axis with
appropriate values and the title, horizontal scale and profile identifi-
cation plotted beneath cach one.

The input parameters are printed along with a message saying ‘'End

of plot of profile number n' after every profile, where n equals the
number of the plot.

INPT3D
by
Richard H. Godson

Description

This is an interface subroutine that will either read in gridded
data from cards, tape or disk or retrieve data from a storage file
and place it out on temporary disk for input to other GEOPAC subroutines
An option is provided to store the data on permanent file in GEOPAC
format. Data values are read in one row at a time starting with the
upper left corner of the grid. Object time formatting allows the user
to specify the format of his data when the input is on either cards,
tape or disk. Unformatted data can also be read in from tape or disk
provided that it is in GEOPAC format.

The maximum size of the input data matrix is 110 rows and 210
columns but the maximum size of the matrix that is placed on temporary
disk or on a storage file is 64 rows by 64 columns. A provision is
made on the input parameter card to specify a subset of a matrix, if
desired.
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Ingut

The required parameter card has the following format:

Column Format Name Description
1-4 A4 ID Data set identification.
6-10 I5 INPUT The input data set reference number.

The numbers 9 through 16 should not

be used as the GEOPAC program reserves 
these for other uses. If left blank
it is set to 5 for the card reader.
When retrieval is requested, this
variable is not used.

11-15 I5 NROW The number of rows in the input matrix.
It is not used when data sets are
unformatted or retrieved.

16-20 I5 NCOL The number of the columns in the input
matrix. It is not used when data sets
are unformatted or retrieved.

21-23 I3 IMIN Beginning row number of a subset of

the input data matrix.

24-26 I3 IMAX Ending row number of the subset. i
27-29 I3 JMIN - Beginning column number of the subset.
30-32 I3 JMAX Ending column number of the subset.

The above four variables are left

blank if the entire matrix is desired.,
33-34 I2 1J Row increment of a subset. 1
35-36 I2 JI Column increment of a subset., The

above two variables are set to 1 if

left blank.
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Column

37-68

69

70

71

75-80

Format

8A4

Il

Il

Il

A6

Name

INFMT

IPRT

ISTR

IRETR

SNAME

Description

TheAinput format of the data matrix.
Leave blank for unformatted data sets
or when retrieval is requested.

A number other than zero is punched if
the data values are not to be printed;
otherwise leave blank for printing.

A number other than zero is punched if
the data set is to be stored on a
permanent file (file 14); otherwise
leave blank.

A number other than zero is punched if
the data set is to be retrieved from

a permanent file (file 14); otherwise
leave blank.

The characters INPT3D must be punched.

Output

The values from the input parameter card are printed along with

the data values if they are requested.

The data is placed on temporary

disk, file 11, in GEOPAC format and if the option is taken it is also
placed on storage file 14 in the same format.

If several data sets are to be processed in one job, they should
all be placed on disk with one call to subroutine INPT3D. This is
because the data is written at the beginning of the disk extent with

each subroutine call.

GRED3D

by

Richard H. Godson, Gordon Andreasen and Paul Zabel

Description

This gravity reduction subroutine computes the free-air and two
simple Bouguer anomalies for stations that are located either within
closed loops or on a base to base traverse where the gravity value
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is known at the initial and ending station. An infinite number of
loops or traverses within one data set as well as any number of data
sets may be processed at one time. The only restriction is that the
number of stations per data set may not exceed 500. Input data may
be meter readings or computed gravity values in milligals.

The first Bouguer anomaly is based on a density of 2.67 while the
second uses a density provided by the user on one of the parameter
cards. Linear drift and tide corrections are applied to all stations
when the gravity values are determined from the meter readings. A
Block Data control section now contains tables for converting meter
readings to milligals for three La Coste meters (numbers G50, G62, and
G138) now in use in Saudi Arabia.

Theoretical gravity is based on the formula:

978049,.0* (1.0+.0052884* sin g2 - ,0000059* sin 2 §2); where
g = .000004841368* latitude in seconds.

The free-air anomaly is obtained by the following formula:
Obseryved gravity - theroretical gravity + ((.09411549 - ,000137789 *
sin @2) * ELEV) - .0000000067 * ELEV2; where ELEV is elevation of the
station in feet.

The Bouguer anomaly equation is as follows: Free-air anomaly -
.012774 * density * ELEV.

A polyconic projection to obtain map X and Y coordinates is
computed for each station. These values plus the three anomaly values
of each station are placed on disk for input to the gridding subroutine
GRID3D. Station data may optionally be punched on cards for storage
by subroutine GRET3D.

Input

Data input to this subroutine is by card only. The first card
of a data set is an identification card:

Column Format Name Description

1-20 5A4 JD Data set identification.

25-28 I4 CMD Degrees of the central meridian of the
data set.

29-30 F2.0 CMM Minutes of the central meridian of the

data set. The above two paraméters

are used for the polyconic projection.
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Colunmns Format
32-39 F8.2
40 Il

50 Il
75-80 A6

The beginning of each loop
begin with a parameter card:

Columns Format
34-40 ¥7.3
41-48 F8.2
49-51 F3.2

Name

BVL

OPT

IOoPT

SNAME

Name

BMR

GBV

D2

Description

The gravity base value in milligals
used for this data set (e.g., Jeddah
airport value).

A one in this column will punch the
station daté for subsequént storage.
If the gravity values of the stations
have already been computed and these
are used as input, punch a 1 in this
column. Otherwise the subroutine
will assume that meter readings will
be the input.

The characters GRED3D must be punched
in these columns.

or station to station traverse must

Description

Meter reading of the initial station
of the loop or station traverse.

Not necessary if observed gravity
values are read in.

The observed gravity in milligals

of the initial station.

Density value for the second Bouguer
anomaly computed; if biank, it is

set to 2.50.
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Columns Format
52-57 F6.5
58-61 a4

The station cards have the

Columns Format
1-16 4a4
17-18 I2
19-20 I2
21-24 I4
25-26 I2
27-28 I2
29-35 F7.3
36~38 I3
35-42 F4.2
43-46 I4
47-50 F4.,2
52-59 F8.3
60 Al
61-68 Fg8.2

Name

THF

MN

Name

IsT
IDA
IM
1Y
IT
I™

MROG

LATD
LATM
LONGD
LONGM
ELEV
ELEVA

CoG

Description

La Coste meter multiplication factor;
if blank, it is set to 1.0.

The meter number. It is either

G50, G62 or G138 and it must start

in column 58.

following format:

Description

Station identification.

Day.

Month,

Year.

Time in hours, corrected to Greenwich.
Time in minutes,

Meter reading. The number on the
first station must match the number
on the parameter card.

Degrces of latitude.

Minutes of latitude.

Degrees of longitude.

Minutes of longitude.

Elevation in meters,

Elevation accuracy code. Not used

at present time.

Observed gravity value in milligals.
Used if IOPT=1 on the first identifi-

cation card; otherwise leave blank.
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Columns Format Name Description

70-78 F8.2 GBV2 Used only in base to base traverses.
In those cases, the last station
card (base) has the observed gravity
value in milligals in these columns.

79 Il IK Leave blank unless it is the last
station card of a data set, in which
case a '9' muét be punched in this
column,

80 Il 1J The last station card of a closed
loop must have a '9' in this column
and the ending base station card
of a base to base traverse must have
a '8' in this column.

Note: 1If IOPT=1 on the first identification card (observed gravity

values are read from the station cards), then the time, date and

meter readings are omitted from the station cards. Also, the minus
sign for longitud= is not punched.

Outgut

Input data obtained from each station card, X-Y coordinates,
the tide correction, the observed gravity, the free-air and the two
simple Bouguer anomalies are printed in tabular form.

A station location printer plot is provided for each data set,
along with a set of anomaly statistics that contain the maximum and
minimum values of the X and Y coordinates, the three anomalies and
the latitude and longitude.

The X and Y coordinates and the three anomaly values of each
station are automatically put on disk for input to the gridding
subroutine GRID3D.

If the option is taken the station data is punched on cards in

the proper format for storage by subroutine GRET3D. This format is
described under INPUT in the forementioned subroutine.
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GRET3D
by
Richard H. Godson

Description

This subroutine can either store or retrieve gravity data. Data
is stored on file 12 by data sets from punched card output of sub-
routine GRED3D. A maximum of 1000 stations per data set can be
stored. Retrieval from this file can be obtained by data set iden-
tification or by latitude and longitude parameters. . For retrieval
by data set identification the file is searched until a match is
made between the name on the input parameter card and the name on
the storage file. When retrieval is by latitude and longitude, a
parameter card containing the east and west longitude and the north
and south latitude of the area requested is supplied. In this case,
the entire file is read and those stations falling within the
specified area are retrieved.

Only storage or only retrieval can be accomplished with one

call to this subroutine. If both are required in the same job, then
separate calls to the subroutine must be made.

InEut

For storage of data the following cards are necessary:

Card 1
Columns Format Name Description
50 Il ISTR Punch a non zero number in this column.
75-80 A6 SNAME The characters GRET3D must be punched

in these columns.

Card 2
Columns Format Name Description
1-20 S5A4 iDp Data set identification.
21-30 Il0 N The number of stations in the data

set to be stored. It can not

exceed 1000,

Station cards. Each station consists of two cards:
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Columns Format
1-16 4a4
17-18 I2
19-20 I2
21-24 I4
25-26 I2
27-238 I2
29~31 I3
32-36 F5.2
37-40 I4
41-45 F5.2
46~-54 F9.3
55 Al
56-59 A4
60-68 F9.2
77-80 a4
Columns Format
1-8 F8.,2

Station card 1

Name

IsT
IDA
IM

i $ 4

IT
I™
LATD
LATM
LONGD
LONGM
ELEV
ELEVA

MN

GBV

JST

Description

Station idenﬁification.

Day.

Month.

Year.,

Time in hours,.corrected to Greenwich.
Time in minutes.

Degrees of latitude.

Minutes of latitude.

Degrees of longitude.

Minutes of longitude.

Elevation in meters.

ﬁlevation accuracy code. Not used
at the present time.

Meter number.

The gravity base value in milligals
used for this data set (e.g., 3eddah
airport value). It would be the
same value on all station cards of

a data set. .

The first fouf chafacters of the

station identification (columns 1-4).

Station card 2

Name

SBA

Description

Simple Bouguer anomaly in milligals

calculated with a density of 2.67.
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Columns Format Name
9-17 F9.2 CoG
18-25 F8.3 TC

26-33 F8.2 CBA
77-80 A4 KST

Description

Computed observed gravity in milligals.
Terrain correction in milligals.
Complete Bouguer anomaly in milligals
calculated with a density of 2,67.

The first four characters of the
station identification. It must

match the characters punched in the

same columns of station card one.

Note: The terrain correction and complete Bouguer anomaly values
are zero at the present time due to the lack of good elevation con-

trol.

For retrieval of data one card is required. It can be in one
of two formats. The format for retrieval by data set identification

is as follows:

Columns Format
1-20 524
40 Il

75-80 . Ab

Name

ID

op

SNAME

Description

Data set identification.

Punch a 'l' in this column if puncned
card output is desired; otherwise
leave blank.

The characters GRET3D must be punched

in these columns.

The format for retrieval by latitude and longitude is:

Columns Format
1-2 12

3-7 F5.0
8-9 I2
10-14 F5.0

Name

NLATD
NLATM
SLATD

SLATM

Description

Degrees of north latitude.
Minutes of north latitude.
Degrees of south latitude.

Minutes of south latitude.
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Columns Format Name Description

21-23 I3 WLONGD Degrees of west longitude,
24-28 F5.0 WLONGM Hinutes of west longitude,
29-31 I3 ELONGD Degrses of cast longitude.
32-36 F5.0 ELONGH Minutes of east longitude.
40 Il oP Punch a 'l' in this column if punched

card output is desired; otherwise
leave blank.

75-80 A6 SNAME The characters GRET3D must be punched
in these columns.

Note: The minus sign for longitude is not punched.

Output

Station data is always printed in tabular form whether the data
is being stored or retrieved. 1In addition, a station location
printer plot is always provided.

The program automatically computes the central meridian from
the longitude limits of the data and converts geodetic positions to
X and Y coordinates. The X and Y coordinates and the simple and
complete Bouguer anomaly values are always placed on disk for input
to the gridding subroutine GRID3D. When retrieval is by latitude
and longitude, retrieval may transcend several data sets, so it is
necessary to place a unique identification on disk in case the data
is to be used by subroutine GRID3D. The characters RETR followed
by 16 blanks is the data set identification in this case.

When data is being retrieved, an option is provided to punch
out the data on cards,
GRID3D
by
Paul Zabel

Description

This subroutine is used to calculate values on grid intersection
points over an area where random values are located. Input can come
from the output of subroutines GRED3D and GRET3D or it can be on
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cards, tape or disk: The selected grid dimensions (see parameter
card input) are defined as: XMIN, XMAX, YMIN, YMAX, M (no. rows),
N (no. columns). The conditions on these parameters are simply:

XMIN<XMAX; YMIN<YMAX; i<M<64; i<N§ﬁ4.

The spacing between grid points is computed from:

DELX = XMAX - XMIN
N -1

¥MAX - YMIN

DELY =
M-1

The grid generation process is a multi-pass method utilizing
a general weighted average approach. The algorithm is briefly
described as follows:

Step 1. Initialize array storage

Wij = 0 and
Wzij = 0 for

i=1’ 2’...,!‘1"'2 : j=l' 2’.0.’N+2.

Step 2. Form weight functions and weighted sums
for each random data point xk, Yk’ Zk
(k=1,...,P), provided Ko Yy satisfy
the relations
XMIN-DELXEXk<XMAX+DELX

YMIN-DELY£¥k<YMAX+DELY

(If either of these relations are not satisfied, the point is
ignored and the next point (k=k+l) is tested.)

The weight functions for the neighbouring grid points (p=l1,2,3,4)
to X, ,Y. are wp=l/dp2' where dp is the distance from (Xk,Yk) to the

k'"k
p-th grid point. If dp=0, then the program sets Wp=—l to "flag" a
point exactly on a grid intersection (i.e., the weighted average is
bypassed and the given Zk value is used whenever dp=0.)
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For any Wb # -1 the corresponding p~-th sums are accumulated as:

P Weight sum Weight product sum

1 Wiy = Wi + Wy WZj4 = Woiy + Wy x 2y

2 Wij+l = Wije1l + W2 WZij+l = W2ij41 + Wo x 2

3 Witly = Wis1j + W3 WZiv1j = Woisyj + W3 X Zg

4 Wislj+l = Wisrlge1l + Wy WZi41j+41 = Woi414+41 + Wg x 2

The grid indices (i,j) are the upper left corner of the grid
box containing the point (XkYka) as illustrated:

(1) (2)

i+1j i+1+l

(3) (4)

Figure 4. Indices of a grid box
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Step 3. Cocmpute weighted averages for all
points with:

W:s >0 (i=1,...,M+2; j=1,...,N+2):

1]
= W24 -
WZij = 1] (stored in WZij)
wij
If W;. = 0 then the grid point is termed "missing" and is

flagged wigh WZij = 1019,

Step 4. The entire matrix wzij (i=2,3,...,M+1; j=2,3,...N+1)

is scanned for any missing points. If none are
missing, then the grid generation process is com~
pleted. 1If any missing points are found, then
Step 5 is performed.

Step 5. At each missing point (WZij = 10'°) a "k~th local

grid model" is positioned with its center on the
missing point (see illustration below). We set
k=1 for the first pass through this step, and k

is incremented by 1 for each successive pass

(step 4 is repeated after step 5). The local

grid model uses all possible values immediately
surrounding the missing point and within the grid
model and boundary of the matrix wzij. A weighted

average is found within the grid similar to tnat
outlined in steps 2-3.

The "k-th local grid model" is illustrated as:

i-k 3 J+k
i-k
Any missing
T
point
i+k

Figure 5. "K~th local grid model®

. Step 4 is now repeated until all missing points are found
via step 5.
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Ingut

One parameter card is required regardless of the source of the
input. If input is not from subroutine GRED3D or GRET3D, then one
additional parameter card must be supplied.

Columns Format Name Description

1-20 524 ID Data set identification. This aust
correspond to the ID from subroutine
GRED3D or GRET3D if the input is
from either of these routines. See
subroutine GRET3D for special case
of retrieval by latitude and longitude.
If input is from another source, any
characters can be used. The first
four characters will become the ID
of this data set for input to the
other subroutines in GEOPAC,.

21-25 I5 121 This will either be a 1, 2, or 3 if
input comes from GRED3D or a 1 or 2
if input comes from GRET3D. Other-
wise it can be left blank. A 'l'
will grid the simple Bouguer anomaly
values calculated with a density of
2.67. A '2' will grid the simple
Bouguer anomaly values calculated
with a density of 2.50 if the input
is from GRED3D., A '2' will grid the
complete Bouguer anomaly if the input
is from GRET3D., 2 '3' will grid the
free-air anomaly calculated in GRED3D.
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Columns Format Name Descrigtion

26-~30 15 M The number of rows for the generated
grid. It cannot be more than 64.

31-35 I5 N The number of columns for the gener-
ated grid<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>