
Section +X10000 July
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APPENDIX III

Programme descriptions. Listings are provided for the programmes 

used in the analysis of the seismic records. All are written in 

Fortran and plotting is achieved with Calcomp subroutines.

pros L0C4 (author S.M. Spottiswoode, modified by F.W. ARNOTT)

The hypocentre of a seijmic event is determined by minimizing the 

square of the distance rebiduals found from P and/or S arrival 

times, for a 2 layer crustal model. Subroutine TRAVEL provides 

the theoretical travel times, the new hyp ocentre and then 

calculates the distance derivatives of the residuals. Note for 

stations directly above ac. estimated hypocentre the solution is 

unstable. Subroutine LEQ1P (source I.M .S.L.) solves the linear 

equation^ formed by the Seidels approximation for the distance 

residuals.

prog LOCI (author F.W. Arnott)

Determines a hypocentre using the PS interval, the polarites and 

amplitude ratios of the first arrival. The angle of incidence at 

the free surface is interpolated from the Gutenberg relationship 

for amplitude ratio (AMP) and incidence angle (ANG). Assumes a 

two layer model. Subroutine COORD evaluates the cartesian 

coordinates from the polar coordinates of a single point. 

Subroutine INTRPL (source collected Algorithms from CACM) 

interpolates the angle of incidence for a given firrt arrival 

amplitude ratio, using values from the Gutenberg relationship.

prog MAG (author F.W. Arnott)

Input and driver programme for the following subroutines. 

Subroutine MAG determines the magnitude of an event from its 

maximum peak amplitude and period as recorded by an EV17 3eries 

seismometer. The equipment response is corrected for by the 

measured CIO value. Subroutine MSTAT finds the s t 't ls t ic a l  

differences between the magnitude estimates at diff erent 

stations for a single event. Subroutine TABLE tabulates the 

values determined by 'MSTAT'

prog TRANF (authors S.M. Spottiswoode, and R.W. Green modified 

by F.W. Arnott)

Transfers the useful data blocks and files from an unlabelled raw 

data tape to a standard label archive tape. The renumbering of 

blocks and files is indicated in the printout. Subroutine MAINS 

is principlly designed to remove any 50 Hz noise. The filtering 

sub. is optional. If evoked it selects a common frequency from 

the first block of a data file and then removes this frequency 

component from the remaining blocks of data by a cros. 

correlation technique. Subrout ine CROSS performs the cross 

correlation filtering.

1
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prog SPLOT (authors S. Spottiswoode R. Green, modified by F.W. 

Arnott)

Files of the archived type are each read and the blocks 

containing the seismic events, are then plotted and/or lictc^. 

Subroutine GRAPH plots the seismic trace perpendicular to the 

plotter x axis and scales the plot so that the maximum peak is 

not greater than 2.5 cms. Subroutine READT reads the archive 

tape one file or event at a time for processing. When completd 

the next call to this subroutine will read the next file.

pros SPEC (author S. Spottiswoode modified by F.W. Arnott)

A selected time window of an event, presently set to 0.4 seconds, 

is deconvolved in the frequency domain by the pre determined 

system response. End effects are removed by applying a cosine 

bell function to the ends of Lhe rectangular time wind ow. The 

accumulative energy, velocity, displacement and log displacement 

spectra are then determined, listed and plotted. An optional 

facility is the applicaion of a digital filter, this was not used 

in the present programme. Subroutine RRITE lists and plots the 

various output data sets. Subroutine ORSN shifts the origin of 

the plotter to a new position either above or alongside the 

previous plot. Subroutine PSPEC Scales and plots a log-log plot 

of displacement spectra and frequency. Subroutine RHAR1 is not 

listed . It is the one dimentional adaptation of the three 

dimensional Fast Fourier Transform 'HARM' (I.B.M. software 

package) storec as HWBRHAR1 on the disc ACM.HXN006. Any standard 

ID complex FFT can be used.

Calconp subroutings used are PLOT, PLOTS, SYMBOL, >IUMBER, LGAXS, 

LINE, SCALE and AXIS.

The following group of programmes were used to digitize and plot 

the maps and sections occuring in this project. They were 

designed for general use and were written by the author in 

Fortran IV using Calcomp software. Listings have not been 

provided, however fully documeted versions have been stored on 

the archive tape ARFWEL.

file DIGITIZE

An interactive programme designed to d ig itize  both maps and 

geological sections at any scale. The digitized data al~mg with 

format control was stored in a Wits System file (disc file; in 

the IBM 370. The digitizer was a Summagraphics intorlaced with 

the IBM via a Hewlit Packard graphics terminal. The file, once 

created, could then be accessed and be used as input in the 

following programme.

2
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file PLODIG

This programme plots the dig itized  data with vari ous format 

options which are specified during d ig itization  (e.g. axis, 

boundary, axis annotation, headings, map text, varied scales, 

solid, smoothed, dashed lines and symbols).

The following files  have been generated by the d ig itizer  

programme from maps of varying scales and these form the input 

data sets for the plotter programme.

GSEC6 BPISTN

GSEC8 WELKOM

GSEC10 SURDAM

PNDYKE MINACT

PNFALT MINBOU

file SPPLAN

Plots the located seismic events in plan at any scale. To 

minimize error due to paper displacement the events are plotted 

in sequential strips. Various options exist for boundary type 

width of plotting strips and rotation of plot. The input data 

is obtained from the file WELEVEN.

file SPSECT

Plots the located seismic events (file WLEVELN) onto sections. 

All events in the region between two section lines are projected 

onto the nearest section line. The sections can be at any 

position and can be either parallel to the X or Y axis.

3
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L 0 C 4 - 4  s u b  LEQT1P

c
c
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c-

S U 0 R O U T IN £  LEOTI P

- LE QT1P--------S / 0----

FUNCTION

USAGE
PARAMETERS a

N
B

I B

IOGT 

01 .H 2 

IEP

PRECI SI ON
PEOf f .  IMSL ° OUTI NFS 
LANGUAGE

< A . m , n , 8 . I 9 . I O G T . 0 1 . 0 2 . l £R> L E I  POO 10
L E 1 P 0 0 2 0

L I BRARY 1----------------------------------------------------------------------------------------- LE 1 P 0 0 3 0
LEI POO^ O

-  L I NEAR EQUATION SOLUTI ON -  SYMMETRIC STORAGE LE1P0Q50
MOOE -  SPACE ECONOMIZER SOLUTION L F 1 P C 0 6 0

-  CALL L E 0 T 1 P ( A . M . N » * . I b , I O G T . 01 . 0 2 * I E P )  L E1PQ0 70
-  INPUT VECTOR OF LENGTH N ( N * l ) / 2  CONTAI NI NG THELEl POOdO

N BY N C OEF F I C I ENT  m 4 T R I x  OF THE EQUATION L E 1 P 0 0 9 0
AX = R.  a  I S A P O S I T I V E  D E F I N I T E  S?mm£TRI C L E 1 P 0 1 0 0
MATRIX STORED I N SYMMETRIC STORAGE MODE. LE1P 01 1 Q

ON OUTPUT.  A I S REPLACED BY THE LO*ER L E 1 P 0 1 2 0  
TRIANGULAR MATRIX L «h £RE A = L * L - T R A N S P O S e' . L E  IPO 130
L I S  STORED I N SYMMETRIC STORAGE MOCE w I T h l £ 1 P 0 1 * 0
THE DIAGONAL ELEMENTS OF l  I N RECIPROCAL L E I P 0 1 5 0
FORM. L E 1 P 0 1 6 0

-  NUmPEP OF RIGHT HAND SI OES (COLUMNS IN 8)  L E 1 P 0 1 7 0
( I N P U T )  L F I P O  180

-  OPQEW OF A AND NUM«ER OF ROWS IN P ( I N P U T )  L^ . 1P0190
-  INPUT MATOIX OF DI MENSI ON n  BY m CONTAI NI NG L E 1 P 0 2 0 0

THE R I G H T - H a m D SI DES OF THE EQUATION L E 1 P 0 2 1 0
AX = 8 .  L E 1 P 0 2 2 0

ON OUTPUT,  THE N BY M SOLUTION MATRIX X L E 1 P 0 2 3 0
REPLACES 3 .  L E I P 0 2 4 0

-  ROw DI MENSI ON OF y AS S P E C I F I E D  I n The  m a I N  L E 1 P 0 2 5 0
PROGRAM ( I N P U T )  L E 1 P 0 2 6 0

-  The  E L E ^ N T S  of  a a r e  ASSUMED to e£ CORRECT L E 1 P 0 2 7 0
TO IOGT DEC I Ma l  0 I u I T S ( CUR3 ENTLY NOT USEO) L E 1 P 0 2 8 0

-  COMPONENTS OF The  DETERMINANT OF A.  L E1 R 0 2 9 0
OETERMI n a n T < A) = 01 « 2 . * « r > 2 .  (OUTPUT)  L E 1 P 0 3 0 0

- e p r o r  p a r a m e t e r .  l e i p o 31 o

TERMINAL e p r o r  a 128♦M. L E 1 P 0 3 2 0
N = 1 I NDI CATES t h a t  THF i n p u t  m a T R I a L E 1 P 0 3 3 0

A I S  ALGORI THMI CALLY n o t  P O S I T I V E  LE1P03<»0
D E F I N I T E .  (SEE Th £ CHAPTER L ° RELOOE).. L E1P03 S0

-  S I NGLE/ DOUBLE L E1 R 0 3 6 0
- LUDECP t LUELMP. n ERTST  L E 1 P 0 3 7 0
- FORTRAN--------------------------------------------------------------------------------------------- L E 1 P 0 3 6 0  
 L E 1 P 0 3 9 0

CALL LEQTLP (A,M,H,B,I3,H3GT,D1,E2,IER)

Purpose

To solve a sec of line ar equations AX-3 f or X ,  givan the !I by 21 matrix A and the tl by M matrix

B, where A la assumed t o be a symmetric positive d efin ite  matrix.

Algorithm

T
First A is decomposed into LL usinj* the Chole-.ky algorithm (IMSL routine LUDECP) , then AX-3 

is solved for X u3 ing LMSL routine LliEUlP. Th«? solution X is an 'A by M matrix in fu ll  storage 

mode. X overwr ites 3. The decomposed Matrix L 1u ii symmetric storagt node and replaces A .
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