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1983/43. A theoretical basis for gravity residual specification
(Revision 1).

R.G. Richardson

Abstract

The aperture of the box-car filter required to produce a
gravity residual corresponding to material within a specified depth
range may be determined by comparing the theoretical gravity spectrum
with the filter response.

INTRODUCTION

The interpretation of a gravity anomaly map normally requires the
enhancement of particular features using a filtering process. The filter-
ing may take the form of spectral truncation, running means, or visual
smoothing of profiles. These techniques are frequently subjective, with
the result that two interpreters rarely produce the same enhanced map.

It may be shown (Grant, 1974) that the phase angle of the spectrum
of the gravity ancmaly from one body depends only on the horizontal loca-
tion of the body. The shape of the spectrum is determined by the body
depth only. The spectrum of the anomaly from a body of finite dimensions
declines more rapidly with increasing fregquency than the spectrum from a
polnt masgs at the same depth of burial. Thus by calculating the spectrum
of the anomaly from a point mass at a given depth, the maximum high
frequency spectral content from any body at the same depth is defined.

APPLICATION

The normalised amplitude spectrum of the anomaly of a point mass at
a depth z is

A = e—TTZS

where s 1s cycles per unit distance (Grant, 1974).

The high frequency cut-off is then defined as the peint on the
spectral curve at which the normalised amplitude is 0.707 {fig. 1). The
high frequency cut-off at any desired body depth may be determined from a
plot of this type.

The normalised amplitude response of a box-car low-pass filter is

A = gin (Dms)
Drns

where D is the aperture
s 1s cycles per unit distance (Leaman and Richardson,
1981} .

The high-frequency cut-off (fig. 2) is defined in the same way as
the spectral cut-off. A plot for any desired aperture allows the cut-
off to be measured,

It should be noted that by taking observations with finite spacing,

the data is filtered with an aperture of the size of the nominal station
spacing.
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To select a filter aperture, plot the anomaly spectrum for a point
mass at the maximum depth of interest and measure the cut-off frequency.
Within the constraints imposed by the observation spacing, plot a series

of filter responses and select the one with a cut-off closest to the
desired cut-off. The plots may be made using FORTRAN program GRVRES

(Appendix 1).
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Program GRVYRES

%

APPENDIX 1

The program issues prompts on logical unit 3 and reads the plot
parameters from logical unit 5.

Input is:

FI, AN or BO -

CYCMAX -

format A2
choose a plot of filter responses, a plot of
ancmaly spectra, or both

free format
the maximum number of cycles per kilometre to
which the plots are to extend.

If filter responses are to be plotted:

AFPILT -

1f spectra are to be

AFREQ -

free format one per line
up to 14 aperture sizes (in kilometres)
terminated by a negative number

plotted:
free format one per line

up to 14 source depths (in kilometres)
terminated by a negative number

Details of the plotting subroutines may be found in Richardscn

{1983) .
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FTLVL GRYWRES - PLOT MOMING AVERAGE FILTER RESPOMSE OR AMOMALY SPECTRUM

[

[y

9]

LI VI ]

%

APPENDIX 2

DIMENSION X{18@u), Y(1&a00), AFILT LS, AFREQV LS
INTEGER=*Z FI.AH. BQ, IGFT, BUFF<{(33>
LOGICAL FILT, DPTH: IER, IPN
DATA FIAZHFI/, ANAEZHANA, BOACHEDS
OPENCUNIT=3, FILE="CON: 7>
OPENCUNIT=S, FILE="CCN: 7>
(OFEN THE COMSOLE FOR INPUT AMD CUTPUT
YHMAX=H,
18 WRITECS, 163>
186 FORMATCCY (FI>LTER RESFOMSE, (RN OMALY SFECTRUM QR (BOITHT )
READCS. 161> IORT
1@ FORMATCRE?
IF {XIOFPT . NE. FI .AND. IOFPT .HNE. AN . AND. IOPT . NE. BO> GOTO 1w
HEED YALLID CGRPTION
FILT=I0PT .EQ FI .O0OR, IOPT .EQ. RO
DFTH=TIOPT .EQ AN .0OR. IOPT .EQ. BO
CARLL INITFALC9, 200, 36. @, 9, &)
IMITIALLISE PLOTTER
CALL FACTORCE 3937
PLOT IN CENTIMETRES
CALL PLOT(-5..,-5..,8)
SET ORIGIN
WRITELS3, 1825
162 FORMAT (" MAXIMUM MO, (F CYCLES/ZKM?7 >
READCS, «> CYCMAX
HR=IFIR(CYCHMAX«108. 8+1. 2
NO DF STEPS IN CURVE
IF <. HOT. FILT> GOTO 42
DOMT WANT FILTER
IFILT=89
WRITECS3, 1637
183 FORMAT(” ENTER AFERTURE SIZES IN KM - TERMINRTE BY NEGATIYE-
DG 14 I=4.,45
READCS. > AMUM
IF <ARUM LT @ > G070 12
EWD OF INPUT
IFILT=IFTIL.T+41
AFILTCIFILY >=RANUM
44 CONTINUE
READ MOYIMNG AYERAGE SIZES

HOW FOR YARIATTION OF AMOMALY SPECTRUM WITH DEFTH
iz IF €. NOT. DFTH> GOTO 45

C DORT LWANT FREQUENCY - DEFTH RELMTICON

IFREGQ=H
WRITELS, 1645
164 FORMATCY EHTER DEPTH IN KM — TERMIMNATE RBY HEGRATIVE"?
DG 14 I=4,141S
READ (S, *> AMNUM
IF (ANUM . LT. 8. > GOTO 45
END OF INFUT
IFREG=IFREGQ+1
AFREQCIFREG ) =RNUM
1d CONTINUE
RERD DEPTHS OF THE POINT SOURLCE
19 COHTINUE
IF  NOT. FILT» GOTO 1%
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POHT WANT FILTER RESPONSE
CALL PLOT . , YMAX, -3
SET ORIGIN
YMAK=2S.
SAYE MAX VALUE IN Y DIRECTION FOR LATER
ENCODECBUFF, cB8)
2363 FORMATC“MOYING AYERAGE” >
CALL SYMBOLC2. ., —4. .. 28. BUFF, @. ., 14)
LABEL FILTER GRAPH
HOW FORM RXES
CHLL FAXIS(CYCMAX, -8, &3, 25. )
DO 47 J=4, IFILT
X<1o=8.
Y(ioi=1,
SET THE FIRST “'ALUES
DO 416 I=Z, NX
ATMP=FLOAT(I-1>*8, @1

R{TO=RTHMP
IF CAFILTCI» . GT. 8 > GOTO 48
V{ly=1 @
IF MO FILTER HRVE ALL PASS
GOTO 1e

18 CONTIHUE.
YCID=SINCAFILT(JI)*3. 141532+« XTMP> /(AFILT (I +3 141592« KTMF )
16 CONTINUE
CALL LDRAMCH, ¥, HX. CYCMAMN*16. , 25, 8, YHMAK, -8, 25, AFILT(I), J)
17 CONTINUE
NOW FOR THE --3 DB POINT WHICH IS THE CUT-OFF OF THE FILTER
YVYAL=0. 707*208. B+5. ©
CHLL CUTOFFC(YVYAL. NX)
1% CONTINUE
NOW FOR THE SFECTRUM OF A POINT SOURCE WITH IMCREASING
BURIRAL
IF . NOT. DPTH)> GOTC 22
OMl.Y WANTED FILTER
CALL PLOT<O. , YMAX+S, @, =35
SET ORIGIN RGATN
YMAK=cQ.
UFPER LIMIT OF V¥
ENCOGDE(BUFTF, 281)
2@l FORMART (- AHOMALY SPECTRUM D
CARLL SYMBOLC2..,-2. .. 28, BUFF, @, ,1&>
LABEL FLOT
CALL PHXIG(CYCMARX. &. . 28. >
DO 21 J=1, IFREQ
K{d =0,
W{lo=1,
GET THE FIRST “ALUES
DO 2B I=C2, H¥
KTMP=FLOAT<I-10%@. @i
KT O=XTHF
WiTO=EXP( -3, 144592«AFREQ (IR XTHMP
263 CONTINUE
CALL LDRAWCK, ¥, NX, CYCMAX#10. , €8. . YMAX, 8. , AFRERCT X, JD
2l CONTINUE
YVAL=B. 7a7x268. @
CALL CUTOFF (YVAL., HXD
@i CONTINUE
CALL R3TR<23
STGP

43-7

- /q



L3

16

1GG

END 5/61

SUBROUTINE LIHE(K, ¥, N, KODE, ISPARCE >
INTEGER+4 KODE., ISFACE. N, I.J
DIMENSTION XCMN>. Y(N>

CALL FENUF

I=K0ODE

IF <KODE . LT. @) I=-T

DO 18 J=1.H

CALL PLOTCRCTN YT, 10

IF (MODCT-4, ISPACE> . HE. @8> GOTO 14
CALL FRCTORCL. >

IF (KODE . HE. &2 CALL MRRKERCIZ
CALL FACTORCA, 3937>

IF {KODE . GE. 8> CRLL FEMNDHN
CONTIMNUE

CALL FENUF

RETURN

ERD

SUBROUTINE CUTOFF (WAL, H¥)

LOGICHAL IFN

IFN=, TRUE.

CALL PLOTCE. . VAL, 32

CALL PENDN

DO 46 XI=6,NX.5
KTMP=FLORT<{I-1)>+06. 91

CALL PLOT(XTMP=#18, , VAL, 1>

IPN=. NOT. IPHN

IF <. MHOT. LPN> CALL PEHUP

IF (IPM> CHALL PENDN

CONTINUE

RETURHN

END

SUBROUTINE PAXISCHEMAX, YMIN, YLNTH)
DIMENSION {2y, Y(&>

INTEGER=»Z BUFF(33>

Kldlr=43,

Yiio=1,

RC2Hr=¥MAKX

Yi2r=YMIN

CHLL SCRLEC(X, 2, XMAX«1éG, , FMIN, DELTAY
ENCODE (BUFF, 186>
FORMAT("CYCLES/KM” >

CRLL RAXISCA. . 6., BUFF, -9, ¥MAX410, . 3. , FMIN, DELTA. 1)

DRAN ARND SCHLE X AXIS :

Lig:L

CALL. SCHLE{Y. 2, YLNTH, FMIN, DELTA>

ENCUDECBUFF, 181>

FORMAT <" H/HPLITUDE >

CARLL HRKISCE. . 8., BUFF. 9, ¥LNTH, 8. , FMIM, DELTA. &3
RETURM -

END

SUBROUTINL LDRAWCR Yo WK, XMAK, YLNTH, YMAK, YUIN, YAL, I
DIMENSTON X(2>,Y<(2>, BUFF(33»

RKURNX+Lo=KrAR*a, 1

YC(NR+10>=YMIN

FORCE THE RANGE FOR SCALING

206103

CALL SCHLE (K, NX+1, XMAX. FMIN, DELTA>
CALL SCALECY, NX+1, YLKTH, FMIN, DELTA?
CAHLL LINECK, Y, NX, J. 1@

ENCODE (BUFF., 286> VAL

FORMATCFS. 2, 7 KM&’>
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CALL FLOTC(XRMAX+L. , YMAXK-FLOARTC(J+25. 3

CALL FRACTORC4. )

CALL MARKERC(J>

CALL FACTORC®. 3937

CALL PWRITE(KMAX+2. 8, YMAX-FLOATCJ>-2. 14, @, 25, 9. , BUFF>
RETURN

END
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