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1982/31. A theoretical basis for gravity residual specification.

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 theorxetical gravity spectrum with the
filter response.

INTRODUCTION

The interpretation of a gravity anomaly map noymally 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 anomaly 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 ancmaly from a body of finite dimensions declines
more rapidly with increasing frequency than the spectrum from a point mass
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

-nzs
A=ce

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

The high frequency cut-off is then defined as the point 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 = sin (Dns)
Dts

where D is the aperture
s is 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.

To select a filter aperture, plot the anomaly spectrum for a point
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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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Figure 2. Moving average.
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APPENDIX 1
Program GRVRES

The program issues prompts on logical unit 3 and reads the plot para-
meters from logical unit 5.

Input is:

FI, AN or BO - format A2
- choose a plot of filter responses, a plot of
anomaly spectra, or both

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

If filter responses are to be plotted:

AFILT - free format one per line
- up to 14 aperture sizes {in kilometres) termin-
ated by a negative number

If spectra are to be plotted:

AFREQ - free format one per line
- up to 14 source depths (in kilometres) termin-
ated by a negative number

Non-standard subroutines are:

FRINIT (ANUM, IER, ILUN) - read one real number in free format
from logical unit ILUN and store it in ANUM,
If there is an error IER is TRUE

INITAL {(ILUN, NSTEP, IW, I, I, I} - initiallises the plotter
as logical unit ILUN with NSTEP steps per inch
and a width of IW inches.

PLOT (X, Y, I} - X and Y are the co-ordinates to which the
pen is to be moved (in inches) or the co-ordinate

value of the present position, depending on I.

I

It

0 no pen movement. The present pen position

is redefined as (X, Y}

I = 1 the pen moves to (X, ¥} in its present
condition

I = 2 the pen drops and moves to (X, Y)

3 the pen lifts and moves to {X, Y)

I =-1, -2, -3. As for the positive values but

after (¥, ¥) is reached that point is re-

defined as (0., 0.)

H
Il

SYMBOL (X, Y, HT, IHOL, THETA, N) - writes an alphanumeric
string of N characters in IHOL starting at (X, Y}.
The character height is HT and they are drawn at
an angle THETA counter-clockwise from the x-axis.
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PWRITE (X, Y, HT, THETA) - copies the contents of the core
buffer until an & is encountered then calls
SYMBOL.

PENUP, PENDN - raise, lower the pen.
RSTR(2) - end the current plot.

MARKER{I)} - draw a special symbol centred on the current pen
positions. I has a value in the range 1 to 14.

FACTOR(FAC) - scale all following plotting commands by FAC.

SCALE (X, N, S, AMIN, DELTA) - AMIN and DELTA are determined
such that the first N wvalues of X can be plotted
within a scale length S. The values of X are
scaled to fit the plot.

- AMIN is the minimum value on the axis.
- DELTA is the increment per inch on the axis.

AXIS (X, Y, LBL, NC, S, THETA, AMIN, DELTA, NN) - draw and labkel
an axis for a graph.

- X, Y - the co-ordinates in inches of the
starting point of the axis.

- LBL - the identification label for the axis.

- NC - the number of characters in LBL.

- if NC is positive, all labelling is on
the counter-clockwise side of the axis.

- if NC is negative, all labelling is on
the clockwise side of the axis.

- S - the length of the axis.

- THETA - the angle, in degrees, measured
counter-clockwise from the x—-axis at
which the axis is to be drawn.

_ ﬁgﬁA; calculated in SCALE

- NN - the number of digits to be drawn after
the decimal point.
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GRYRES
GRVYRES - PLOT MOVING RYERAGE FILTER RESFONSE OR RNOMALY SPECTREUNM
DIMENSTION HC1ead), YOioun ., AFILT1S , AFRERCLE)
INTEGER=*2 FI. AN, BO. TOPT
IMPLICIT IMTEGER#Z (I-M:
LOGICHRL FILT. DFTH. TER. IFH
CATA FILAZHFL/, ANS/SHANA BOSEHED
YA =13
HRITEC3, 183>
FORMATC Y (FIXLTER RESPONSE, (ANYOMALY SPECTRUM OR (BOXTHT? >
REARCS. 181> IOFT
FORMATCAZ
IF CIOGPT HNE. FI . AND. I0OPT . HE. AM . AWND. IO0FPT . NHE. BOX GOTO 19

MEED VALID OFTION

FILT=IOFT .E&. FI .0OR. ICPT .EQ EO
DPTH=IOFT . E&@ AN . DR. IOFT . EGQ BOQ
CHLL INITRL(Z, 289, 36. 9. 3, B2

INITIALLISE PLOTTER

CRLL FALCTORCS, 393¢>

FLOT IN CENTIMETRES

SET

iaz2

CALL PLOTC-2. . -5 a2

ORIGIN

WRITECS, 1825

FORMAT . " MAXIMUM MO, OF CYCLESAKM?- >
CALL FRIKRITCANUM, IER, 2

CHYCHMARX=AMUM

MRA=TFIHR(CYCHMAX+18D. 5+1.

N OF STEFS IM CURYE

IF ¢ HOT, FILT> GOTO 42

DONT LWANT FILTER

193

EME

i1

RERDR

RO
12

IFILT=H

WRITEC3, 193

FORMAT " ENTER RAFPERTURE SIZES IN kM - TERMINATE BY HEGATIVE X
L 44 I=1.45

CHRLL FRIMITCANUM. IER, S5
IF cAaMuUM LT, B8 GOTO 42
LF IHPUT

TFTLT=IFILT+1

AFILTCIFTLT »=RMNUM
CONTIMNUE

MOVING AVERAGE SIZES

FOR VARIATION OF RANOMALY SPECTRUM WITH DEFTH
IF . HOT. LOPTH> GOTOD 45

DOMT LAWNT FREGUENCY - DEFPTH RELATION

164

EHD

14
RERD
13

DaMT

IFREG=8

WRITECZ, 104

FORMARTC” EHMTER DEFTH IMN kM - TERMIMATE BY MEGRTIWE 2
DO 14 I=1.45

CRLL FRINMITCARNIM: IER, D

IF cRMUM LT, B, > Q070 4S
OF INFUT

IFREG=IFRER+1L

RFREQCIFRER »=RMNLUM
CONTIMUE

DEFTHS OF THE POINT SOURCE
CONTINUE

TF ¢, MOT. FILTH» GIOTO 49

WRNT FILTER REZSFDONMNSE

CARLL FPLOTOCG. o YHRWH, =20
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SET OPIGIN
YMAK=23.
SAYE MAXK VALUE IM %Y DIRECTIOM FOR LATER
CALL SYHBOLCZ2. , -4, .. €8, "MONVIMG AVERAGE 7, 8. . 14>
LABEL FILTER GRAFH
HOW FORH RXES
CALL PRHEISCCYCMAR. -8, 25, 23,
DO 47 J=4, IFILT
Hid=8.
Yl =1,
SET THE FIRST “RLUES
DO 16 I=g, MX
ATHMP=FLOATCIL-1348, 81

KeId=xTHF
IF <¢RFILTCI: L GT. 9. GOTO 45
Y{Ix=1 @
IF MO FILTER HHVE HLL FARSS
GOTO 416

15 CONTIMUE
YT =STINCAFTILT T 33, 441892%STHP YA (RFILT (I 5%3, 144532+ MTHP 3
16 COWTIHUE
CREL LERAMCH Y. N CYCMAZ+1D, , 25 8, YHAE, -3, 25, AFTILTA I, I
47 COHTINUE
RN FOR THE ~3 DB FOINT WHICH IS THE CUT-0OFF OF THE FILTER
WVARL=8, 7aF+E20, @+3. 9
CHLL CUTOFFYYRL, MY
13 CONTIMNUE
MO FOR THE SFECTRUM OF A POINT SOURCE MWITH IMNCRERSIMG
SURIAL
IF <. MOT. DPTH> GOTO 22
OHLY MANTED FILTER
CALL PLOT«H. , ¥YMAX+S. B, —-322
SET ORIGIM AGRIM
YHAX =20
JFPER LIMIT OF %
CRLEL sSYMBOLCZ. . -2, ., 258, "ANOMRLY SPECTRUM. ., 8. , 162
hHBEL FLOT
CALL PASISCCYCHMAY, 8, . 28,
B 214 J=i. IFRER
H(lo=8,
Nida=1.
SET THE FIRST VRLUES
PO 28 I=2., N4
HTHP=FLORT(I-1>+8. 8l
HI)=HTHP
PLTASERFPC~3, 144528 «AFREQCY 3+ THE
28 CONTIMUE
CALL LORAMCH. ¥ WY, CYCHAX+1S. , 28, , YA, 8., RFRERCJ 3, J2
24 CONTIHUE
YYAL=R, TETHER. B
CRLL CUOTOrFFOYYARL: MED
CONTINUE
CARLL RSTRO2X
STGF
END
SUBROUTINE LINECH Y, N, KODE, ISFACE >
IMPLICIT IMTEGER#E2 (I~M:
THTEGER+4 KOME, ISFACE, H, I. J
DIMEMSTOM MOn2, Yot
CHRLL PERUF

31
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I=K0ObCE
IF {KOBE LT, B I=-X
DO 48 J=4. H
CALE PLOTARCI», P0I0, 40
IF <MOBLT- l:ISPHCE? SHE. B2 S3TG 40
CALL FACTORCL. &
IF CKODE _NE. 93 C
CHLL FHCTGR(B 3237
IF C(KODE . GE. @3
CONTINUE
CALL PENUP
RETURN '
END
SUBRQUTIHE CUTOFFCWELL MM
LGGICAL TIFN
IFN=. TRUE.
CRLL FLOTCB. . VAL, 3>
CRLL FENDH
DO 18 I=6, M, 3
XTHP=FLOAT(I~-13=+0. &1
CARLL PLOTCRATHMP=1D. , VAL, 13
TFH= NOT. IFH
IF COMOT. IPNY CRLL FPENUP
IF <IPM>» CZALL FENDN
CONTINUE
RETUEM
END
SUBRODUTINE FPAXISCHMAX, YMIMN, YLNTH?
PIMEMSIUON HK{Z)X, Yias
Kil?=8.
Hldx=1,
HOED=KMAK

ALL MRARKERCI)
2
CALL FEMDN

ERLEL SCRLECH, 2, HMAX+4E,  FMIN, DELTA?

CHLL RIS, 8., "CYCLESSKMY, -2, sMAXsdia. , 8., FMIMN, DELTA, 17

DRAN BHD SCHLE W AXIS

CHLL 2CHLECY. 2, YLNTH: FMIN, DELTH?
CRLLE A

RETURNM

EMHBD

SUBROUTINE LDREAWCE, Y B, SMAK, YEHTH, YHAR, YHIHN, Wak. Jo

DIMENSTION W22, Yign
HONR+La=¥MAK+E. 1
FONR+L=YHMIN

FORCE THE RANGE FOR SCRLING

=45k

CALL SCALECH, NA+L, BHAR, FHMIM, DELTRY
CRLL SCHLECY. NHE+L, YLHTH, FMIM, DELTH?
cRLL LTRECXM, Y, WK, J, 190

WEITECS, g VAL

FORMATC(FS. 2, 7 KM s

CALL FLOTCAMBX+4. , YHAX-FLORT(I+20,: 32
CRLL FRZTORCL, 2
CALL MARKERCIT?
CRLL FROTOR(E 3237
CALL PURITECHMAX+E
RETURHN

END

H
"
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