
i 7'!’ #gé/z' A: H $516“; 
SR r 

amimees 
gotta/tan 

m1 3,576,985,719}: 
2,908,889 10/1959 lnventor Philip L. Lawrence 

Riverside, Conn. 3,022,005 2/1962 Dickinson . 
669,314 3,023,966 3/1962 Cox et a1...‘ 

Filed Sept. 20,1967 3,166,709 1/1965 Dol1............... 
[45] Patented May4, 1971 3,209,134 9/1965 Feagin etal, . 

Asslgnee Mom} 0'] POPPM‘IQH _ Primary Examiner-Malcolm A. Morrison 
Commuauon of application Ser‘ No’ Assistant Examiner-Joseph F. Ruggiero 
214’973’ Mg 6’ 1962’ "W abmd‘med- Attorneys-Sidney A. Johnson, William J. Scherback and 

[721 

[21] Appl.No. 
[22} 

[73] 

Donald L. Dickerson 

[54] METHOD OF AND MEANS FOR TREATING 
GRAVITY PROFILES 
16 Claims, 12 Drawing Figs. 

gne . .mohmp kvUTr. awde mkem nemo O In .n.mma meee iorggn 0. 

ABSTRACT: A gravity pro?le containing gravitational 
anomalies is utilized and treated to provide information as to 
depths of the sources of the anomalies, The initial measure 
ments of gravity potential along the line of ex 
up the gravity pro?le are corrected for chan 
and a plurality of averaged gravity pro?les are 
generated pro?les are subtracted from o 
generate difference pro?les in which the several anomalies a 
pear in turn and in greatly enhanced form. 
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METHOD OF AND S FOR TREATING GRAVITY 
PROFILES 

- This is a continuation of Ser. No. 214,973 ?led Aug. 6, I962 
and now abandoned. 

This invention relates to methods of and means for trans 
forming gravitational potentials existing along a pro?le into a 

' form which accentuates anomalies and provides information 
as to the depths of the structures giving rise to them. 

' Measurements of gravity taken along a line of exploration 
and thus providing a gravity pro?le have long been used in 
geophysical exploration for the reason that the gravity poten 
tial along the pro?le will vary with change in the density of 
structures located generally below each point of measure 
ment. Gravitational maps and gravity pro?les though having 5 
substantial degree of usefulness have nevertheless left much to 
be desired in providing information as to the depth and 
character of the masses which give rise to gravitational 
anomalies in gravity pro?les. 

In accordance with the present invention, there is utilized a 20 
gravity pro?le containing gravitational anomalies. The gravity - 
pro?le comprises measured values of gravity or gravity poten 
tial along the line of exploration and is generally available in 
the form of a graph or in a table of gravity ‘measurements 
either as recorded in the ?eld or as taken from a gravity map 
in correlation with successive distances from a reference point 
along the pro?le; After correction of the measurements for 
change in elevation along and near the pro?le, there are 
generated from the resultant gravity pro?le a plurality of 
averaged gravity pro?les each differing from the other by 
reason of the use of a different averaging operator, each suc 
cessively longer than the last. The generated pro?les are then 
subtracted one from another to generate difference pro?les. 
On these difference pro?les the several anomalies appear in 
turn and in greatly enhanced form. The enhancement, the 
distinctive character of the anomaly and the increased am 
plitude all appear as functions of the depths of the sources of 
theranomalies. ‘ ’ 

The present invention takes advantage of the fact that the 
special “period" or length of an anomaly as it appears in the 
gravity pro?le is, among other factors, a function of the depth 
of the source of that anomaly. Accordingly, a reinforced or 
enhanced peak appearing on one of the difference pro?les will 
be representative of a source located in a depth range which 
will lie below the earth's surface no greater than a distance 
between about one-half of the lengths of the averaging opera 
tors applied to the two averaged pro?les subtracted one from 
the other to produce the difference pro?le. Advantage is 
further taken of a known simple amplitude relationship deter 
mined in reference to the occurrence of the maximum am 
plitude of an anomaly. Thus if half the horizontal distance 
from the point of maximum amplitude to the point of half am 
plitude be taken, the amplitude value at that half-distance 
point will then provide information as to whether the anomaly 
in question may be considered due to a concentrated mass at a 
substantial depth or to a shallower distributed mass. For con 
centrated (cylindrical or spherical) mass anomalies, the dif 
ference curves are a direct indication of depth. For distributed 
masses, the difference curves give' the maximum possible 
depth indication, but the actual depth may be less, depending 
on the assumed shape. 
The presentfinvention may be practiced both by analog and 

digital procedures and in each case greatly extends the infor 
mation available to geophysicists in their study of the nature of 
subsurface formations as revealed by gravity pro?les. 

‘For further objects and advantages of the invention together 
with detailed instructions of how to construct apparatus em 
bodying the invention and to practice the methods of the in 
vention, reference is to be had to the following detailed 
description taken in conjunction with the accompanying 
drawings, in which: 

FIG. 1 illustrates in part a plurality of stations at which 
gravitational measurements are made and the manner in 
which these readings have in the past been averaged; 
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2 
FIG. 2 illustrates a gravity pro?le prepared for further 

processing in accordance with the present invention and illus 
trating three averaging intervals in connection therewith; 

FIG. 3 is a sketch of an averaging operator'labeled in ac 
cordance with the terms used in equations utilized in explain 
ing the invention; 

FIGS. 4 and 5 respectively are illustrations of unit step, or Heaviside" functions, one positive and one negative, and both 

including mathematical expressions therefor; 
FIG. 6 presents for ready reference the basic equation, the 

solution of which is provided in accordance with the present 
invention; . 

FIG. 7 diagrammatically illustrates an apparatus and system 
of the analog type embodying the invention; 

FIGS. 8, 9 and 12 are graphs plotted with distance as abscis 
sae and gravity potentials in gravity units gu as ordinates illus 
trative of the nature and character of data provided in ac 
cordance with the present invention; 

- FIG. 10 diagrammatically illustrates an apparatus by means 
of which there may be subtracted one pro?le from another; 
and 

FIG. 11 illustrates data obtained in accordance with the in 
vention and the manner in which it is utilized to delineate sub 
surface formations. 

Referring now to FIG. 1, there have been illustrated a plu 
rality of stations'at which gravity or gravity potential may be 
measured. It has been conventional to establish a gravity mea-. 
suring station at the intersection of vertical lines or columns 
designated A-K respectively and rows or horizontal lines 1 
—ll. Only selected stations have been illustrated as small 
rectangles: those needed to emphasize the manner in which 
gravity measurements in the past have been averaged. Thus, 
only on rows 10 and 11 have all of the stations thereof been il 
lustrated and these by open circles. 

If it be desired to obtain the residual gravity at station E-S, 
there will be subtracted from the gravity potential at E-S the 
average of the gravity readings along a circle of selected size 
having its center at E-S. Thus, readings at stations A~5, 8-2, 
8-8, E-9, H-2, I'I-8 and 1-5 will be added together and di 
vided by 8. If residual values be desired along a gravity pro?le 
such as 5—5, then it will be understood that the, foregoing 
laborious procedure will have to be carried out for the plurali 
ty of stations lying along pro?le 5-5 and further, that the com 
putations will differ for each station since the values around 
the circle with its center successively at the several stations of 
pro?le 5—5 will differ. The averaging and difference 
procedures just described have been utilized to provide infor 
mation on anomalies which may appear at a depth approxi 
mating the radius of the aforesaid circle. These methods, how 
ever, utilize sampling intervals of the order of the periods of 
anomalies and inject digital processing noise. 

In accordance with the present invention, there are pro 
vided rapid depth estimates for‘ the anomalies present in a 
gravity pro?le with enhanced separation of such anomalies 
from regional effects as well as separation of basement or sedi 
mentary anomalies from near-surface, erratic density varia 
tions and erratic topographic effects. At the same time, 
processing noise is moved to a frequency well above anomaly 
frequencies. The manner in which these objectives are 
achieved will now be set forth in terms of a typical graph 20, 
obtained from a pro?le such as FIG. 2, representing a gravity 
profile with gravity potential g(t) as ordinates plotted against 
distance as abscissae. It is to be noted that the ?rst point 20a 
on graph or pro?le 20 appears at a substantial distance from 
the origin and that the last point 20n a substantial distance 
from the terminal end of graph 20. The measurements of the 
gravity potential at points 20a and 20n have been extended 
respectively to the left and to the right and each through a 
distance equal to, or greater than, one-half the length of the 
longest averaging operator utilized. By so extending the mea 
sured values, there is eliminated ?rst-order truncation error 
and there is minimized distortion in the averaging of the data 
due to the ends of the line. It may here be noted the data 
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represented by the extensions just described are eliminated 
after the computations, later to be described, have been 
completed. 
With the gravity pro?le 20 available, a sampling interval will 

be selected which, as shown, may be the interval 11 cor 
responding with the horizontal distances between adjacent 
gravity potentials as appearing on the pro?le 20. These may 
correspond with the separation distances between measuring 
stations, or the interval h may be selected, as for example, as 
one-quarter mile. In FIG. 2 these quarter-mile points have 
been illustrated and they appear as dots on a smooth curve il 
lustrating the gravity pro?le. Station values will frequently be 
obtained at distances other than the desirable h. In this event, 
the selected values are obtained from a smooth curve drawn 
through the observed station values in the manner shown in 
FIG. 2. This method automatically interpolates gravity values 
between the observed values and also takes into account any 
apparent error in a station value because it is inappropriate in 
that it falls an appreciable distance from the smooth curve. In 
this connection, the interval h is chosen to be less than one 
half the length of the shortest ?uctuation in the observed 
gravity potential, i.e., the distance between the beginning and 
end of the shortest anomaly as measured along the abscissa. 
This procedure of selecting h is in accordance with Shannon’s 
sampling theory. _ 

Mathematically, the smoothing operator, illustrated in FIG. 
3, must be some integer multiple of the sample interval h for 
discrete operators. If the midpoint of the operator be taken as 
i=0, where t is distance (i=ih, where i= any integer), then the 
operator may be expressed as U:T(!).The total length of the 
operator will be 2T. This concept is particularly helpful since 
UiT (t) may be decomposed into two unit step functions, 
namely, iUa?iT). FIG. 4 illustrates that Uo(t+T) is a unit 
step function; similarly, —U,,(t—T) is a unit step function, the 
former being positive and the latter negative in sign. Thus 
these two unit functions, when algebraically added, de?ne the 
smoothing operator of FIG. 3. Further extensions of this 
technique will be later explained. 

If a function such as gravity potential g(t) be convolved with 
a unit step function, the result will be the integral of g(t). Ac 
cordingly, there may be written the following equation and for 
convenience presented in FIG. 6: 

In the foregoing equation, the expression 2T/g(t) is the 
average gravity potential taken over the averaging length 2T. 
As will be later explained, the function UztT (t) will be utilized 
for obtaining running averages of the several values appearing 
throughout the length of the gravity pro?le 20. Though an 
analog method of performing that averaging has been illus 
trated in FIG. 7, it is clear that one may utilize instantaneous 
values of gravity potential along the pro?le 20, and average 
these values as the averaging operator is moved along pro?le 
20. This can conveniently be done by converting the instan 
taneous values to binary numbers and the averages obtained 
by a conventional averaging program for a digital computer. 
In the program for the computer, the foregoing Equation (1) 
applies with the substitution of (ih) for the term (t) and an 
operational summation sign for each of the integral signs. The 
interval h is substituted for (dt). 
The result of averaging the gravity values over the profile 20 

will be the production of a new gravity pro?le then representa 
tive of average values of g(t) for the ?rst averaging interval 2T 
which,"as above suggested, may correspond with a distance of 
one-half mile if T=h and lFone-quarter mile. 
The foregoing operations are then repeated with successive 

ly different averaging intervals. It is preferred that these inter 
vals each differ from the other by an octave (approximately) 
or that the second and each successive averaging interval have 
approximately twice the length of the preceeding one. Thus, if 
the ?rst smoothing interval 2T corresponds with T=h of FIG. 
2, the second smoothing interval 4T will have twice the length 

20 

25 

30 

35 

45 

50 

65 

75 

4 
of interval 2T and the third interval 8T will have twice the 
length of interval 4T. The smoothing intervals will progres 
sively change and have values of 16T, 32T, 64T, 128T and 
more, if desired. 

Although the averaging operators illustrated herein are 2”’1' 
long (where n=1, 2, 3, 4, etc.), it is often desirable to use 
operators (2L1) T long, that is, 3T, 7T, 15T, 31T, 63T and 
127T length smoothing intervals, since such smoothed curves, 
in digital operations, are centered about the observed gravity 
values. 
The several resultant averaged gravity pro?les are then sub 

tracted one from the other to generate difference pro?les. The 
difference pro?les will contain enhanced representation of 
anomalies as a function of the depths of the masses or sources 
giving rise to the respective anomalies. These multiple opera 
tions may be rapidly performed, thus to provide in con 
veniently usable form new and improved data from gravity 
pro?les. 

In the analog embodiment of the invention, as illustrated in 
FIG. 7, the gravity pro?le 20 of FIG. 2 has been converted to a 
reproducible signal 20s as a continuously variable area record 
on film 30. This ?lm or recording medium 30, though illus 
trated as of the photographic type, could just as well be a mag 
netic tape having recorded thereon the changes in gravity 
potential as shown by curve 20 of FIG. 2 and with an as 
sociated pickup head for generating signals representative of 
continuous gravity pro?le 20. For the photographically 
reproducible signals, a light source 31 in conventional manner 
(lenses and light slits having been omitted to simplify the 
drawing) directs a plane of light across the ?lm 30. Light 
passing through the continuously variable area record is 
received by a photoresponsive cell 32. The ?lm is driven at a 
constant speed by motor 33 and has been illustrated as of the 
endless type for convenient repetitive playback. Since the 
length of the pro?le is related to distance and since it is being 
driven at constant speed, it will be understood that there will 
have been established proportionality between distance and 
time. 
The output from the photoresponsive means 32 is ampli?ed 

by an ampli?er 34 and applied to an integrator 36. This in~ 
tegrator is preferably of high quality and may be of the kind il 
lustrated at pages 12-20 in the book by Korn and Korn enti 
tled “Electronic ANALOG Computers," Second Edition 
(1956). The integrator 36 performs the integrating steps as 
called for by Equation (1) as appearing in FIG. 6. The output 
from the integrator, Sg (t) dt, with further ampli?cation if 
desired, is applied to a magnetic recording head 37 disposed in 
recording relationship with a magnetic recording head 37 
disposed in recording relationship with a magnetizable medi 
um, such as magnetic tape, carried by a drum 38 supported on 
a shaft 39 driven by a motor 40, or if desired, from the motor 
33. 
As shown, there are provided in association with the drum 

38 a plurality of pickup heads 41——47. 
The pickup or reproducing heads 41-47 have respectively 

associated therewith ampli?ers 5l-57. Though only two 
pickup heads 41 and 43 need be utilized with these heads ad 
justable circumferentially on the drum 38, in practice, it will 
be preferred to utilize a multiplicity of pickup heads all cir 
cumferentially adjustable on the drum 38. Each of the respec 
tive pairs will have separation distances corresponding with 
the differing selected smoothing intervals. Thus, if a reference 
point be chosen on the drum 38, such for example, as the posi 
tion of the pickup head 42, the purpose of which will be later 
explained, then the pickup head 41 will have a distance from 
the reference position at pickup head 42 corresponding with 
the interval —T of FIGS. 2 and 3. With clockwise rotation of 
drum 38, pickup head 41 will be lagging, that is to say, the in 
tegral of the gravity potential arrives at pickup head 41 after 
the time occurrence t by the interval T. Similarly, it will be 
seen that the pickup head 43 is in a leading position, that is, 
spaced from the reference position of pickup head 42 by the 
interval T. Thus, the time occurrence t of the events on the’ 



3,576,985 
5 

pro?le 20 of FIG. 2 arrive at this pickup head 43 in time ad 
vanced by the interval T. In terms of the expressions appearing 
in FIGS. 4 and 5, pickup head 41 corresponds with the (t—T) 
expression, and pickup head 43 corresponds with the expres 
sion (H-T). The negative sign of the expression of FIG. 5 
(-U,,) is taken into account by the polarity of the connection 
from pickup head 41 to ampli?er 51 or, of course, that polari 
ty can be established at the output of the ampli?er. 
As the observed gravity pro?le, after integration and after 

extension of its initial and ?nal values as described in connec 
tion with FIG. 2, is recorded on the drum 38 it then appears at 
pickup head 43. This pickup head reproduces the initial value 
until the drum not only has moved the recorded signal to 
pickup head 41 but also through a distance corresponding 
with the greatest sampling interval 128T. Thus as the ?rst of 
the ?xed values 20a, FIG. 2, arrives at pickup head 43, that 
value will be combined with successive values appearing at 
pickup'head 43. Finally, as the end of the record arrives at 
pickup head 43 corresponding with the last ?xed value 20n, 
FIG. 2, pickup head 43 continues to generate signals cor 
responding with value 20n until the end of the extended 
record. The foregoing, of course, applies equally to the pickup 
heads having separation distances equal to 128T. It is in this 
manner that there is avoided the truncation error already 
described. 
From the foregoing analysis, it will now be clear that the 

pickup head 41 generates at the output of ampli?er 51 signals 
corresponding with the expression [-jg(t-T)dt]' and that the 
pickup head 43 generates at the output of ampli?er 53 signals 
corresponding with the expression [_fg(1+T)dt]. The negative 
sign ahead of the ?rst mentioned expression has already been 
taken care of by the connection to or from the ampli?er 51 
opposite to the connection to or from the ampli?er 53. 
The two expressions within the brackets of Equation '(1), 

FIG.v 6, are now algebraically added together by applying the 
outputs from the ampli?ers 51 and 53 through contacts 60a 
and’60b by way of summing resistors 61 and 62 to a summing 
ampli?er 63. Thus, the output of ampli?er 63 provides a solu 

, tion for the two terms within the brackets of Equation (l) of 
FIG. 6. By applying the output of ampli?er 63 to a poten 
tiometer 64 and by suitably setting the movable contact as 
sociated with this voltage divider, the output at line 65 will be 
the output of the ampli?er 63 modi?ed by the expression 
l/2T: the reciprocal of the smoothing interval 2T. Thus, the 
movable contact of potentiometer 64 may be adjusted as the 
selector switch 60 is operated to change the connections to 
they ampli?er for solving the equation with a different 
smoothing interval. 
The solution of Equation (1 ) of FIG. 6 which has thus been 

provided appears as the output from potentiometer 64 and 
corresponds with the expression 2T/g(t). It is this signal which 
may be applied directly to the ampli?er 93 of the recorder. 
However, and for reasons which will later become apparent, 
that signal is applied by way of contact 60c of selector switch 
60 to a recording head 67 of a recording drum 38a carrying a 
recording medium, such as magnetic tape. In practice, the 
mechanical connection shown by the broken line connection 
from the movable contact of potentiometer 64 will ordinarily 
be'omitted, and instead there will be provided summing am 
pli?ers for each pair of pickup heads 47—47, etc., and with 
several potentiometers corresponding with potentiometer 64 
set in terms of the respective smoothing intervals. Thus, as the 
drum 38 is rotated, there will concurrently be recorded by 
recorder head 67-—73, etc., averaged gravity pro?les, each 
averaged with a different length interval. Thus, consistent with 
the assumptions earlier made, the spacing between pickup 
heads 41 and 43 will be equal to 2T, the spacing between 
heads 44 and 45 equal to 4T, the spacing between heads 46 
and 47 equal to ST, and so on until the ?nal smoothing inter 
val, which may be 128T, will have been set by pickup heads 
associated with drum 38. Since not all of these pickup heads 
have been illustrated in association with drum 38, the ?nal 
recording head 73 carries the label of 2"T/g(t), where (n=l, 2, 
3,4, 5, 6, 7). 
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Though the subtraction of one averaged gravity pro?le from 

another may be accomplished by suitable switching between 
the plurality of pickup heads 74-81, it is to be understood 
that all of the desired difference pro?les may be concurrently 
generated by providing a plurality of summing ampli?ers. For 
purposes of simplicity, only two ampli?ers '82 and 83 are 
shown in FIG. 7. One of them, the ampli?er 82 has its output 
connected to the associated recording head 90 in recording 
relationship with a recording medium, such as magnetic tape 
on a drum 91. In practice, the drum 91 will be wide and will 
have recording heads and pickup heads in number respective 
ly equal to the number of difference gravity-pro?les selected 
for an embodiment of the present invention. 
The pickup head 75 generates a signal corresponding with 

the expression 2T2/g(t), and the pickup head 76 generates a 
signal corresponding with the expression 4T4/g(t). Thus, if the 
connections to pickup head 76 as applied to the input of the 
summing ampli?er 82 be reversed relative to the polarity of 
the conductors of pickup head 75, it will be seen that the 
summing ampli?er 82 will provide an output corresponding 
with the difference between the’aforesaid averaged gravity 
pro?les, i.e., 2T2/g(t)—2T4/g(t). This difference gravity pro?le 
is now recorded on the tape carried by the drum 91. It is 
reproduced by the pickup head 92, ampli?ed by an ampli?er 
93, and applied to control the rotation of a motor 94 which 
through a belt or violin string 95 positions a' recording head or 
pen 96 laterally of a recording medium 98. This recording 
medium, which can be a recording chart, is driven from shaft 
39 which carries the drums 38, 38a and 91. Recorders of .the 
type referred to are well known to those skilled in the art and 
are highly suited to the generation of the difference gravity 
pro?le as detected by pickup head 92. In practice, a mul 
tiplicity of recorders may be utilized, but for reasons of econo 
my it will sometimes be preferred to utilize switching as 
between the respective pickup heads 74-81 for successive 
generation of the difference gravity pro?les by means of which 
valuable informationmay be obtained from the original gravi 
ty pro?le illustrated in FIG. 2. As further illustrated in FIG. 7, 
the second difference gravity pro?le may be generated by ap 
plying the output from ampli?er 83 to the recording head 90. 
This difference pro?le, for illustration of the broad principle, 
has been shown in FIG. 7 as 2T2/g(t)—-2T,,/g(t). Thus, there 
have been disclosed several embodiments by means of which 
the invention may be practiced. 

‘ Now that there has been explained the manner in which an 
analog solution has been provided for the equation of FIG. 6, 
it is again emphasized that the equation may be solved by 
utilizing the smoothing operators as set forth above, digitizing 
the values from the gravity pro?le 20 with the extensions at 
the ends as already described and that after averaging with the 
several length operators, a computer may be readily pro 
grammed to generate outputs representative of difference 
pro?les and that such binary outputs representative of dif 
ference pro?les and that such binary outputs from computers 
may be, through a decoder, applied to the ampli?er 93 to 
generate the difference pro?les in manner just explained. 

Referring now to FIGS. 8 and 9, there will be considered the 
multiplicity of averaged pro?les and difference pro?les all 
generated as described above. 

In FIG. 8 the curve 101 has been plotted from observed 
data, i.e., from gravity measurements taken along a line of ex 
ploration to provide the gravity pro?le. This gravity pro?le is 
converted into the reproducible signal 20s, FIG. 7, integrated 
at 36 and the smoothing interval 2T2 established to produce 
outputs applied to the ampli?er 63. After modi?cation by the 
potentiometer 64 there is produced at conductor 65 an output 
equal or proportional to the gravity potential of curve 101 
smoothed by the operator 2T2. This is the signal recorded by 
recording head 67 on drum 38a. 
As shown in FIG. 10, the signal recorded by recording head 

67 is detected by the pickup or playback head 75 and through 
a multiple point switch 97 is applied to the ampli?er 82 with 
its output connected to the recording head 90 of drum 91. The 
pickup or playback head 92 applies the resultant output to 
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ampli?er 93 and thence to the motor 94} which generates on 
the recording medium 98 the gravity pro?le 102 of FIG. 8. 
By operating the switch 97 to the successive positions with 

concurrent change in positions of selector switch 60 of FIG. 7 
there will be generated the smoothed gravity potential curves 
‘102-108, FIG. 8, each respectively smoothed with smoothing 
operators 2T, 4T, 8T,_ 16T, 32T, MT and 128T.‘ The result of 
these smoothing operations is the progressive removal of 
higher (spacial) frequencies (shorter length oscillations) 
present in the original observed gravity pro?le 101, these high 
frequency components-being due to gravity anomalies closer 
to the surface. With the smoothing operator proportional to 
samples about a quarter of a mile apart, the 128T interval (T= 
one-quarter mile) will largely average out anomalies less than 

~ about 16 miles across (these periodicities then being less than 
about 32 miles). , 
By now taking the differences between the foregoing 

progressively smoothed curves 101-108, anomalies appear— 
ing in the form of wavelets of differing frequency will be ac 
centuated. Thus as explained in detail in connection'with FIG. 
7 (and in which there was directly obtained the curves now to 
be described) the curve or difference gravity potential 112 of 
FIG. 9 is the result of subtracting the gravity potential 103 of 
FIG. 8 from the gravity potential 102. For convenience, each 
curve of FIG. 9 has in theleft-hand margin a reference to the 
operations which produced it, i.e. 2-4, being indicative of the 
manner in which the curve 112 was obtained. Thus the dif 
ference pro?le 113 resulted from the subtraction of curve 104 
from 103; difference pro?le 114 was obtained from subtract 
ing curve 105 from 104. The difference pro?le 115 was ob 
tained from subtracting pro?le 106 from 105. The difference 
pro?le 116 was obtained by subtracting pro?le 107 from 106. 

' The difference pro?le 117 was obtained by subtracting pro?le 
108 from 107. Thus, the pro?le of longer smoothing interval is 
in each case subtracted from a pro?le of a shorter smoothing 
interval. 

Referring again to the difference pro?le 112 and with the 
foregoing assumed selection of samples of one-quarter of a 
mile, anomalies ranging in period from about one-quarter to 
about one-half of a mile wide will be enhanced. Thus there ap 
pears on gravity potential 112 a wavelet having a positive 
going component 1 12a and a negative-going component 112b. 
In accordance with the present invention, advantage is taken 
of the fact that the anomaly period or length is a function of 
the depth of the source of the anomaly. Since the width of the 
anomaly on say the positive component 112a can have a width 
at half maximum amplitude which can range from between 
800 ft. to i500 ft., it is known at once that the wavelets 112a 
and 1_12b will be representative of anomalies within or near 
the foregoing range. If the width of the positive component 

. 112a at 50 percent of maximum amplitude be measured, it will 
be found that the depth Z will approximate 1500 feet. It is for 
this reason that the difference pro?le 112 has on it the label 
AZ (the range of depth from 800 feet to 1500 feet). Similarly, 

' the remaining difference pro?les 113-117 have been labeled 
with their respective depth ranges and also with depths as 
determined from the width of the wavelets at their halfway 
points. In this connection it is to be noted that on difference 
pro?le 113 the depth of the anomaly is given as 5500 feet 
which is beyond'the range of AZ for this gravity pro?le. The 

' same disparity exists for the depth Z of 7200 feet for the dif 
ference pro?le 114. In both pro?les, however, it will be noted 
that the two troughs 111% and 1136 indicate that the anomaly 
113a has both a positive and negative portion. The negative 
going portion can be illustrated by the broken line 113d. Thus 

- the fact that two anomalies superimpose explains the disparity 
between the predicted range of depth and that determined by 
the measurements described above. Accordingly, the negative 
going wave can be ascertained as indicated by the broken-line 
representation 114d. 

In the gravity pro?le 115 "picks" can he made at the 50 per 
cent points for the negative-going component 115k and for the 
positive-going component 115a. However, knowing that the 
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8 
negative-going anomaly has been developing as explained in 
connection withgravity potentials 113 and 114, the difference 
pro?le 115 may be considered as lacking in sufficient de?nite 
ness to indicate a simple anomaly and thus attention may be 
directed to the difference pro?le 116. Here it will be seen that 
the negative-going character of the anomaly ‘is now quite 
pronounced and picks may be readily made as indicated by 
the vertical lines intersecting the negative-going component 
11Gb which provide a depth for the anomaly at l6,000 feet. 
The broken-line portion of the component 1161) can be re 
liably drawn since it is known that there still remains some ef 
fect from the positive-going components which appeared in 
the earlier difference pro?les 112-115. In the ?nal difference 
pro?le 117 there is obtained a very smooth negative com 
ponent 1171; providing even greater reliability in the pick of 
the 50 percent points for determination of the depth Z approx 
imating 30,000 feet. 
Inasmuch as the pro?les of FIG. 8 and 9 are all plotted with 

distance along the line of exploration as abscissae, information 
as to the location along the pro?le of the anomaly just 
described is also indicated. 

Thus, the midpoints of the wavelets of FIG. 9 on which the 
pick-lines have been illustrated by the vertical lines described 
above may now be plotted, FIG. 11, with distance for abscis 
sae and depth as ordinates. The small circles 112m-l14m, 
116m and 117m are respectively indicative of depths to the 
center of the respective anomalies determined by the gravity 
pro?les 112-114, 116 and 117 of FIG. 9. It will be observed 
that there is migration to the left with increase of depth of the 
center points of the respective anomalies, The information ob 
tained as to the distribution of the anomaly at each point, 
since it is gradually increasing in volume, makes it possible to 
draw, as indicated by the dashed line, the outline of the as 
sumed total anomaly. This dashed curve P shows that the 
anomaly comprises a narrow spine extending upwardly toward 
the surface from one side of a much larger volume, larger with 
increasing depth. This upwardly rising spine suggests the 
presence of a salt dome and thus indicates the desirability of a 
seismic survey over'the region in question. It is in this manner 
that the present invention greatly extends the information 
available from gravity surveys and to a point where complex 
subsurface anomalies may be identi?ed, such as the salt dome 
illustrated in FIG. 1 1. ' 

Further in accordance with the invention, the nature of 
residual effects of gravity represent information needed in the 
interpretation of gravity data. In accordance with the present 
invention and particularly the arrangements of FIGS. 7 and 10 
.a set of smoothed residuals of gravity potential may be readily 
obtained as illustrated in FIG. 12. Thus, if a switch 97 be in its 
illustrated position, FIG. 10, and switch 128 closed with the 
polarity of the signals from the pickup or playback head 81 
reversed from pickup head 75, it will be seen that there will be 
applied to the summing ampli?er 82 the difference between 
signals detected by playback head 75 and those from playback 
head 81. More speci?cally, signals representative of the 
smoothed gravity pro?le 108 of FIG. 8 will be subtracted from 
the smoothed gravity pro?le 102. These, it will be recalled, 
have sampling intervals respectively equal to 128T and 2T. 
The result of the described operations is the production on the 
recording medium 98 of the smoothed residual gravity poten~ 
tial 122 of FIG. 12. As the selector switch 97 is moved to the 
left through its switching positions there will be successively 
generated the smoothed residual gravity potential curves 123— 
-127 of FIG. 12, each curve of pro?le having an additional 
labeling indicating the several subtractions which take place, 
the ?nal smoothed gravity potential 108 of FIG. 8 in each case 
being subtracted in turn from the remaining gravity potentials 
of FIG. 8. 

It is to be noted that in FIG. 0 the potential curves 101- 1011 
have been plotted with each unit of magnitude of ordinaten 
equal to 50 gravity Ullllll. In one embodiment of the invention 
this unit was 1 inch. in FlCiS. ‘1 and 12 the name unit of mag 
nitude for the ordinates for the name embodiment of the in 
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vention are each made equal to ?ve gravity units. The distance 
scale is 10,000 feet per unit. In the present drawings, the 
scales for the illustrated data have been selected for its display 
in much the same form as in said described embodiment. 
Now that there has been described an analog system em 

bodying the invention together with the manner in which in 
formation can be generated as to depth of anomalies, it will be 
understood that other modi?cations may be made and that 
certain features of the invention can be utilized without other 
features. Moreover, additional information can be generated 
from gravity pro?les, particularly where there is considerable 
interest in distinguishing between near-surface anomalies of 
relatively great area and somewhat deeper anomalies of 
greater density and less area. 

It has been found that if the gravity pro?le 101 of FIG. 8 be 
differentiated prior to recording on the drum 38, shallow dis 
tributed masses will produce components on the resultant 
gravity curve having sharp edges which disappear in the later 
records Thus one can distinguish between the concentrated 
deeper masses and the shallow distributed masses. To dif 
ferentiate signals applied to the recording head 37, FIG. 7, a 
differentiator may be included in circuit with the recording 
head 37. Without such a differentiator, however, it is known 
that the pickup head 42 reproduces the quantityf g (t) dt. By 
applying this quantity to a differentiator 52a and by closing 
the switch 52b there will be obtained and applied to the 
recording head 66 the function g (t). However, since the func 
tion g (t) forms the input to the integrator 36 it will be seen 
that by operating the switch 36a to its uppermost position the 
integrator 36 will be bypassed and the function g (t) will be 
directly applied to the recording head 37. Hence, switch 52b 
may remain open. In this way the differential of the function 
above described may be utilized in generating smoothed gravi 
ty pro?les as explained for pro?les 102—l08 of FIG. 8 and 
also utilized in the production of difference pro?les such as 
shown in FIG. 9 and also for smoothed residuals of the kind al 
ready described in connection with FIG. 12. 

Referring again to FIGS. 2-6, it will be remembered that 
the methods and procedures outlined in connection with FIG. 
7 produce a convolution of a function g (t) with the operator 
of FIG. 3. While in this case the function g (t) is a function of 
gravity potential, it is to be understood that the method may 
also be applied to other functions such as x (t) which varies in 
amplitude along a scale. The convolution will then be with an 
operator which may comprise at least the two step functions of 
FIGS. 4 and 5, respectively of positive and negative sign and 
respectively occurring at different positions along the abscissa 
scale of the function x (t), This convolution is, according to 
the right-hand side of the equation of FIG. 6, performed by al 
gebraically adding together at least two functions respectively 
representing summations of integrals of x (t), these integrals 
being displaced one from the other along said scale by 
amounts corresponding with the displacements one from the 
other of said step functions. 

Iclaim: 
1. The method of treating a gravity pro?le containing 

gravitational anomalies extending along a distance scale which 
comprises the following steps each executed by automatic 
computing apparatus: 

generating and storing machine responsive signals 
representing the amplitudes of gravity potentials 
represented by said gravity pro?le, 

algebraically and progressively adding-together along said 
pro?le the stored machine responsive signals representing 
amplitudes spaced apart by an interval, 

dividing the algebraic sum of said machine responsive 
signals by a factor proportional to the reciprocal of said 
interval to produce quotient machine responsive signals, 
and 

recording the quotient machine responsive signals represen 
tative of the averaged pro?le in correlation with the scale 
of said gravity pro?le. > 
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2. The method of treating gravity pro?les containing 

gravitation anomalies which comprises the following steps 
each executedby automatic computing apparatus: 

generating and storing machine responsive signals 
representing said gravity pro?les, 

generating from a stored machine responsive signal 
representing a gravity pro?le a plurality of averaged 
machine responsive signals representing gravity profiles 
smoothed by differing smoothing intervals extending 
along said gravity pro?le, and 

subtracting said plurality of averaged machine responsive 
signals one from the other to generate machine respon 
sive signals representing difference pro?les thereby to 
enhance the appearance of the anomalies on the several 
difference pro?les. 

3. The method of claim 2 in which said averaged machine 
responsive signals are generated by integrating with respect to 
distance along said gravity pro?le, 

algebraically adding together values from the integrated 
pro?le corresponding with 

g(t) = gravity values along said gravity pro?le, 
T= one-half the smoothing interval, and 
t = distance along said gravity pro?le, to produce a 

resultant sum machine responsive signal, and 
modifying said sum machine responsive signal by the factor 

4. The method of claim 2 in which said smoothing intervals 
each differ one from the other by the same order of change in 
length. 

5. The method of claim 3 in which said smoothing intervals 
each differ one from the other by an octave. 

6. The method of claim 5 in which anomalies on said dif 
ference pro?les are related to zones of depth approximately 
respectively one-half of the smoothing intervals of two 
generated machine responsive signals subtracted one from the 
other. 

7. The method of claim 2 in which each of said difference 
pro?les is recorded and the separation distances at half am 
plitude of anomalies are recorded in terms of depth of their 
occurrence. 

8. The method of claim 2 in which said gravity pro?le is ex 
tended at and without change from both its initial and final 
values by amounts equal to the maximum value of said 
smoothing intervals. 

9. The method of treating gravity pro?les containing 
gravitational anomalies which comprises the following steps 
each executed by automatic computing apparatus recording 
on a reproducible medium signals representative of a gravity 
pro?le with the initial and ?nal values of the gravity potential 
of said pro?le extended a distance along said medium propor 
tional to a distance equal to the maximum of the smoothing in 
terval de?ned by the smoothing function hereinafter set forth, 

generating from said medium electrical signals, 
convolving with said electrical signals representative ‘of said 

gravity pro?le g(t) a smoothing function U:T(t) for 
generating averaged gravity pro?les 2T/g(t) where each 
change ofT is of the same order as the preceding change, 
and subtracting in succession said pro?les one from the 
other, the longer-smoothed from the shorter-smoothed 
pro?les, for generating difference pro?les thereby to 
enhance the appearance of the anomalies on the several 
difference pro?les. 

10. The method of claim 9 in which said electrical signals 
representative of said averaged gravity pro?les are recorded in 
succession prior to said subtraction thereof one from the 
other. . 

11 The method of processing gravity pro?les representing 
gravitational potential along a line on the earth to accentuate 
anomalies therein comprising the followingsteps each ex~ 
ecuted by automatic computing apparatus: 



ull 
recording said gravity pro?les along a length of a reproduci 

ble medium corresponding with a distance along said line 
onthe earth, " , _ 

converting the recording on said reproducible medium to a 
?rst electric signal representing said gravitational poten~ 
tial as a function of time, ' 

integrating said first electric signal to produce a second 
electric signal representing integrated gravity potential as 
a function of time, 

continuously subtracting a ?rst component of said second 
electric signal from a second component of said electric 
signal which is separated in time from said ?rst com 
ponent by an interval which is an integer multiple of a 
sampling interval to generate a third electric signal 
representing an average gravity pro?le, 

continuously subtracting a third component of said second 
electric signal from a fourth component of said second 
electric signal which is separated in time from said third 
component by an interval which is a different integer mul 
tiple of said sampling interval to generate a fourth electric 
signal representing an average gravity pro?le, 

continuously subtracting said third electric signal from said 
fourth electric signal to generate an electric signal 
representing a difference pro?le, and 

recording said electric signal representing said difference 
pro?le on a reproducible medium to produce a record in 
which the appearance of said anomalies is enhanced. 

l2. A system for treating a gravity pro?le containing 
gravitational anomalies extending along a distance scale in 
which system elements are interconnected to comprise: 
means for generating electrical signals representing the am 

plitudes of gravity potentials represented by said gravity 
pro?le, 

storage means for storing the generated electrical signals, 
means for extracting from said storage means a plurality of 
components of the signals stored therein, each time 
shifted one from the other by a different smoothing inter 
val related to said scale, 

summation means, pairs of said components being applied 
> to said summation means to produce at the output thereof 
signals representing the difference between the pairs of 
components applied to the input, 

dividing means, the output of said summation means being 
applied to said dividing means, said dividing means being 
set to divide the output of said summation means by the 
smoothing interval separating the pair of components ap 
plied to the input of said summation means, the output of 
said divider being an electrical signal representing a gravi 
ty pro?le averaged over a smoothing interval, 

means for storing a plurality of the electrical signals each of 
which represents a gravity pro?le averaged over a 
smoothing interval, 

difference means, 
means for extracting from storage pairs of said electrical 

signals representative of averaged gravity pro?les 
averaged over different smoothing intervals, said last 
named pairs of signals being applied to said difference 
means, to generate at the output of said difference means 
an electrical signal representing a difference gravity 
pro?le, and 

means for recording the output of said difference means on 
a reproducible medium to produce a gravitational record 
in which the appearance of said anomalies is enhanced. 

13. A system for treating a gravity pro?le containing 
gravitational anomalies extending along a distance scale in 
which system elements are interconnected to comprise: 
means for generating electrical signals varying in proportion 

to the amplitudes of gravity potentials represented by said 
gravity pro?le, 

means for storing said generated signals on a reproducible 
recording medium on a scale proportional to said 
distance scale, 
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' will 
pickup means associated with said last-named recording 
medium respectively spaced one from the other by 
amounts respectively equal to a plurality of smoothing in 
tervals of increasingly greater length, 

an adder for algebraically adding together the signals de 
tected by said pickup means, 

voltage dividing means, 
means for applying the algebraic sum of said detected 

signals to said voltage dividing means for modifying the 
sum by a factor proportional to the reciprocal of the 
smoothing interval, 

means for recording the output of said last-named means as 
representative of an averaged gravity pro?le in correla 
tion with said scale of said stored ?rst-named gravity 
pro?le, and 

signal storing means interposed between said recording 
‘ means and said voltage dividing means for storing electri 
cal signals, together with means for reproducing the 
signals stored therein for application to said recording 
means, the electrical signals from the output of said volt 
age dividing means being applied to said signal storing 
means. 

14. A system for treating a gravity pro?le containing 
gravitational anomalies extending along a distance scale in 
which system elements are interconnected to comprise: ' 
means for generating electrical signals varying in proportion 

to the amplitudes of gravity potentials represented by said 
gravity pro?le, 

means for storing said generated signals on a reproducible 
recording medium on a scale proportional to said 
distance scale, 

pickup means associated with said last-named recording 
medium respectively spaced one from the other by 
amounts respectively equal to a plurality of smoothing in 
tervals of increasingly greater length, 

an adder for algebraically adding together the signals de 
tected by said pickup means, 

voltage dividing means, 
means for applying the algebraic sum of said detected 

signals to said voltage dividing means for modifying the 
sum by a factor proportional to the reciprocal of the 
smoothing interval, 

means for recording the output of said last-named means as 
representative of an averaged gravity pro?le in correla~ 
tion with said scale of said stored ?rst-named gravity 
pro?le, 

said means for recording having a plurality of recording and 
reproducing means for storage signals representative of a 
plurality of said averaged pro?les, 

difference means associated with said reproducing means, 
and 

means for applying pairs of said signals representative of a 
plurality of said averaged pro?les to said difference 
means, said difference means generating a plurality of 
output signals each representing the difference between 
different pairs of signals recorded by said recording 
means. 

15. A system for treating a gravity pro?le containing 
gravitational anomalies extending along a distance scale in 
which system elements are interconnected to comprise: 
means for generating electrical signals varying in proportion 

to the amplitudes of gravity potentials represented by said 
gravity profile, I 

means for storing said generated signals on a reproducible 
recording medium on a scale proportional to said 
distance scale, 

pickup means associated with said last-named recording 
medium respectively spaced one from the other by 
amounts respectively equal to a plurality of smoothing in 
tervals of increasingly greater length, 

an adder for algebraically adding together the signals de 
tected by said pickup means, 

voltage dividing means, 
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means for-applying the algebraic sum of said detected 
signals to said voltage dividing means for modifying the 

- sum by a factor proportional to the reciprocal of the 
smoothing interval, 

means for recording the output of said last-named means as 
representative of an averaged gravity pro?le in correla 
tion with said scale of said stored ?rst-named gravity 
pro?le, 

said means for recording having a plurality of recording and 
reproducing means for storing signals representative of a 
plurality of said averaged pro?les, 

difference means associated with said reproducing means, 
means for applying pairs of said signals representative of a 

plurality of said averaged pro?les being applied to said 

5 

difference means, said difference means generating a plu- l5 
rality of output signals each representing the difference 
between di?‘erent pairs of signals recorded by said 
recording means, and ' 

recording means for recording as difference pro?les said 
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H4 
output signals. 

16. The method of processing data representing physical 
properties of the earth including anomalies extending along a 
distance scale which comprises the following steps each ex 
ecuted by automatic computing apparatusr 

generating and storing machine responsive signals 
representing the amplitudes of said physical properties 
along a pro?le, 

algebraically and progressively adding together along said 
pro?le the stored machine responsive signals representing 

, amplitudes spaced apart by an interval, 
dividing the algebraic sum of said machine responsive 

signals by a factor proportional to the reciprocal of said 
interval, and 

recording the quotient of said last-named step as machine 
responsive signals representative of the averaged pro?le 
in correlation with the scale of said physical properties. 
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