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ABSTRACT
qvity data ba i . .
fd;p:;g apprz a‘sjf :::ecz::gg revised o improve accuracy, versatility and coverage. The currently
n L } ct observed gravity data for geophysical purposes includes several
approximations. These were originally ysed geoprysica’ purpo; -
e ptactice; sven thaubh used to reduce computational effort, but have remained
el datare ht 8h the pequired computing power is now readily available. The
(Lpll € highly affected by topography and elevation of the station, instrumental
drify, tidal effects and latitude variation of th i i )
S ion of the earth. The interpretation of data proceeds fromt
simple er cOrrections to corrections that rely on increasingly sophisticated earth models.
Important details of the reduction equations continue to be refined and debated (e.g. LaFehr,
191a, 1991b, 1998.) The most striking revision is the use of the infernationally accepred
terrestrial ellipsoid for the height datum of gravity stations rather than the conventionally used
geoid or sea level. The use of the revised procedures is encouraged for gravity data reduction
because of the widespread use of the global positioning system in gravity fieldwork and the need
for increased accuracy and precision of anomalies and consistency with national databases.
Anomalies based on the revised standards should be preceded by the adjective “ellipsoidal” to
differentiate anomalies calculated using heights with respect to the ellipsoid from those based on
conventional elevations referenced to the geoid. An example is given to iilustrate this point.

(LaFehr, T. R., 1991a, standardization in gravity reduction: Geophysics, 56, 1170-1178.

LaFehr, T. R, 1991b, An exact solution for the gravity curvature (Bullard B) correction:
Geophysics, 56, 1179-1184

LaFehr T. R, 1998, On Talwani’s “Errors in the total Bouguer reduction”: Geophysics, 63, 1131-
1136)



CHAPTER ONE: Introduction

1.1 Background of the Study

’ ¥ were formalized in the 19205 and 1930s, These procedures were
dictated b‘y the accuracy requirements of the gravity surveys, survey objectives and limitations in
computational power, terrain databases and absolute gravity accuracies. Surveys were of a local

. it ¥ it
ature permitting numerous simplifying assumptions in the procedures that minimized the
computational requirements,

Despite the simplifying assumptions, these procedures, with einimal modification continue 1o be
used in local surveys for a variety of explorations that require high accuracy. As more accurate
gravity anomalies have become of interest, modifications to reduction procedures have been
investigated (e.g., Oliver and Hinze,1986;LaFehr,1991a,b,1998; Chapin,1996a; Talwani,1998; Li
and Gotze, 2001) and implemented on a limited basis but they have not been used generally for
national gravity darabases. These investigations were basically triggered due to the availability of
improved terrain and geoid databases, enhanced computational power and increased use of global

position system (GPS) technology to establish locations and heights of gravity swtions,

The revised methodologies used in preparing the principal facts of the gravity observations and
corrections of the data to gravity anomalies are based on internationally accepted procedures,
protocols, equations, and parameters but in several respects differ significantly from the standard

procedures described in most textbooks and used in many databases.

The gravitational field of the earth varies from one part of the earth to another. The field varies in

a regular way with higher values at the pole
is variation i 1 comp
This variation is regarded as the norma
: ed from the gravitational feld, an anomalous field remains that depend on the morphology
is removed from the ,
of the surface, structural features within the
'y

; Hansen,
: and Reeves, 1985; _ i
(LaFehr, 1980, Paterson . data processing techniques, and methods of interpretation and
rations, pro

1

s and decreases in value towards the equatorial belt.

onent of the gravity field. If this normal component

earth and variations in densities. Earlier reviews

2001) document the continuous evolution of

instruments, field ope!
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l-eferl'ed to Unp\lblished works to
hel i
gravity methods, P Provide an accurate understanding of the usefulness of

meters, underwater gravi ’
ty meters, shipbome and airborne gravity meters, borehole gravity meters,

gradiometers) has enabled the acquisition

TSt " boreholes and mine shafts in the shallow
s Crust, to the undulating land Surface, the sea bottom and surface, in the air, and even to the

moon and other planets in our solar system. This has required a similar progression in improved
methods for correcting for unwanted effects (temain, tidal, drift, elevation, and motion-induced)

and the parallel introduction of increased precision in positioning data acquisition.

modern versions of absolute gravity meters, and gravit
: ity

of gravity data in nearly all environments from inside
earth’

The fundamentals of interpretation are the same today as they were 25 years ago, but the advent
of GPS and the era of small, powerful computers have revolutionized the Spesd and utility of the
gravity method. Over the past decades, software has evolved from running on mainframes to Unix-
based workstations and has now migrated to personal computers. With the availability of software
nmning on laptop computers, data are acquired automatically and even processed and interpreted
routinely in the field during data acquisition. There is therefore a great need for a deeper

understanding of gravity data corrections so as to ensure an increase in accuracy as well as speed.

12  Statement of the Problem
The bulk of the corrections carried out are not carefully understood nor applied hence, affecting

greatly the anomaly field database. This research work seeks to examine these corrections in detail

to minimize possible errors Or oversight as the case may be.

13 Aim of the Study
The sole aim of this work is to explorefrevise in great detail the various processes involved in
sole aim of thi

effectively correcting gravity data.

L4 Objectives

i follows;
The objectives of this Project work &7 25

gravity corrections

a) To explore TEMPORAL based X



i

B SRS

o

b) To explore SPATIAL based gravity corrections.
) Toapply (a) and (b) to a tegt example.

15  Scopeand Limitation of the Study

This research work shall cover a review of the corrections applied to gravity data and the
procedures leading up to acquiring a total gravity anomaly field without going deep into
interpretation.

1.6 Definition of Terms

Base Station: An observation point used in geophysical surveys as a reference to which

measurements at additional points can be compared.

Gravimetry: the measurement of gravity or gravitational acceleration especially as used in

geophysics.

Altimeter: an instrument usually an aneroid barometer that measures atmospheric pressore and
changes determining height above ground or any other reference datum based on the fall of

atmospheric pressure accompanying an increase in altitude.

Gals: the Gal (for Galileo) is the cgs unit for accelerasion .one Gal is equal to one centimeter per

second squared. (}cm/s?)

Milligals: one milligal is one thousandth of 1 Gal because variations in gravity are very small,

units for gravity surveys are generally in Milligals (mgal).
Anomaly: a variation from what would normally be expected at that point.

Loop: a pattero of field observation that begins and ends at the same point with a number of

intervening measurements. Such a pattern is useful in correcting for drift in gravimeter
observations altimeter.

Drift: a gradual change in the gravimeter reading caused by the gravitational attraction of the moon

and the earth.



Profile: a graph or drawing that shows the variations of one property usually as ordinate with
srespect to another property.

Observed Gravity: gravity readings observed at each gravity station after corrections have been
applied for instrument drift and earth tides.

Bouguer Correction: gravity effect of the mass of the easth between the vertical datum and the
observation site.



| CHAPTER TWO: Literature Review
2.1  Principles of Gravity Survey

Gravity survey is the me 0
N f interest. The e iiaighte gravitationa) field at a series of different locations over
an area of interest. factin ey .
objective in exploration work is to associate Vvariations with differences in

sotributi o
the distribution of densities and hence, rock types. Gravity survey also measures the small

variations in the pull of gravity over the earth’s surface and makes a map of profiles of these
changes depending on the volume and layout of data acquired. This helps geologists/geophysicists
understand where the dense and light rocks are beneath the surface, The goal of gravity survey is
to locate and describe subsurface structures from the gravity effect caused by their anomalous

densities. Most commonly, gravimeter measurements are made at a network of stations spaced
according to the purpose of the survey.

In environmental studies, a detailed high-resolution investigation of the gravity expression of a
small area requires small distances of a few meters between measurement stations. In regional
gravity surveys as used for the definition of hidden structures of prospective commercial interest,
the distance between stations maybe several lilometers .if an area surveyed is not so large, a
suitable site is selected as base station (or reference station) and the gravity differences betweea
the surveyed sites and this site are measured . In a gravity survey ona national scale, the gravity

differences maybe determine relative to a site where the absolute value of gravity is known.

22  Gravity Field of the Earth

Gravity method is governed or built on a well-known law of elementary physics-the Newton law
of universal gravitation which states that the mutual force (F) of attraction between two particles
or bodies is directly proportional to the product of their masses (M) and inversely proportional to

the square of their distance apart.
Thus,

Where G is a constant of propoﬂionality (the gravitational constant)



- :
M! and M? are particle masseg and “r s th
€ center-center distance between the particles.
Newton’s second law of motjon ;
motion is also used to estab)

lish other expressions such as the relation
. between force, F, mass, m, '

and acceleration, 3, {F=ma}

th i i ;
ieCau:c ) efe.anh 1S approxXimately spherical and because the mass of the sphere can be treated as
all of it ;
0:8 ; it were cfmcentrated ata point to the center, any object with mass Mo, resting on the
surface of the earth will be attracted to the earth, If the object s lifted a short distance above the

earth and allowed to fall, it will do so witha gravitational acceleration “g” given by

Where M. is the mass of the earth and “g” is the acceleration which is a function of both
the mass of the earth M. and the distance R w its center.

Most gravity variations associated with geologic bodies in the outer several kilometers of the
earth’s crust are measured in mGals. The maximum gravity difference between the earth’s normal
field and that actually observed on the surface and corrected for lasitude and altitude is of the order
of several hundred mGals. This difference known as the gravity anomaly reflects lateral density
variations in rocks extending to a depth of several tens of kilometers. In the real sense, acceleration
due to gravity described in equation (2.2) is not the total magnitude of gravity. The other
component is the normalized centrifugal force due to rotation of the earth about its polar axis. The

total gravity field of the earth is therefore the resultant of gravitational force and centrifugal force

per unit mass.

23  Measurement of Gravity
There are basically two types of gravity measurements:

Absolute Gravity: this corresponds to the determination of the absolute magnitude of gravity at
ity: . g
any place. In this case, the value of gravity if found is the value 2t hat pofin on Wit DOR
ace. ) A 2
p e i, The absolute measurement of gravity is usually carried out

to i lue at an g .
the gravity valu y f a swinging pendulum or of a falling weight. The

x i

at a fixed jnstallation by the accurate timt .

; £ the absolute value of gravity is difficult and requires complex apparatus and a
measurement of the

6



two (2) methods: Y- The absolute gravity value can be determined using

i. Swinging penduly % .
@ method: 2 simple pendulum consisting of a heavy weight is
attached to a movabj 1. A SUF wire metal or quartz rod about 50cm long is
val :

¢ mass. The period of the pendulum is measured for oscillations about

one of the pi :
pivot, the distance (D between the pivots is then measured accurately. The

absolut ityi
solute gravity Is then calcufated from the refation g= 4:_:1 \fietniahe acoeieratlon

due to gravity, 1is the length of the wire and T is the period of oscillation

ii.  Falling body method: the principle of this method involves timing the fall of a drop of
body fluid of known size through a definite distance in a mixture of non-miscible fluids.
This mixture of low viscosity and specific gravity is then gotten by adjusting the
proportions of the fluids.

This methods are used are used to determine the absolute values of gravity at a network of
worldwide sites such as the national geophysical laboratory in UK or National Bureau of Standards
in USA. [International Gravity Standardization Network, 1971, IGSN71].

Relative Gravity: the relative measure of gravity is the difference of gravity between locations,
it's simpler and is the standard procedure in gravity surveying. Basically, all regional and small
scale gravity surveys adapts this method ,measuring differences in the gravitational acceleration

with reference from a Base station of already existing absolute gravity values.

2.4  Data Acquisition

In order to detect a target (a dense body or fault), gravity readings must be taken along traverses

that cross the location of the targets. Its expected size will determine the distance between readings

+ station separations for large targets and small separations for smaller

or station spacing with large ; :
odel the expected anomaly mathematically before conducting field

targets, (It is advisable to m
work. from this, along with th

anomaly size and the required stat

4 .
e expected instrument accuracy, an estimate can be made of the

{on spacing].



Surveys are conducted by taking Bravity readings gt re,
the expected location of the targey, However, in order
instrument, one station (a lgcal base Station) must be
to 1 hour or o (depending on the R an o
instrument. These repeated readings are performed b
bave their readings drift with time due to elastic cre

gular intervals along a traverse that crosses
to take into account the expected drift of the
located and has to be reoccupied every half
aracteristics) to obtain the natural drift of the

s ep within the meter’s springs and also to help
remove the gravitational effects of the earth tides readings have to be taken at a base station. The

instrument drift is usually linear and less than 0.01 mgal/hour under normal operating conditions.

Since gravity decreases as elevation increases, the elevation of each station has to be measured
with an error of no more than about 3 cm. Readings are taken by placing the instnmment on the
ground and levelling it. This may be automatic with some instruments. In 2ddition to obtaining a
gravity reading, a horizontal position and the elevation of the gravity station must be obtained. The
horizontal position could be either latitude and longitude or the x and y distances (meters or feet)
from a predetermined origin. The required elevation accuracy for detailed surveys is between 0.004
and 0.2 m and to obtain such accuracy requires performing either an electronic distance meter

(theodolite) survey or a total-field differentially corrected globat positioning survey (GPS).
Gravity data acquisition can be done over different platforms...

i Land Operations
ii.  Underwater Operations
iii.  Sea-Surface Operations
iv.  Airborne Operations
v.  Satellite-derived Gravity
y of the earth surface. The differences in

The basic concept is to get the variation of gravit

preference of an acquisition platform varies largely from speed to geologic environment to
eference

convenience. Each platform has its diskinct advantage over others.

25  Gravity Instrumentation L
: eter measures the variations in the earth's gravitational field. The
' e 2 TR )
T e latera) changes in the density of the subsurface rocks in the vicinity
e to la

Variations in gravity are du .



uring point. : :

of the measuring point. Because the density variations are very small and uniform, the gravimeters
have to be very Sensitive so as to measure one part in 100 million of the earth’s gravity field (980
gals or 980,000 mGals) in units of mGals or microgals. Gravity sensors fall into one of two

categories; absolute or relative gravity sensors.

Fig 2.2: side view of 2 modern gravimeter



A relative ; sures the difference in gravity between successive
V€ instrumen g all that is

measurements. In general, absolye gravity

measurements.
usually required for most exploration

instruments are ¢ ically far more expensi ch
bigger, take much longer 1o make a high ypicatly Xpensive, mu

d d skill precision measurement, and usually require more
knowledge and skill 10 use than do relaive gravity instruments

he historical advan i ity
T cement of gravity instrumentation has been driven by a combination of

increased precision. i
increased p reduced time for each measurement, increased portability, and by a desire for

ion
automation and ease of use. There have been hundreds of different designs of gravity sensors

proposed or built since the first gravity measurements were made. Given the relative size and

importance of gravity exploration compared 1o seismic exploration, it is impressive to realize that
there are about 40 different commercially available gravity sensors (Chapin, 1998) and about 30

different gravity sensor designs that have either been proposed or are currently under development.

Even so. there are only four general types of gravity sensors that have been widely used for ground
based exploration at different times. They are the pendulum, the free-fall gravimeter, the torsion

balance. and the spring gravimeter.

2.5.1 Pendulums

For more than 2 millennia. the widely accepted theory of gravity was described by Aristotle (384

~ 322 B.C.) such that the velocity of a freely falling body is proportional to its weight. Then in

1604 Galileo Galilei, using inclined planes and pendujums. discovered that free fall is a uniformly

increasing acceleration independent of mass. In 1656 Christian Huygens developed the first

pendulum clock and showed thata simple pendulum can be used 10 measure fabsoFule gravity. In
order 1o make an ahsolute measure of 2103 specified precision. the moment of inenia (1). the r'nlass‘
the length (h), and the period of the pendulum must be known to the sanlle degrej of PI'eClSIOI'.I.
where the desired precision is better than one part in a million. Even well into the 20th centlury n
e to measure h or | with any great precision. Consequently. using a

asurement gave precisions 0
et precision relative instrument by measuring the

was virtually impossibl n the order of about 1 Gal. But itis

pendulum to make an absolute M€

. ch hi
easier 10 use a pendulum as a My

10



difference in gravity between BTt
usin|

thenext 160 years as scientjsts began Eaier 8 the same pendujum. This siethodwds e
g

€ posikon dependency of gravity around the earth,
252 Free-fall gravimeter

Free

involves measuri i y
involves nn% the time of flight of 2 falling body over a measured distance and bock the
measurements of time and distance are tied directly to inmﬁom“y accepted Standards. The

A i i
method requires a very precise measure of 2 short time period, which only became possible with

the introduction of the quartz clock in 1950°s. The first free-fall instruments used a white light

Michelson interferometer, a photographic recording System, a quartz clock, and the falling body

was typically a 1 m-long rod made of quartz, steel, or invar, which was dropped over several

meters. The final value of gravity was obtained by averaging over many drops, typically 10 to 160,
253 Torsion balance

Starting in 1918 and up to about 1940, the torsion balance gravity gradiometer, developed by Baron
Roland van E6tvds in 1896, saw extensive use in oil exploration. It was first used for oil
prospecting by Schweydar (191 8) over a salt dome in northem Germany and then in 1922 over the
Spindle-Top salt dome in east Texas. By 1930 about 125 of these instruments were in use in oil
exploration world-wide. The torsion balance is used to measure the gradients of gravity and
differential curvature. It was capable of detecting gravity differences on the order of 1 mGal and
took about one hour to make a measurement. Two equal masses, about 30 grams each are located

at different heights with a vertical separation of about 50 cm. One of the masses is attached to one

end of a rigid bar, about 40 cm-long, and the other mass is suspended from the other end of the

rigid bar by a fiber. The rigid bar is sus
1 to measure the rotation of a light beam. The balance bar rotates

pended at its center of mass by a torsion fiber with a small
mirror attached to the fiber in orde
rce acts on the two masses, which happens when the earth’s
ood of the balance s distorted by mass differences at depth such
different from that at the other mass. The

when a differential horizontal fo

gravitational field in the neighborh .
gravity at one mass 18
e to terrain and could only be used in relatively flat areas. These

f spring gravity meters,

that the horizontal component of
torsion palance was very sensitiV

. o
instruments became obsolete with the development

11



254 Springgravimeters

Spring gravimeters measure the i
. ) change in 1he equilibrium position of a proof mass due to th
change in the gravity field between differen s ook

instruments use an elastic spri " gravity stations. The vast majority of these
PR restoring force, but sometimes a torsion wire is used.

Hershel first ; ;
Joh:l930 T proposed using a SPring balance to measure gravity in 1833, Butit was not unsil
s whe ; ]
the n demands of oi] exploration, which required that large areas be surveyed quickly,

and advances in material scj i
erial science permitted the development of a practical spring gravimeter. The

simplest design is the straight-line 8ravimeter, which consists of a proof mass hung on the end of

a vertical spring and is a relatively insensitive devise. Straight-line gravimeters are used primarily
as marine meters. The first successful straight-line marine gravimeter was developed by A. Graf
in 1938 (Graf, 1958) and was manufactured by Askania. LaCoste and Romberg (I&R) also
manufactured a few straight-line marine gravimeters.

In order to obtain higher resolution required for land gravimetry, a more sophisticated spring
balance system involving a mass on the end of a lever arm with an inclined spring was developed.
The added mechanical advantage of the lever arm can increase sensitivity by a factor of up to 2000.
The key to the L&R sensor was the zero length spring, invented by LaCoste (LaCoste, 1934). The
zero length spring made relative gravity meters much easier to make, to calibrate and to use
(LaCoste, 1988). The L&R gravity sensor can make routine relative gravity measurements to an

accuracy of about 20 pGals without corrections for instrumental errors (Valliant, 1991) and, when

great care is taken in correcting for both instrumental and external errors, down to 1-5 pGal in the

field and 0.2 pGal in a laboratory (Ander et al, 1999).

2.6  Application of Gravity Survey
a wide range of scales and for awide range of purposes. On an

Gravity measurements are used at @ )
e field is critical to understanding the nature

i vit
interstellar scale, understanding the shape of the gra y'
<e. On an exploration scale,

of i bric of the univer
e pacé (ime fo and even at the reservoir scale for hydrocarbon development.

gravity has been widely used for

both mining and oil exploration,

i ¢ the most effective means for mapping the subsurface geology. Itis

The gravity method is one © \ types which are Dot distinguishable by virtue of their
C

particularly useful in differentiating O =



etic and electrical properti
- magh Perties. In petroleum exploration, gravimetric surveys are second in

{pportance only 10 seismic surveys, The
5 Y are commonly em . R
= . ployed on a regional basis in advance
for seismic programs. Gravity me; =
thod can often map the distribution of massive sulphide base

deposits in a reasonably dj :
! 2bly direct fashion (seigal, 1995) because of the relatively high density

| qetallic sulphides. The mappi
' apping of subsurface cavities of either natural or manmade origins is

. m H .
jmportant fr.o a g!fo!echmc&l standpoint because the gravity method can determine their location
and approximate dimensions,

Oo the reservoir scale, borehole gravity meters (BHGM) have been used extensively to detect
porosity behind pipes or to measure more accurate bulk density for petrophysical uses.

The use of gravity rapidly expanded in both mining and hydrocarbon exploration for any targets
for which there was a density contrast at depth, such as salt domes, ore bodies, structure, and
regional geology. The gravity method is sometimes applied to specialized shallow applications,
including archeology and detecting shallow mine adits and faults in advance of bousing

developments.

13
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CHAPTER 1
HREE; -
31 Materials Materials and Methods

3.1.1 Treatment and analysis of gravity dat
ata

What has ¢ i .
yea'rs hafnged is the speed with which the computations canbe done. In the late 1950’s,
Heiskanen and Meinesz (1958) maintained that barely more than one rough-mountain station a

can be red
day uced by one computer. In 1958 a “computer” was an individual having this job title.

Today, with digital terrain data and electronic computers, full terrain and isostatic corrections can

be done in seconds.

The reduction of gravity data proceeds from simple meter corrections to corrections that rely on
increasingly sophisticated earth models. Important details of the reduction equations continue to
be refined and debated (LaFehr, 1991a, 1991b, 1998; Chapin, 1996; Talwani, 1998).

3.1.2 Data planes and the mean sea level

The geographic coordinates of gravity observation sites are given in units of degrees of longitude
and latitude except for stations of local surveys in which the earth is assumed to be flat and

horizontal distances between observations are measured in Cartesian coordinates. Traditionally,
n) sea level because surface elevations

s a difference of 1100 m in the height

the vertical datum for gravity stations is the geoid or (mea

are given with respect to sea level. However, globally therei
between the geoid and the ellipsoid, Which is the basis ofthe theorerical gravityTeaveidSreess

arising from varying regional or national horizontal datums, the International Terrestrial Reference
Frame (ITRF), in conjunction with the 1980 Geodetic Reference System (GRS80) has proposed

: datum. On aglo

the ID as a horizontal . . i

" use of the l':'.LLPSOf Ly context of locating gravity stations, the differences
errors in position of up to ’

th Jizations of the 1984 world Geodetic System (WGS84) and the [TRF are
betvwgen the recent reali

fegligible.

bal basis, use of local datums may lead
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Topography

h -
Orthometric Ellipsoidal Height Geoid
Height from GPS Helght

Fig 3.1: Geophysical reference datum.

TheWGS84 datum is used in specifying horizontal location in the GPS, and the ITRF is the
coordinate system for satellite altimetry-derived gravity data sets over the oceans. The precise
WGS84 coordinates agree with the internationally accepted ITRF coordinates within 10 cm. there
is a long wavelength error in the current procedures that is largely eliminated by using the height
relative to the GRS80 ellipsoid rather than to (mean) sea level. Ingravity corrections and gravity
vation has been used routinely. The main reason is that, before the emergence

of the Global Positioning System (GPS), height above the geoid was the only

anomalies, the ele
and widespread use

height measurement We could make accurately (e .
the ellipsoid height rather than the mean sea level height

by leveling). The GPS delivers a measurement

of height above the ellipsoid. In principle;

should be used because a combination of the

; < oht correction is desigm .
Gravity Formula and the heigh als and petroleum exploration, use -

ellipsoid of revolution. In practice; for mine! i
- oid height hardly introduces Sight
rather than the eliipsoid Neig +h. The ellipsoid height is the sum of the elevation

eoid is very smoo! e
: ght relativeto the ellipsoid.

latitude correction estimated by the International
ed to remove the gravity effects due to an

investigation because the

relative to the geoid (ms!) 2nd the geoid he!
15




: 32 Methods

32.1 Corrections to gravity ga¢q

field observations are processed to miniin; th e
1Ze these extran i
cous effects. This conversion procedur
e

is commonly referred to as .
correction or reduction of the gravity data. Correction does not imply

that errors are present in th .
P the data, and reduction does not suggest that the data are reduced to a

common vertical datum; but
3 both termns refer to the conversion of raw gravity observations to

fi i : ;

:‘:0::30[::‘1 :uira::L::’::ﬂ:f lsh:hest::?'erence between the observed gravity and the modeled

. on. The observed value is a conversion of the raw
gravimeter measurement to the absolute gravity at the station, corrected for temporal variations
using ties to stations of known gravity; the modeled or theoretical value of gravity at a station tekes
into account planetary and topographical gravitational effects. These corrections are basically
divided into TEMPORAL and SPATIAL based corrections.
Temporal based variations are changes in the observed variation that are time dependent. These
factors cause variations in acceleration that would be observed even if the measuring instrument
is not moved. Spatial or space based variations are changes in acceleration that are space
dependent. The factors responsible for spatial variations range from elevations, topography, etc.

Basic data reduction requires knowledge of the station location, measurement time, the meter

constant and theoretical gravity.

322 Instrumenta) drift

e observed acceleration due to changes in the response of the gravimeter

the spring, though temperature and pressure
known as drift and has to be corrected

These are changes in th
sed by the slow creep of

ontribute to it- The effect is

. - o
for. The correction is often made by starting and finishing a

overtime. This is mainly cau

changes have been shown to ©
e of observations at the same point

surements Were taken. The dsift which is usually positive is

having noted the time at which all mea:
the di the last and firs .
o ing the cOWs® of a single da

. . and dur
fate varies a little from day to day o ry few houss is necessary
base station

onal to time. Basically, the drift

tobservations. It is proporti
y. The first step in drift

ase station reoccupation eve
correction is a retum to the
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IGSN7I-base

Basc 2

Basc 3

Gravity explotation ava

Fig 3.2: base station reoccupation during data acquisition.

The mathematical model often used is derived from simple linear drift assumptions. For a linear
drift condition, the drift rate, b is given by

P=gagil 2ty

Where g, and g, are the observed gravity readings for the last and first stations and ty, t2 the

corresponding times of the stations respectively.

323 Tidaleffect
at the same location will vary with

In additional to instrument drift, gravity measurements made
time due to tidal effects. This is dominantly due to the gravitational pull of the sun and moon. The
‘ nd removed from the measured gravity data.

o redicted accurately a
gnitude can generally be p taken together. Fig 3.3 is a typical drift curve

Drift and tidal corrections are usually combined and

combined with the tidal effect.
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Fig 3.3 drift and tidal effect curve.

3,2.4 Elevation correction

Historically, the elevation or height correction is called the free-air correction and is based on the
elevation above the geoid or the mean sea level. The free-air reduction accounts for gravity
observations not made on the vertical datum surface. This is accounted for using the vertical
gravity gradient as if the observation were made in free-air a distance H above or below the vertical
danum surface. It is essentially a correction to the observed gravity for the inversediswnce-squared
decay of gravity on movingaway from the Earth. The lincar approximation, based upon a spherical

2, . .
Earth model is often expressed as FAC = ——?gH where g is the mean gravity on an assumed

spherical Earth of radius R, The frequently adopted numerical value of the free-air gradient is

3.086pum/sec?/m. (Telford, etc. 1990).The free-
surface and subtracted for those below.

air reduction is added to observed gravity for

observasions above the vertical datumn

The spherica] approximation is however considered inadequate because the figure of the earth is

ate ellipsoid. Therefore, a second order correction based

bl
more accurately represented by a0 ® . _ 4
i y rep e vity above the earth, is used. This second-order free-air

upon a Taylor expansion g

g 39 y2
2000 +f+m—2fs:n2)H—7H :
1995) as: 89F =7 a
n Featherstone (

reduction is derived i
ilipsoi is the geodetic parameter,
Where trical flattening of the mean Earth llipsoid, and m is the geodcticp
fis the geometrica .
: trifugal
which is the ratio of gravitationd! and cen

and
IAG OR WG5S
latitude correction as given bytheIGF: v

forces at the equator- § is normal gravity or




o )
f: a 2’ Gm a and b
‘ are the sery; major and "
", and semi minor axis of the ellipsoid

physical and geometrical constants reqyired o
Sownin table 3.1 compute second-order free-air reduction are as

Table 3.1 physica 5
physical and Beometrical constants for P a e duciiad

W@T!S:;T‘—‘

m) |6 P —
a(m) | 6378160 6378137

F 0.00335292371299 0.00335281068118
M 0.00344980143430 | 0.00344978600308

The difference between the linear and second order free-air reductions reaches a maximum of -

4.986pm/sec? at H~ 8848m and a latitude of 6=27°58°,

325 Bouguer correction

The simple bouguer correction accounts for the gravitational attraction of the layer of the earth
between the vertical datum (mean sea level) and the station. This correction in milligals
traditionally is calculated assuming the earth between the vertical datum and the station can be
tepresented by an infinite horizontal slab given by:

Bc = 2nGph
10 A —11 m¥kg/s? h, is height to a

Where G is the gravitational constant given a5 6.67310.001 X "
density and is dependent on the material making upthe spherical cap. In

determined by the density of the geological materials between the
s

ontinental databases, a mean density is used

reference datum, p is the

local surveys, this value i d
jonal and €
| datum. In regiona
2670kg/m? for the solid earth, 1027k for sea water, 1000kg/m*
y
3 for ice. The simple

al to the station € :
0 terms for the gravity effect of the spherical. o0 {8 TS
erm

¢ solution for the curvature corection (LaFehr,

swrvey and the local vertica
for the spherical cap, typicall
for fresh water and 917 kg/m
Spherical cap having a thickn
Curvature correction, adds the remaining

i . ation of an exac
heoretical gravity. Recent publication i

Bouguer slab is only a first approximation to a

Jevation and the standard density. The




e ' curvature of the earth, the horizontaj slab equation is
. oftnula for a spherical cap of radius 166.7lm. That is,a gbc =
2 : P Where  and 4 are dimensjonjess coeflicients defined by LaFehr (1991), R is the
- radius of the earth (Ro + ) at the station where Ro is the mean radius of the earth.

aced by the closed-

terrain-correct; q
3 ed Bouguer anomaly s called a complete Bouguer anomaly, where the terrain

represents the deviations from the uniform slab of the simple Bouguer correction and the spherical
cap of the curvature correction. An excess of mass due to terrain above the station reduces the
observed gravity as does a deficiency of mass due to terrain below the station. An exception occurs
when airborne gravity is being reduced to the level of the ground surface (as opposed to the flight

surface). In this case terrain corrections can have either sign in rough topography.
3.2.6 Terrain correction

The terrain correction accounts for variation in the observed gravitational acceleration caused by
variations in topography near each observation point. An excess of mass resulting from terrain
abovethe station reduces the observed gravity as does a deficiency of mass resulting from serrain
below the station. The application of terrain corrections to gravity data minimizes rugged
topographic effects that may cause errors in the gravity anomalies of tens of milligals. Efficient
and effective use of these corrections requires comprehensive digital elevation models and
computational power that is only now becoming generally available. In rough topography, the
magpitude of terrain corrections can exceed 10 mGal, and their accuracy is limited by the ability
to estimate inner zone terrain corrections precisely in the field and the quality of the digitel
elevation model, Generally, a single density is used for terrain corrections. Methods using variable

surface density models have been proposed by Vajk (1956) and Grant and Elsaharty (1962).

3.2.7 Eé&tvos correction

The aftraction of the carth at a point fixed with respect to the carth is reduced by thefcary
force related to the earth’s rotation. This implies that the angular .Ve"’c“y of an obser ve,r TRV
east is always greater than for an obsefver femaining stationary With respect to deeatiestts

i i ightly increased for an observer moving in a
itati ttraction Will be slight
and consequently , gravwmonal al
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=

- ge=7.503vcosidsina + 0.004154,2

vis in lnots, g
Where in #aots, a Heading with Tespect to true north, A s the latitude, g, is in mgal.
Edtvo! i s
The vOs correction can reach Significant magnitudes in applications involving moving
platforms. Errors in heading or velocity can produce errors in the reduced gravity measwements
that are similar in magnitude to anomalies caused by typical crustal sources. The often neglected

EbtvOs correction is the limiting factor in the precision of shipbome and airborne surveys.
3.2.8 Isostatic correction

The isostatic compensation correction is the gravity effect derived from a geologic model based
on the theory of isostasy that regional topographic variations are compensated by density changes
of the lithosphere such that at some depth, the earth is in hydrostatic equilibrium. As a result of
isostasy, a strong inverse correlation exists between regional terrain and Bouguer gravity
anomalies. To minimize the effect of these regional subsurface variations on anomalies, their
gravitational response is modeled with the simplifying assumption that crustal thickness varies
directly with local topography. This isostatic compensation correction is calculated in a manner
similar to the terrain effect using the Airy-Heiskanen model (Heiskanen and Vening Meinesz,

1958)

3.2.9 Latitude correction

The Jatitude correction is intended t0 eliminate the centrifugal acceleration that affects observed

gravity, and which is a function of latitude. It also accounts for the oblate elliptical shape of the
avity, an

Earth (fig 3.4). The latitud -
(IGF), whose conssants are pased upon the mean Earth e

s [AG). This mean Earth ellipsoid is chosen such thatits defining physical
Association of Geodesy ( l'oscly model those of the Earth {Chovitz, 1981). The most recent
eters Cl

e correction is usually calculated from an international gravity formula
llipsoid adopted by the International

and geometrical para™
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Fig. 3.4 shape of the earth.

Geodeticreference system formulae refer to theoretical estimates of the earth’s shape. From these
estimate, the international gravity formulae is obtained amongst several others over the years. The
first intenationally accepted IGF was that of 1930 given as gb =9.78049(1+
0.0053024sin?A — 0.0000059sin?2A). This was found to be in error by about 13mgals. With the
advent of satellite technology, much improved values were obtaiged. This was followed by the

1967 reference formula as

90 = 978031846(1 + 0.0053024sin21 — 0.0000058sin21)............... 31

Where A is the latitude.
The international adapted reference System of 1980 leading to the world geodetic system 1984

(WGS84) is given as

00193195135639sin11 )

im?
80 = 9.7803267714(1 + F=5o0eeosaro013sin A
d fiom the observed gravity data and thus correcting for

This reference formula is subtracte

variation of gravity with latitude.
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: Anomalies are the difference between the p,
served ngity,

' for temporal and spatial variation,
S, and the modeled
or t

' 32.10 Gravity anomalies

typically its absolute value corrected

abservation Different types el heoretical gravity at the site of the

B ot ot the staion 5 tes reflect variations in the components used in defining the

. Free-air anomal;

. €s are measurements or observed gravity value:

corrected for free-air, terraj 0 i O
ain and latitude variations, Free-air anomaly is mathematically expressed

as

AgFA = i ;
9 observed gravity ~ lattitude + free air correction........ (33)
ouguer an i i
Bouguer anomalies are simply measurements corrected for free-air, Bouguer slab, terrain, isostatic
andlatitude. It is expressed as

AgBA = lattitude correction + free air correction + bouguer correction +

terrain correction + isostatic correction............ 34)

3.2.11 Regional —residual gravity separation

This is a common first step in data processing /interpretation. Anomalies of interest are commonly
superposed on a regional field caused by sources larger than the scale of study or too deep to be of
interest. Historically this problem was approached along two lines by cither using a simple
graphical approach (selecting manually data poinis to represent a smooth regional field) or by
ematical tools to obtain the regional field. Many of the historical methods are

using various math

still in common use today. The graphical approach initially was limited to analyzing profile data
and 1o 3 lesser cxtent, gridded data. The earliest nongraphic approach used a regional field defined
as the average of field values over a circle of a given radius with the residual being the difference
between the observed value at the center of the circle and this average. (Guiffin 1949) Henderson

hat suc
d7i d Roy (1958) showed t i
and Zietz (1949) and Roy a constant factor but had the advantage of being able to

h averaging was equivalent to calculating the

second vertical derivative except for

i ce been proposed with acclaimed criticism
. methOdS have since
malies. Several

identify smaller ano
by various carth scientis

appropriate statistical geol

It seems that significantly better results can be obtained by using
ts'crgical models rather than by attempting to adjust band-pas‘s ﬂl'ters
parameters manually as Proposed by many- There is no single right answer forhow to it
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 one’s target of interest via Regio
nalipa
E 1 810nal-Residua) separation methods. Its mai .
that it gives a regional component of the n s. Its major advantage however is
avity

separation. field similar to the one obtained from a graphical

33 Test Example

Some data collected alo, "

O e orotile who 'l\g .a nOITh-sough Sravity profile with distances measured fiom the south
se latitude is 51°12°24"N was as shown in Table 3.2. The lacoste-Ramberg

during and after the survey, readings weretakenata

station, BS il
g where the value of g avity is 981144.22 mGal. This was done in order to monitor

gravimeter was used for the survey. Before

i ntal dni
instrumental drift and to allow the absolute value of gravity to be determined at each obsetvation
point.

Table 3.2: Test Example: Gravity Data Obtained

STATION [TIME DISTNCE |ELVIN  [READNG

B 805 29342

1 835 o| B8a26| 294632

2 844 200 8685 294108

3 855 a00] 8943| 293576

4 903 600] 9308 293045

1 918 2946.58

8S 940 2934.95

1 1009 2946.32

5 1024 800| 100.37] 29266

6 1033 1000] 10091| 292791

2920

7 1004 1200 10322) 2920

8 1053 1400| 107.35| 2915.16|

1 1111 2946.58

g 2935.28

5 1y o062

: 1214 110.1] 2911 52

1232 1600 1101 2>

800 11489| 2907.29

10 1242 1 "?557’?50—4

11 1300 2000 "'1%1‘8—35636'

12 1315 200, 1832

! = —’——‘{“"'ﬂ 293556
e e L —
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41 Results

CHA
PTER FOUR: RESULTS AND DISCUSSION

The gravity correction to the test example is shown in table 4.1 below. The density of 2.68g/cm®
was adopted for the bouguer comection. A series of sections illustrating the vaiation in
topography, observed gravity, free air anomaly and bouguer anomaly along the profile are drawn.

The normal or latitude dependent gravity was gotten using various latitudes and tabulated. Bouguer
and free air gravities were gotten and hence, their anomalies.
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Table 4.1: Gravity Readings Corrected For Temporal and Spatial Based Variations of GRS67

DISTANCE| ELVTN |READNG [INTER.AD| ORIFT_[OBSERVDJADIUSTED __ FAC BC FAG BG NCRMALG. FA BA
29342 | 29342 0 ]o81144.2[ 9811442 981144.22
0 8426 | 294632 | 293443 | 1189 [o81156.1] 9811562 26 946 |9811821| 98117265 | 98117655 5.56 39
200 | 8685 | 294108 | 29345 | 658 |9811%.8|98ms09] 268 975 |981177.6| 981167.85 | 981182.97 537 15.12
400 | 843 |2935.76 | 2934.59| 117 |o81145.4[981145.4] 2759 1004 | 981173 | 98116294 | 98119511 | -2213 -32.17
600 | 93.08 |2930.45 292465 | 42 | 981140 | 81140 28.72 1045 |9811687| 981158.22 | 98120683 | 3616 -46.61
294658 | 203472 | 1186 |981156.1 ] 9811562 981176.55
2934.95 | 293495 0 |s81144.2 |981244.2 981144.22
294632 | 292427 | 12.05 |981156.3] 9811562 981176.55
800 | 10037 | 2266 | 293432 | -7.72 |9811365[9811366] 3097 1127 |981167.5| 9811562 | 98121453 | -47.06
| 1000 | 10091 | 2927.91] 293434 | -6.41 |9s1137.8|981137.8] 3114 2133 | 981169 | 8115762 | 98122422 | 5527 |
3 | 1200 | 10822 | 2920 | 293437 | -1437 |s81129.9] 9811255 3185 L1159 9811617 98115011 | 9812339 222 I
= ] 1400 [ 1073 1291516 | 2934.39 | 1923 | e81125 | s81125 33.12 12.06_|9811681| 961146.05 | 98124089 | 8278 |
i | 294658 | 293444 | 12.14 |981156.4]981156.2 98117655 |
I 1 [ 293528 | 2935.28 o _ 9811442 [981144.2 [ 9mida.22 |
[ [ | [ 2946.26 ] 203426 [ 12 [98115.2[981156.2 [ 98n76.55 |
] | 1600 | 1101 | 201152 ] 2934.29 | .22.77 | 981122 | 581122 33.97 1237 |981155.9] 98114355 | 98125325 | 9733 | -1097
I | 1800 [ 11489 | 2307.29 | 2934.32 | -27.03 |s81117.2 [981117.2] 3545 12,91 |9811526| 8113973 | 98126291 | -11027 -123.18
] 11 | 1300 | 2000 | 118.96 | 2904 | 293435 | -30.35 |981113.9 |981113.9 36.71 1336 |981150.6| 98113722 | 98127256 | 12198 | .13534 |
| 12 | 1315 | 2200 | 12518 | 290056 | 2934.38 | -33.82 |981110.4[s81120.5] 3863 1406 | 081145 | 981134.97 | 98120008 | 14105 | -1ssa1 |
[ 1 T 1330 | ] [ 2946.32 [ 293a.41 | 11.91 [s8115.1[981156.22 | 8117655 | 1 1
[ Bs | 1400 | | | 293556 | 293556 | 0 | 981144.2| 9811442 1 | os114822 | | |
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4.2 Discussion

42.1 Gravity data

The separation of the two fields (regional and residual) from the observed field (bouguer gravity
anomaly plotted here) is a process that is necessarily interpretational. The rather simple way of
doing this is to visually smooth the curve in a picture of the field that is not complex. For
example, the field of Figure 4.1 is the one where the regional field is dominant and a simple 1
surface gives this field while the deviations from this surface reflects the content of the residual

field. The residual field is sloping at the rate of -0.05mGal/m.

TR

0
300 1000 1260 1D IS(0 1836 000 OB

5.1

-2

0 Simple Plane Surface

{regional field)
&
100 S
= P~ & ‘
-120
7
~i6 Observed
= field
Lo 3 distance.
t profile dis
e aly p]oﬂtd agaius!
Fig 4.1 Bouguer gravity anoma
ity data
. dures of 8rav
422 Interpretation proce nformation on structures located beneath

dely used to PTOVide i

2 ave different
R 1 nd beneath the earth’s crust havi
h] ch occur!n, a
pes w

: wi
Anomalies in gravity method are

. t
the earth’s surface. Different 1ok 1Y
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distortion of .the pattern due to some major structures (local and regional) classified generally as
local and regional bodics. The large scate geologic structures are notusually of interest in routine
exploration. The gravitational acceleration produced by these large scale features is referred to as
the regional gravity anomaly. The second contribution is causcd by small scale structures and the

gravitation due to it is referred to as the local or residual gravity anomaly.

There are many methods of regional-residual bouguer gravity anomaly separation. The methods
range from graphical estimates (visual smoothening) to mathematical estimates (polynomial

fitting, analytical continuation, wave number filtering, second vertical derivatives etc.).

There are two basic characteristics of the gravitational field which make a unique interpretation

@

impossible. The first is that the measured value of “g

station reflects the superimposed influence of many mass distribution. The attraction of relatively

and hence the reduced anomaly at any

Jocal features is often seen only as a minor distortion of the pattern due to some major structure.

Interpretation can only proceed aftcr the contributions of different bodies are isolated. This effect

is always present, but it becomes most serious in the case of geophysical prospecting, where

extremely local structures are of interest.

Th d difficulty is that gravity as 3 potential field, shares the fundamental ambiguity of
€ second difhicuity

to all pote
inverse boundary value problems common to 2% P

ntial fields. For a given distribution of
b he earth’s surface, an infinite number of mass distribution can be found

anomalies on or above the € 2

which would produce them. At firs

teness Will often rul

r depth of the sO

¢, the interpretation problem appears hopeless. However,

out whole classes of solutions and other information such
e

geological reasonab ce of the field may lead one to the most likely mass
u
as the probable density ©

distribytion.
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T

heavy basic intrusions.

For anindirect approach t ity i i
PP O gravity interpretation, the interpreter must have available a selection

forms whose attracti i
Wi € attraction can be computed, Indirect interpretation involves four steps:

i.  construction of a reasonable model
ii. ~ Computation of its gravity anomaly.
iii. Comparison of computed with observed anomaly

iv.  Alteration of model to improve correspondence of observed and calculated anomalies.

The process is thus iterative and the goodness of fit between obsetved and calculated anomalies is
gradually improved. Bodies of complex geomelry in two or three dimensions are not so simply
dealt with and in such cases it is advantageous to employ technigues which perform the iteration
automatically. The most flexible of such methods is nonlinear optimization (Al-chabi, 1972). All

variables (body points, density contrasts, and regional field) may be allowed tovary within defined

limits.
sume various simple shapes for

pted method of interpretation wasto as:
d modify them until a fit with

compute their effects at the surface an
The achieving of a fit indicated only that the selected model wasa
d the indirect method of

For many years, the acce
the source of an anomaly,
the observed field is obtained.
possible solution. This cut and &Y

interpretation. In spite of its lack of ele
y is poss
n accuracy, this procedure may b

s complete Coverage: with stations of high accuracy,

process of interpretation is often calle
gance shapes are readily available and a quick

i d anomal ible. In the case of preliminary surveys, with
comparison with the observe - Ay
d number Of unc!

observations of limite .
certain area therel

On the other hand, if in 2

it may be desirable to empl

proach. Methods have been developed in recent

e direct ap| i
Py distribution by mathematical operations on the observed
he mass 918

Years to extract information o0 t
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to gravity data,

A Forward Modeling

T e 9ty e

Cross section provided the impetus for the first use of
computers for gravity modeling. The two-dimensional sources were later modified to have a finite
strike length (Rasmussen and Pederson, 1979, Cady, 1980), and this led to publicly available
computer programs for 2%-D gravity modeling (Webring, 1985; Saltus and Blakely, 1983, 1993),
Three dimensional deasity distributions were initially modeled by Talwani and Ewing (1960)
using thin horizontal polygonal plates. Plouff (1975, 1976) showed that the use of finite thickness
horizontal plates was a practical and preferablealternative. Right rectangular prisms (Nagy, 1966)
and dipping prisms (Hjelt, 1974) remain popular for building complex density models, especially
as inexpensive computers become faster. Barvett (1976) used triangular facets to construct three-

dimensional bodies of arbitrary shape and compute their gravity anomalies, whereas Okabe (1979)
used polygonal facets.

Pasker (1972) was the first to use Fourier transforms for the calculation of 2-D and 3-D gravity

anomalies from complexly layered two-dimensional models. Because the gravity anomaly is
o

i bove all the so
. at observation surface 3 . | '
T ods can provide an alternative to spatial

urces, this approach is particularly well

; i Fourier methi
i : ne gravity data. ' .
suited to modeling marine g point mass or uniform sphere, avertical

ing si hasa
ling simple sources suc
modeling 1 mass (Blakely,1995). Blakely (1995) also

gravity fields of simple bodies in the

d main approaches for e
ical n
line mass, a horizontal line mass, of 2 . puting
ines for com

presented theory and computer SubrE e f:: :ylinder a rghtrectangular prism, a 2-D body of
. horizon ? T
spatial domain, including a Sphere. a i lager. Today forward gravity modeling is often done
ornzon -

eoretical papers and early software efforts

. h
ol section, and 3
polygonal cross . s ased on the i

i . ra
using commercial software Prog
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jo which a layered earth model havi ng speci

gassdl etal., ]993, Jessel and Valen )
13, 199¢; Jessell, 2001; Sessell and Fractal Geophysics, 2002),
fied physical properties is subjected to a deformation

folding ; i i
b 8, intrusion, and erosion. The resulting gravity field is
ased on the model of Hijelt (1974).

pistory involving tilting, faulting
computed using deformed prisms

B. Gravity Inversion

r the purpose of this revi . s
Fol purp Teview, inversion is defined as an automated numerical procedure that

consttucts a model of subsurface geology from measured data and any prior information
independent of data. Quantitative interpretation is then carried out by drawing geologic
conclusions fiom the inverted models. A model is either parameterized to describe so rce
geometry or the model is described by a distribution of a physical property, such as density contrast
or magpetic susceptibility. The development of inversion algorithms naturally followed these two
directions. Bott (1960) first attempted to invert for basin depth from gravity data by adjusting the
depth of vertical prisms through tiial and error. Danes (1960) uses a similar approach to determine
the top of salt. Oldenburg (1974) adopted Parker’s (1972) forward procedure in Fourier domain to
formulate an inversion algorithm for basin depth by applying formal inverse theory. A number of
papers followed on the same theme by extending the approach to different density-depth functions
orimposing various constraints on the basement relief (e.g., Pedersen, 1977, Basbosaet al., 1997,
Chai and Hinze, 1988; Reamer and Ferguson, 1989; Guspi, 1992).

odology has also been used extensively in inversion for base of salt in

Recently, this general meth
- d Kisabeth, 2000; Nagihara and Hall, 2001; Cheng et

g., Jorgensen an
h has also been used to inver
polygonal bodies in 2D or

), in which the versices
; y contrast as a function of position in

oil and gas exploration (e.

al, 2003). A similar approac

+ for the geometry of isolated causative

polyhydronal bodies in 3D (Pedersen,

REs by representing therm ™ of the objects are recovered as the

o en, 2001 ;
979; Moraes and Hans invert for the densit

Backus: Gilbe(tapproachtoinvenZD gravity data andguides
ackus-
models and associ

& Menichetti (1984) choose to mininuze the

unknowns. Alternatively, one may

subsurface. Green (1975) appliesthe ated weights constructed from prior

the inversion by using referenc®
Last

sative body- and Guillen and

guides the inversion by mmimizing the
information, In a similar direction,

total volume of the cau
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es are effective, they are fimieq 1,

[ recoveri :
(1998) fornnulate a generalized 3D inyes; overing only single bodies. Li and Oldenburg
ersion of gravity data by using the Tikhonov regularization

th -
upper bound are also imposed on the € Structural complexity of the madet. A lower and
ecovered density contrast to further stabilize the solution. A

and a model objective function that meagyres

smilar approach has been X
st | . extended to the inversion of gravity gradient data (Li, 2001; Zhdanov
et al, . More recentl 2 ’

Y, there have been efforts to combine the strengths of these two

~ .pproaches. Krahenbuhl and Lj
app s uhl and Li (2002, 2004) formulate the base of salt inversion as a binary
problem and Zhang et al. (2004) take a similar approach for crustal studies

Interestingly, in the last approaches the genetic algorithm (GA) has been used as the basic solver.

T i 3 . . .
his is an area of growing interest, especially when refinement of inversion is sought with
constraints by increased prior information.

C. Geologic Interpretation

Observed gravity anomalies are direct indications of lateral contrasts in density between adjacent
‘vertical columns’ of rock. These columns extend fiom the earth’s terrestrial or sea suiface to
depths ranging from say 10 meters to more than 100 k. The gravity surveying process, in fact,

measures any and allt lateral density contrasts at all depths within this cotumn of rock. Data

filteiing, enables us to isolate portions of the gravity anomaly signal that are of exploration interest.

These target signatures can then be interpreted together with ancillary geologic information to

construct a constrained shallow earth model.

32




. 3 . ‘ - Their consistent use improves the accuracy and
precision of gravity anomalies, especially in thejr long-wavelength components.

§2 Conclusion

The most significant difference in these assessment is the use of the ellipsoid as the vertical
danum sather than conventionally used sea level. This leads to minor, but measwable, differences
in the absolute values of anomalies, which may cause confusion with previous gravity data,
Thus, it is advisable to informally recognize that an anomaly calculated using the revised
procedures is termed an ellipsoidal gravity anomaly. The revised procedure is recommended for

funre gravity reductions and should be used to recalculate anomalies in existing data sets.

53 Recommendation

Since gravity method is the most effective means for mapping subsurface geology, the following
recommendations are made:

I Global Position System (GPS) should be used for height measurements cather th
: a
i ate,

he altim whose readings are not accurate.
b tjon procedures are incorporated into the s g
correc '
national re, onal data basesto improve the accuracy, coverage and geophysic
) and regi . undergraduate students in establishing Base
umlity, it is impormm to involve d

]

stations througho‘“

1. Since modified

the federation.
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