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ABSTRACT' 

In this thesis work analysis of about 2220 gi'aVity' alia 75 liuigileli6 data' colieCted ih the 'Lakes 

District of the Main Ethiopia Rift (MER), between latitudes 6.88° - 7.75° and longitudes 38.00° 

- 39.00° consisting of the Corbetti caldera is made. 

A gravity survey covering about an area of 12100 sq. kms with obselvation points of about 2220 

stations are discussed (about 50 wavity and 75 magnetic stations, were occupied during field 

work by the author of tlus thesis and Dr. Abera Alemu, advisor to tlus thesis work, wIllie the rest 

of Wavity data were obtained from the Ethiopian Institute of Geological SUlveys and the 

Geophysical Observatory of Addis Ababa University). Both the magnetic and gravity data sets 

are of senu-regional type, with station separations ranging on the average from about 1-10 kill. 

The analysis includes compilation in a standard fonnat of the recent and the previous gravity data 

sets, wluch required homogelusation to IGSN-71 datum from the previous surveys that was 

found out not available in this datum. 

The theoretical (nornml) gravity values for each stations were calculated by means of the 

international gravity fonnula (GRS-67) and all Wavity field stations are tied to the IGNS-71 

datum of the Geophysical Observatory of Addis Ababa Uluversity (whose gravity value is 
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977452. 16 mOaI). Similarly, the magnetic daia an! alr,o d.r,ffi cqll'e4t~:(or tl¥ di\lfiial v~llations: 

Results of both the gravity and magnetic surveys'll'ave' revealed sig'nwcailf achievetllehtsin 

mapping several zones of hydrothennal alterations, weak stmctural indications such as faults, 

lineaments, fi'actures, joints, etc. within the study area. The delineation of weak stmctural 

features and hydrothennal manifestations i.e. altered grounds with fumarolic activities that are 

associated with fissures, craters, fanlts and caldera rims, where tectonic stmctures give major 

access for hydrothennal fluids which in tum are favourable for economic mineral potentials like 

sulphides, epitennal gold deposits, etc. In addition, to these invaluable natural resources these 

data are also important in the mapping and location of potential geothennal zones. Both the 

gravity anomaly maps and the magnetic anomalies are found in agreement in mapping of the 

geological and stmctural trends. The distinction between the lift and the adjacent plateaus and 

the regional stmcture features were depicted fi'om the anomaly maps on the basis of the general 

shape and wavelengths ofthe anomalies. 
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CHAPTER 1 

INTRODUCTION 

1.1 LOCATION 

The Study area is located in the central pmt of the Main Ethiopia Rift (MER), between latitudes 

6.88°N-7.75°N and longitudes 38.00oE- 39.00oE (Fig. I) that encompasses an area of about 

12100 sq kms and within which the COl'betti caldera is consisted. 

The Corbetti caldera is bounded by lake Awasa to the south and lake Shalla to the north (Fig. 1), 

\\~th geographic location between latitudes 7.17°N-7.25°N and longitudes 38.30oE and 38.47°E. 

1.2. OBJECT AND OVERVIEW OF THE STUDY 

This M. Sc. research is devoted to the analysis and interpretation of about 2220 gravity and about 

75 magnetic data collected in the study area cited. The gravity data coverage inYQrporates the 

area limited by the location of the study area; willie the magnetic data is confined to the area 

limited by the location of the Corbetti caldera cited above. 

As the sUlvey is semi-recolUlaissance type, accessibility to all the stations was possible using four 

wheel dllve (with the exception to very few limited traverses that were occupied on foot). These 

data will be analysed to test the applic-ability of the methods in the study region and identification 

of subslllface geological bodies and structures with the following objectives: 
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~to compile the previous data obtained from the involved agencies like ErGS, A.A.u. and the 

data acquirecl under tillS survey with datum hOll1ogenisation, reduction and compilation in a 

standard fonnat of all the available gravity data acquired within the sUlvey area so far, i.e. a 

homogenisation to the same datum (IGSN-71 Datum) and reference system (GRS -1967). 

- to produce anomaly maps appropriate to each method, of the study area with the homogelllsed 

version of the compilecl data set. 

- to make a preliminaty qualitative interpretation fl:om the resnlting anomaly maps appropriate to 

each method in tenns of the geologic and tectOlllc features of the study region, and compare the 

results obtained with the previous works aforementionecl, i.e. interpretation of the gravity and 

magnetic anomaly pattems ( distribution, location, and orientation of the anomalies) resulting 

fi'om the compiled anomaly maps in terms of vatiations in density and susceptibility of near 

surface and sub-surface geological bodies and structural features residing beneath the study area. 

- to compare the results (gravity anomalies and anomaly maps) of the homogenised data set with 

that of its earlier version ( i.e., obtained from the agencies mentionecl and found out to be 

heterogeneous). 

- to generate the magnetic anomaly map of the area over which magnetic observations are made 

and compare the resulting magnetic anomalies with those of the corresponding gravity anomalies. 
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- to detenlline the type of geologic bodies generating the gravity and magnetic anomalies based 

upon the similarities and differences the lwo anomalies exhibit or reveal. 

The generated anomaly maps give a first hand reliable information in the disttibution, location 

and orientation of the geological stmctures of the area that is inconsistent with the field 

observations and the geological map of the area. Moreover, the compiled data is believed to 

contribute a bit to the national chaUenge in the compilation of a homogenised gravity data 

catalogue of the country. 

The thesis is organised in six chapters. The first chapter is introduction to the thesis. The second 

and third chapters discuss the previous geological and geophysical works in the study area. The 

fom1h chapter addresses the theoretical basis of gravity and magnetic methods. In the fifth 

chapter, a discussion on the field work, data reduction, assessment of the associated elTors, 

compilation of the observed anomaly maps and a qualitative description and interpretation of the 

anomalies in terms of the major geologic and tectonic struchlfes of the rift system and the 

neighbouring regions in comparison with results obtained from earlier geological and geophysical 

sUlveys as a constraint etc. is presented. The last chapter deals with conclusions and 

recolllmendations. 
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CHAPTER 2 

GEOLOGICAL AND TECTOl'.'lC REVIEW 

2.1. GEOLOGIC AND TECTONIC SETTING OF THE ETHIOPIAN RIFT SYSTEM 

The term Ethiopian Rift System is used to designate the three descrete rift segments, namely the 

Afar depression, the Main Ethiopian Rift (MER) and the Southel1l Ethiopian Rifts (SER). This 

rift system is part of the Great East Afi"ican Rift System, widely helieved to have been fonned by 

diverging lithospheric plates, active since early Tertiary times. The Great East African Rift itself is 

part of the Afro-Arabian Rift System that extends for about 6500 kill from Turkey to 

Mozambique (Mohr, 1962) 

The great mass of pre-rift volcanic rocks in Ethiopia is perceived by Ahllond (J 986) as directly 

related to the initial phase of rapid extension across the Red Sea and Gulf of Aden axes at a time 

when the Afar ti1ple jUllction was first being fOl1l1ed. He concluded that before early Miocene 

there was no recognisable Afro-Arabian dome. 

The wide-spread late Eocene uplift in the Ethio-Arabian region, indicated by rapid marine 

regression, which is considered to be the fonnation of the Eastern Rift system uplift and axial 

down-wrapping. In Ethiopia these phases were preceded and accompanied by outpouring of the 

Eocene-Oligocene trap selles fissure basalts. Uplift ofthe Ethiopian dome has been synchronous 

with the major pulses ofIate Mid-Miocene and Plio-Pleistocene age. Volcanism of intermediate 

4 



andesitic type shows some relation to uplift in time and space and to the on set of graben faulting, 

but major floorl basalt extmsions in the early Tertiary in Ethiopia were related to massive cLUstal 

warpIng along the filture lift margins (Baker et al. 1972). Mohr (1971) proposed three episodes 

of swell uplift in Ethiopia; the late Eocene, middle :tvliocene and late Pliocene-early Pleistocene. 

Di Paola and Berehe (1979) noted the occurrence of a Precamblian basement (150 III thick) at 

Kela horst, with a cover of typical Mesozoic marine sediments as a result of pre-Trappean 

tectonic movement, within the MER and close to the westemmargin. Having recognised greater 

thickness of the lithosphere along the westem margin of the rift relative to the eastelll margin 

/i'om the nature of the Quatelllaty basalts of Butajira-Silti and Bishoftu ranges and from 

magmatological differences they signifY along the eastern margin of the Ethiopian rift. 

The mid Teriiary rise of the Ethiopian dome (Mohr 1962, Baker, et al 1972) was accompanied 

by fhrther down wraping along the margins of at least 1000 III magnitude. This post-Pliocene rift, 

which associated with major graben faulting in the MER, took place in the lower and middle 

Pleistocene, and notably affect drainage patterns on the rift shoulders. 

The process of rifting was always preceded by a long peliod of uplift; in the case of younger rifts 

the uplift is related to the lise of hot, low density material from the mantle and f0l111ation of a 

transitional layer at the base of the CHISt. Development of rifts joined in a triple junction was not 

simultaneous but arose from differential rift movements initiated at difterent times - the Gulf of 

Aden in the early Miocene, the Red Sea in the late Cretaceous, the Afar in the lower Miocene or 

Oligocene, and the MER in the Pliocene or late Miocene. 111ere were periods when rifting 
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occuned in one of the rifts while the adjoining lift remained passive, example; during the early 

Mesozoic and latc Cretaceous-Pliocene (KaZlnin, 1979). 

In the upper Pliocene, voluminous fissure and central eruptions of trachyte-pantellelitic 

ignimbIites covered most of the southem Ethiopian plateau and filled the MER. The source 

situated chiefly at the lift margins, which ranges in thickness fi·om about 300 m to 500 lll. The 

thickness in the lift floor are probably greater (Mohr 1968, Baker et al. 1972). 

The inner graben on the lift floor is cut by numerous small vertical faults and open fissures. 

Flows in the late QuatemaIY minor amounts of flood basalts have emerged from some of these 

faults. The il11ler graben is also the location of dOnnaIlt silicic caldera VOlcaIlOes whose eruption 

product commonly fill the graben. 

2.2 GEOWGIC AND TECTONIC SETTING OF THE MAIN ETIDOPIAN RIFT 

Initiation of the MER was in late Tertiary times. By the Pliocene there was a shallow trough with 

a deep infilling of silicic volcanics, dominated by ignimblites originating from a center close to the 

lift margins. A major episode of uplift and graben faulting early in the pleistocene created the 

lofty escarpments of the lift margins. Subsequent tectonic fragmentation of the lift floor fonned 

the WOl~i fanlt belt, a nan·ow NNE trending fault zone disposed en-echelon along the floor, and 

uncommon to transverse faults such as those east of the Aluto volcano and Corbetti caldera. 
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Concomitant volcanism broke out on the rift floor giving rise to volcanic centers such as A1uto, 

Shalla and Corhetti. The main products are lavas and pyroclastics ranging fi'olll trachytes (0 

pantellel1tic rhyolites in composition (Lloyd, 1977, Kazmin, 1980).The 11ft floor in the Lakes 

District rift basin is occupied by Pliocene-Quatel1laIY sediments and volcanics, all but the 

youngest of which are cut by the Wonji fault belt. The rift is marked by a set of NNE-SSW 

nonnal faults. "En-echelon" arrangements, lill in rift structures, asymmetry and open tensional 

fissures are its most important tectonic features with associated volcanic activity, both fissural 

and through central vents. 

2.3 GEOLOGY OF CORBETTI AREA 

Post caldera activity around Corbetti area is represented with the birth of three recent 

peralkaline volcanoes (Urji, Chebbi and Danshe). The Corbetti caldera is elliptical in shape; 

the minor axis is about 10 km N-S and the major axis is about 18 km E-W. 

As to the geological compositions, it is within a recent volcano tectonic activities on Wonji 

fault belt, mainly composed of per alkali-silicic products, rhyolite flows, obsidians, pumice, 

ashes, ignimbrites and the same nature of basaltic lava flows and scoria. There are pre and 

post caldera sediments and recent alluvium. All volcanic formations indicate starting from 

early fOlmation of the caldera to the plio-pleistocene activities which are characteristic of 

the MER (Elias Altaye 1983). 
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The caldera comprises fissure eruptions, which were followed by a volcano-tectonic 

collapse. The volcanoes are all at a fUlllarolic stage. UIji and Danshe volcanoes are formed 

of pyroclastics which are represented by pumice flows and pumice falls; on the eastern side 

of Ulji some obsidians enterbedded with pumice outcrop. Chebbi volcano is mostly formed 

of pumice like Ulji. The difference between the three volcanoes is the amount ofvelY recent 

obsidian lava flows which cover the pyroclastics of Chebbi (Dipaola 1972). 

Chabbei volcano is extruded fi-om the eastern segment of the caldera ring fractures, but east 

west tectonics may also be an important factor controlling its location. The east west 

alignment evident on Urji are even more evident on Chebbi because the pyroclastic over 

burden is less or absent. Present east-west sub-parallel fissure swarms cut the lava flows 

independent of their flow direction and are probably the surface expression of deep tectonic 

weakness evidenced also by a major east-west fault, down thrown south, which appears east 

ofChebbi and gains topographic expression east words (UNDP Tech. RepOlt 1973). 

There are many OCCUlTences of fiunaroles (steam vents) and hot ground (hot springs) in 

several places within the caldera. In general most of the hydrothermal manifestations are 

associated with recent volcanological fi'actures such as eruption centers, craters and caldera 

rims, controlled by sttuctural features (faults, fissures, joints, and contact zones). 

Hydrothennal manifestations i.e., altered grounds with fiunarolic activities are associated 

with fissures, craters, faults and caldera rims, where tectonic structures give major access 

for hydrothermal fluids. 
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These zones of filllleroles and stlUctural features are supposed to be favorable zones for 

potential mineral deposit like epitermal gold, sulfides, etc. and also geothermal resource 

areas which usually are zones of alterations. 
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CHAPTER 3 

PREVIOUS GEOPHYSICAL STUDIES AND RESULTS 

Extensive geological and geophysical surveys had been carried out by the Ethiopian 

Institute of Geological surveys (E.LG.S), under a project called Geothermal Exploration 

Project in the search for geothermal resonrce. The geophysical surveys carried out consists 

of electrical resistivity mainly vertical electrical sounding (VES), gravity and also self 

potential (SP) methods. 

3.1 THE RESISTIVITY SURVEY 

The resistivity survey (VES) was carried out using a Schlumberger array for large depths of 

investigation i.e. ABI2 upto 3160 m (unpublished repOit ofthe project 1983) and also dipole 

dipole method with a spacing a = 500 m (distance between the centers of potential and 

current electrodes) were used. 

Results of the survey shows that a low resistivity zone extending from the Corbetti caldera 

nOith ward to southern shore oflake Shalla bounded by a 20 ohm-m contour and decreasing 

inwards. The low resistivity zone is associated with a channel of hot geothermal water flow 

from the caldera nOith wards to lake Shalla and hence a heat source is infetTed to exist 

under the Caldera. The flow is chiefly along a channel causing hot springs on the southern 

shores of lakes Chitu and Shalla, controlled by geologic structures and topography. 
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:U THE GRAVITY SURVli;Y 

The main features indicated by the Bouguer gravity map are: a large two dimensional 

gravity high is oriented in a NW-SE direction which includes the COl-betti caldera. Tlus 

anomalous zone is characterized by intensive surface fumarolic activity. A small relative 

positive anomaly is opelung to Wondo Genet which has hot sptings located at the eastern 

margin of the rift. A large relative negative anomaly is located west of lake Awasa. East of 

lake Awasa another relative negative anomaly is opening to the south, to the Awasa basin. 

The residual gravity map indicates three major localities of positive anomalies. It is 

associated with fumarolic activities begimung from the Corbetti caldera and extending NW 

wards. 

3.3 CONCLUSION AND RECOMMENDATION 

From both the resistivity and gravity surveys and additional geological mapping (by Elias 

Altaye) the following conclusions had been arrived at: 

- Thermalmatmestations are controlled by fault systems and fissures running east west to 

which Atiu-Dima and UIji thermal manifestations are related to volcatuc cones, craters, 

centers of recent volcanic activities such as Chabbi, Ulji and Danshe volcanoes and NNE 

trending fault system 

- Chabi vOlcatlO seems to have a better econonuc geothennal potential inspite of the difficult 
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access for detailed exploration 

- InteqJretation of the available data had revealed COl-betti caldera is a heat source for the thelmal 

manifestations and lake Shalla is a sink where hot geothenllal fluid mixes with ground water and 

is being supplied to it controlled by geological structure related to the NNE trending Wonji fault 

belt, indicated by the low resistivity strip extending fiutl1 Corbetti caldera to lake Shalla where it 

broadens around the southem shore of the lake_ These broadening are due to the movement of 

the thelmal fluid towards the lake sediments in addition to the clay content in the sediments. 

- The reconullendations suggested were 

(a) to continue the resistivity work for better delineation and refinement of the anomalous 

resistivity zones in the Corbetti caldera, 

(b) to understand the inter-relation of the thelmal manifestations and the mechanism of heat 

transfer few drilling weBs had been recolllmended at some selected localities. 
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ClIAPTER4 

THEORY OF GRAVITY AND MAGNETIC METHODS 

INTRODUCTION 

The basic theories of gravity and magnetic methods are compiled from lecture notes of the post 

graduate course entitled "Gravity and Magnetic Methods - Geo 564" delivered by Dr. Abera 

Alemu and standard text books in geophysics (such as written by Doblin, Parasnis, Telford, etc.). 

4.1.THE EARTH'S POTENTIAL METHODS IN GENERAL 

The gravity and magnetic survey methods exploit the fact that valiations in the physical 

propeliies of rocks in-situ give lise to valiations in some physical quantity which may be 

measured remotely - at the ground surface or above it- without the need to touch, see, or disturb 

the rock itself 

The value of the methods is that these observed variations when corrected appropriately for 

predictable or measurable non-geologic effects and presented as 2-D maps of "anomalies" over 

the earth's surface-may be interpreted in tellllS of 3-D subsurface valiations of rock propeliies. 

These physical propeliy vruiations must relate, to a greater or lesser extent, to what we loosely 

tenn the "geology" of the subs1.llface (Paterson, lR. And C.V. Reeves, 1985). 
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Both gravity and magnetic methods, therefore, employ a two stage process: (1) measurement of 

anomalies at OJ' above the ground surface; and (2) interpretation of anomalies in terms of rock 

propetty variations within the subsurface in a way which adds to knowledge of the geology. 

In the case of the gravity methods, the physical property of rocks is density, and density 

variations at all depths within the earth contribute to the broad spectrum of the gravity anomalies. 

Density, in tum, depends upon the porosity and gross mineraloh'Y of rocks in bulk. 

In contrast, for the magnetic method, the rock property is magnetic susceptibility and / or 

remnant magnetisation, both of which can only exist at temperatures cooler than the CUlie point, 

restricting the source of magnetic anomalies to the upper most 30-40km of the eatth's interior. In 

practice, almost all magnetic properties of rocks in bulk reflect the properties and concentrations 

of a single accessory mineral magnetite, which signals a caution in relating magnetic surveys to 

geology. 

Progress in interllretation and geologic synthesis has been continual in the case of gravity 

method; however, only recently (Emerson, 1979; Grant 1985 a, b) has any serious effOIt been 

made to detennine the relationship between magnetite disl1ibution and geologic processes. 

Geologic models are essential at aU stages in application of the two methods. In the sUlvey design 

phase (and methodology) it is important to know the probable size, depth, and geometry of the 

targets of interest. In the interllretatioll phase it is only through the use of geological constraints 

that we can overcome the inherent problem of non uniqueness of potential field interpretation. 
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Stated simply, the geophysicist is concemed not only finding a physical property distribution that 

best fits the observed data, but also with distribution that is consistent with what is already 

known about the geology and what is geologically reasonable to speculate about the unknown. It 

is within this limits that new geologic infonnation may be obtained from potential field data. 

Since both methods are limited to investigation of geologic structures which are represented by 

density and / or magnetic content contrasts, these practical applications may appear quite limited. 

However, compared with altemative methods of discovering anything about the subsurface ( of 

which drilling is perhaps is the most obvious example ), they have the advantages of being orders 

of magnitude less expensive. In fact, no other methods can tell us so much fur so little cost. The 

continuing demand for gravity and magnetic data around the world is ample evidence of tllis 

(Telford, 1980). 

4.2 THE GRAVITY METHOD 

4.2.1 Fundamental Pl'inciples of Gravity 

The expression of gravitational attraction i)l a fonn most useful for application to exploration 

requires an understanding of the basic physical COllllects relating force, acceleration and potential. 

Gravitational fm'ee: is based 011 Newton's law expressing the force of mutual al1ractioll 

between two particles in tellllS of their masses and separation. Tllis law states that two velY small 
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particles of mass ml and m2, respectively, each with dimensions velY slllall cOlllpared with the 

separation I' of their centers of mass, will be attracted to one another with a force 

(4.1) 

where G, known as the universal gravitational constant & its value 6.67*lO·II Il1'lkg S2 

F is the force onm2, 

er is a unit vector directed fromml to 1112. 

The negative sign indicates that the force is always attractive. The expression of gravitational 

attraction in a fOIDl most usefhl to exploration requires an understanding of the basic physical 

concepts relating force, acceleration & potential. 

Grayitational acceleration: considering the earth's mass (M), the gravitational attraction of a 

spherical, non-rotating, homogeneous ealth of mass M and radius R on a small mass III on its 

sUlface acts as though its mass is concentrated at the center of the sphere. Therefore, 

(4.2) 

Force is related to mass by acceleration; the tenn 

g = (GM!r)e, (4.3) 

is called the gravitational attraction or intell~ity of gravitational attraction or simply gravity (g). 
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The gravitational acceleration at the emth's sUlface is taken about 980 cm/sec2 or 980 Gal (named 

after Gallileo, who conducted pioneering research on the earth's gravity). 

Gmvity units: in exploration work we are likely to be measllling differences in acceleration one 

ten-millionth or less of the earth's field. Fundamentally, the SI unit for acceleration I gravity is 

m/sec2 The sub-unit, one m/sec2 is called one gravity unit (g.u.).For convenience in working 

with gravity data obtained for geological & geodetic studies the milliGal (mgal, 111000 Gal) has 

come to be the common unit for expressing gravitational accelerations. For conversion, 

I cm/s2 
= I Gal 

I m/s2 ~ 10' mGal 

Im/s2
= I gu 

Gravitational Potential: As the intensity of gravitational, magnetic, or electric fields depends 

only on position, the analysis of snch fields can often be simplified by using the concept of 

potential. The potential at a point in a unit mass from an arbitrmy reference point (usually at an 

infinite distance) to the point in question. The intensity of gravitational field is defined in tenns of 

gravitational potential as: 

U = Gmlr (4.4) 

where U is a scalar quantity, m is the mass being attracted by another unit mass and r is the 

separation between the two masses. The first derivative of U in any direction gives the 

component of gravity in that direction, as a result a potential field approach provides 

computational flexibility. Equipotential sUlfaces are regions where U is constant. The sea-level 
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sutface, or geoid, is the most easily recognized equipotential surface, which is assumed to be 

hOlizontal and orthogonal to the direetioll of gravity. 

4.2.2 Basic theory of gravity 

Consider a small mass (m) moving with a velocity V on the surface of the earth that is rotating 
with 

angular velocity ro, (Fig. 4.1) 

J ro 

heavenly body 

~ (say the moon) 

Fig. 4.1 Forces acting on a mass located on the surface of the rotating spherical earth model 

The resultant force per unit mass acting on mass mis, 

g = g.,,+ g", + c + T (4.5) 

which is known as gravity, where g." is attractive force per unit mass acting on III due to ealth's 

mass, g", is centrifugal force per unit mass acting Oll III due to earth's rotation, with angular 

velocity ro, c is the coriolis force per unit mass acting Ollm due to its motion, T is tidal force per 
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unit mass acting on m due to mass attraction of other heavenly bodies. 

The effect of the forces c & T on the gravity g is usually considered negligible in local work. 

Thus, g refers to the combined effects of both e.11th's mass gravitation g,n and rotation g", which 

are given by the relations, 

(4.6) 

g", = (Ol x R) (4.7) 

= (GMlR2)e,+co(co xR) (4.8) 

Since the force g", has both the tangential and radial components, the radial component which is 

co2R cos2
<jJ is opposite in direction with the attractive force, thus 

(4.9) 

which is the basic equation of gravitational acceleration or intensity of gravitational acceleration. 

If we let the intensity of gravity at the equator g, where <jJ = 00 and that at poles gp where <jJ = ± 

900 ,then 
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(4.10) 

and 

(4.11) 

If we compute the intensity of gravity for a spherical synulletric eatth model, one obtains the 

gravity difference as, 

(4.12) 

But, fonn the actual observations ofthe real ealth, the measured values are; 

gp = 983.218 cm!s2 (or Gal) 

g, = 978.072 cm!s2 

and 

gp - g, '" 5.2 cm!s2 (4.13) 

The discrepancy or disagreement between the obselved and calculated values of g indicate 

various aspects, of which some are: 

- the shape of the earth is not spherical, 

- the shape of the earth is a rotationally distorted one such that its shape is flattened at the poles 

and bulged at the equator, 
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- g varies as a function oflatitude (4J). 

4.2.3 The Normal (theoretical) Gravity equation 

Due to the centrifugal force, the ealih's shape departs fomi a sphere, i.e., it is bulged at the 

equator and flattened at the poles. That is, the effect of the centrifugal force gives the earth the 

shape of more or less an ellipsoid of revolution, i.e., a surface generated by the rotation of an 

ellipse about its minor axis with the ll1~or axis generating the equatorial plane. 

To detemune the gravity field of the earth at a point we must know its shape & density 

distribution. For describing the earth's shape, one usually uses as a reference an ellipsoid of 

revolution \\~th Z-axis coinciding \~th the axis of the earth's rotation and XY plane with the 

equatorial plane. We assume that the ideal reference ellipsoid, which is related to the mean sea 

level smface with excess land masses removed and ocean deeps filled, is an equipotential surface 

ofa nonnal gravity field. Denoting the potential of the nonnal gra~ty field by U = U (x,y,z), we 

see that the reference ellipsoid is a smface with, 

u (x,y,z) = Uo = constant (4.14) 

The eatth's gravity potential, U, is the sum of the attractive potential (V) and the centrifugal 

potential (Cl» given by, 
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u = v + <l> = G Iv dm/r + 112 (l)2(X
2 +/) (4.15) 

The nonnal gravity vector Yo at a given latitude <jl on the reference ellipsoid is the gradient of U. 

Yo = grad (U) (4.16) 

After few mathematical computations, one can arrive at the nOnllal gravity field or theoretical 

gravity value, Yo as a function ofthe latitude angle <jl , at any pint on tlus ellipsoid is given by 

(4.17) 

where Yo is the value of gravity at the equator <jl = 0, BJ & B2 have been detel1luned in 1930 by 

the Intemational Association of Geodesy (lAG) and adopted the fonnula known as the 1930 

Intemational Gravity FOl1nula given as, 

y<)J930 = 978049 (1 + 0.0052884 SIN2<jl_ 0.0000059 SIN'2<jl) mGal (4.18) 

\vith Yo = 978049 mGal, equatOlial radius a = 6378.388 Km, polar radius b = 6356.909 Kill, the 

ellipticity (polar flattening) given by, 

f=(a-b)/b= 11127 (4.19) 
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Recent studies on the orbits of satellites have provided precise values for the determination of the 

constants 8 1 & 82 and the following is the revised theoretical gravity fonnula established by IAG 

in 1967. 

YOI%7 = 978031.85(1 + 0.0053024 sill<J> - 0.0000059 sin ~<J» mGal (4.20) 

with Yo = 978031.85 mOaI, a = 6378.160 Km, b = 6356.909 Km and f= 11129.25 Even in its 

most refined state, the standard theoretical gravity fonnula is a very cmde approximation. It 

assumes that there are no undulations on the ealih's surface, where as, in fact w have on the real 

eatih's sUiface elevated lands (such as mountains, hills, etc.) and depressions (such as valleys, 

oceanic depressions, etc). 

Hence, for a practical work, i.e., measurement of gravity on the physical surface of the earih we 

must define a physical equipotential sUiface on the earih. The physical surface is known as the 

Geoid. Geoid is a surface such that gravity g is perpendicular to it. It is a zero reference 

(elevation datum h = 0 ) for elevations and ocean depths, as given on topographic maps. Geoid 

is the undisturbed mean sea level surface continued into continents so as to encircle the earth, 

water seeking its level in imaginary shallow canals until it is at rest. The value of gravity at a point 

calculated by a standard theoretical fOffimla and that observed and reduced to the geoid do not 

agree with each other. Tins is because the effect of attraction of an invisible anomalous mass 

under the point is involved in the observed value. The small difference between the actual gravity 

potential W(x,y,z) and the llol1lJaI (theoretical) gravity potential U(x,y,z) is denoted by T(x,y,z) 
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shown below in (Fig.4.2), so that 

w (x,y,z) ~ U (x,y,z) + T (x,y,z) (4.21) 

T is called the anomalous potential, or disturbing potential (Heiskanen and Modtz, 1967). For 

small regions T is negligible. Thus we compare the potential on the geoid referred to mean sea 

level slllface given by 

w (x,y,z) = Wo (4.22) 

with the potential on the reference ellipsoid referred to the same mean sea level slllface given by 

u (X, Y,?:) = Uo (4.23) 

on the assumption that they are potentials ofthe same equipotential surfaces i.e., 

(4.24) 

n 

_---1\- geoid W(x,y,z) = Wo 

Fig. 4.2 Geoid and reference ellipsoid 
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Consider now the gravity vector gp at a point P of the geoid (Fig. 4.2) and the normal gravity 

vector YQ at point Q of the ellipsoid. The gravity anomaly vector ""g is defined as their difthence 

in magnitude given as, 

(4.25) 

The difference in direction is the deflection of the vertical (8). Hence gp is the gravity value 

observed (gw,.) at a point on the sUlface of the ealih and reduced to the geoid point (P). YQ is the 

theoretical gravity value on the ellipsoid point (Q). 

Gravity anomalies are developed as a consequence of differences in density distribution of the 

ealih, patiicularly in the upper layers known as the cmst. Therefore, they reflect the i!ltemal 

constitution ofthe cmst & indicate the presence of varions geological stlUctures collnected with 

the dislocatioll of rocks of different densities. Tins enables us to study and give clues about 

geological constituents, structural features such as faults, lineaments, fissures, etc. of the eatih 

and for gravity prospecting teclllnque. 

4.2.4 The reduction of gravity data 

In reality, the earih's gravity (g) is measured at points on its surface. On the other hand, since the 

ealih's surface does not represent a regularized equilibrium sUlface g varies because of variations 
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ill latitude, elevation, topography of the slllTouuding tenaur, earth tides and subsurfhce density 

variations. g is not directly comparable with the nonnal sea level gravity (y) referring to the 

sUlface of the ellipsoid. Hence, a reduction of g to an equipotential sea level surface (geoid) is 

necessary. These reductions must attempt to produce the value of g that would have OCCUlTed if 

it were possible to observe on the geoid sUlface. The maimer in which g is reduced to the geoid 

to CDmpute the different gravity anomalies is known as gravity reduction. All the stations 

occupied in the study area have been referred to the International Gravity Standardization Net -

1971 (called IGSN -1971) (Morellei et al. 1971) gravity datum. The primary gravity base of the 

Geophysical Observatory (with gravity value of 977452.16 mGaI) of Addis Ababa University 

which is refelTed to the IGSN-71 datum by the U.S. Defence Mapping Authority Aerospace 

Center in 1973 was used. The theoretical gravity, y, at latitude $, has been calculated fi'Om the 

1967 gravity fonnula (Geodetic reference system 1967, Moritz, 1971) given by Eq.(4.20) is with 

an accuracy of ± 0.4 mGal. As gravity measurements are not made on the ellipsoid but usually on 

earth's sUlface at some height h above a reference equipotential slJlface (mean sea level or geoid), 

reductions must be applied to the obselved values before any anomaly may be obtained. Different 

types of anomalies are possible depending upon the manner in which this CDITection is CDIl1puted. 

In general the corrections brought to an accurate gravimettic sUIvey are of many natures, hut 

they can be classified under cOITections for, 
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(a) Tnstmmcntal correctioll (drift 01' time val'iatioIl of gravimeters) 

[n practice, all gravimeters have a certain amount of drift. Tins time variation may be due to 

many causes (example: slight temperature and f or pressure variation even if the instnnnent is 

self-compensated) but more commonly due to the fact that the quartz springs are not perfectly 

elastic and are subject to creep over a certain period of time. The drift in the gravimeter reading 

at a station may be fi'om a few hundredths of a mOal to four tenths of a mGal per hour. In order 

to COlTect for drift, one or more stations were reoccupied at intelvals of one to three hours. 

Assuming the drift of the gravimeter is linear, the differences between two readings at a station 

were plotted against time. Corrections were read off & applied to the intemlediate stations 

readings. 

(b) Tidal cOlTectioll (earth tide COITCctiOIl) 

The combined attraction of the sun & the moon may change the gravity at a station cyclically 

with a maximum daily amplitude of 0.3 mGal. Appropriate corrections can be made by referTing 

to special tables. (example, tables regularly published in advance for each year in Geophysical 

Prospecting, the Joumal of the Enropean Association of Exploration Geophysicists). Since tidal 

vatiations are rather slow, it is assumed that their effects will fidly be incorporated in the 

instIUmental drift correction. In the present work tidal effects were assumed to be included in the 

drift correction according to the manual ofthe gravimeter. 
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(c) Elevation (free-ail") ,'eduction 

The elevation reduction to the geoid, through the height h, neglecting the matter contained 

between the geoid and the eaJih's smface (fi'ee-air correction) is obtained by the inverse square 

law, and this vatiation of gra\~ty \~th height is expressed by: 

ogr= - (og/oh)h:<5 - (ily/oh)h:<5 0.3086h mGal (4.26) 

where h is height above sea level in meters. Tins constant factor (0.3086 mGaVm) has been used 

throughout the computation ofthe free-air colTection. 

(d) Bouguer conectioll 

The attraction of the matelial between the reference equipotential surface (ellipsoidal or geoidal 

surface) and that of the individual gravity station is taken care by the Bouguer con'ection. If a 

given station is higher than the reference ellipsoid or geoid or sea-level, its gravity value is 

increased because ofthe attraction of the slab of matelial between it and the reference level and 

the cotTection is negative. If the station is lower than the reference elevation, its gravity value is 

decreased because of the lack of attraction of the absent material between it and the reference 

geoidallevel and the correction is positive. Therefore the Bouguer con'ection is always opposite 

in sign to the free air correction. 

In order to account for the eifect of masses between the geoid and the obselvation point, the 
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gravitational attraction of an infinite hOllzontal slab of rock matetial of thickness equal to the 

station height h and density (normally 2.67 gm/cm3
) was computed using the known slab). The 

Bouguer correction is given by 

019, = 2ngph = 0.0419ph = 0.1119 mGal (4.27) 

(e) TelTain correction 

A topographic ilTegularity (hill, valley, slope, etc.) will exelt an attraction directly proportional 

to its density. The vertical component of this attraction will be directed upwards and reduce the 

gravity at the point of measurement. Tlus magrutude must therefore be added to the measured 

value of gravity at the point. A valley is a negative mass and the vertical component of its 

attraction will also be directed upwards leading again to an additive topographic colTection. 

There are several methods for calculating tenain conection. Hammer (! 939) illustrated the 

necessity of making ten·am cOlTections. If precise gravity surveys are desired terrain COlTectioll 

tables with wluch tlus quantity may be detenllined to the accuracy metited by the precision of 

modem gravimeters. 

The usual procedure is to divide the area around a station in compartments bounded by 

concentric rings and their radii drawn at a suitable angular interval. The mean elevation (Z) in 

each compartment is detenllined from a topographic map, without regard to sign, i.e., by treating 

a hill as well as a valley as positive height difference fOlm the station level. The calculation ofthe 
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tables is based upon the fonnula for the gravitational attraction of a vettical hollow cylinder at a 

point .on the axis and in the plane of one end of the cylinder; and the equation for terrain 

correction is, 

(428) 

where rt, r2 are the inner and outer radii respectively, and Z is the height of the cylinder 

(representing the average height of the terrain or elevation) 

Note that, the tetTain con-ection og, attains 0.1 - 1.0 mGaI in flat areas and 10 - 100 mGaI in 

mountainous areas. 

Gravimetric slllveys in hilly country like the shldy area are subject to errors which may be much 

larger than the probable etTOrS of the unreduced gravity values unless accurate correction are 

made for the non-significant gravitational effects of the undulating topography. 

(h) Latitude cOI'l'ectioll 

If the earth were a homogeneous non rotating sphere with the same vetiical gradient everywhere, 

apart from local near surface, density variations due to geological shuctures, and if it were a 

petfectly smooth slllface, then clearly all gravity vmiatiolls over the surface would be caused by 

geological stlUcture. But t1us is not so. Because of the flattening, the poles are nearer to the 

center of mass than the equator, sot the gravity increases with increasing in latihtde. The 
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variation of gravity with latitude over the stllface of an ellipsoid earth can be expressed by the 

revised theoretical gravity formula established by lAG in 1967 (Eq. 4.20) 

The latitude colTection oy" is obtained by differentiating Eq (4.20) with respect to $ and is added 

to g as we move towards the equator, i.e., 

oy.yos = (- llR)oy.yo., = 0.811 sin2$ mGal/km (4.29) 

where R is the radius of the earth (= 6371 km), s = R = N-S horizontal distance, and is latitude 

angle. 

4.2.5 Gravity anomaly maps 

The end result of a gravity sUlvey is to produce gravity anomaly maps such as the Free-air, the 

Simple Bouguer Anomaly (S.B.A), the Complete Bouguer Anomaly (C.B.A), etc. maps these 

maps re geophysical tools upon which effects of geology on the ealth's gravity field can be 

detected and deternlined. These effects are indicated by patterns (contours & curves) of gravity 

anomaly variations over the stllvey area. 

After all of the preceding gravity cOITections were applied to the observed gravity reading of 

each station, the gravity anomalies thus obtained are: 
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(a) The J.'ree-air anolllRly 

- It generally fonlls the basis for the intel1Jretation of gravity 

environment, but however, it can also serve for land gravity surveys. 

- The free air anomaly is given by the equation 

data, mainly III maiUle 

(4.30) 

where ~gf is the free-air anomaly, gobs is the observed gravity value of the station ± ogr is the 

free-air con·ection which is 0.3086 h (h is elevation in m) the + sign is if the survey is carried on 

the sUlface above the reference geoidal sUlface, and the - sign is if the survey is canied below 

the reference geoidal surface, Yo is the nomml I theoretical gravity value computed for the 

stations latitude value using the 1967 gravity fonllula, wbich is Eq. (4.20) 

(b) TIle Simple Bouguer Anomaly (S.B.A) 

- The simple Bouguer anomaly is a gravity anomaly that accounts for the Bouguer slab (which 

is given by 0.0419ph, where p is density oftbe sun·ounding materials in g/C111
3 and h is elevation 

in m), and the free-air correction. 

Note that the simple Bouguer anomaly doesn't account for the terrain corTection (og,). 
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- The simple Bouguer anomaly is given by the Eq. 

(4.31) 

For the case of the study area, which is above the geoidal surfhce tills equation becomes 

t.gsBA = goo, + (0.3086 - 0.0419p)h - Yo (4.32) 

(c) The Complete Bouguer Anomaly (C.RA) or simply the Bouguer Anomaly 

- Tills anomaly takes into account the free-air correction, the Bouguer slab and the telTain 

con·ectioll. 

- It is given by the equation 

(4.33) 

For the case of the study area, the Eq reduces to 

t.gR= &I. +(0.3086 - 0.0419p)h + og. -Yo (4.34) 

Note: Apart fi-om the above discussed major anomaly maps there are also other maps such as the 

residual gravity anomaly map, the regional gravity anomaly map, etc. 

33 



4.3 lVlAGNETlC METHOD 

4.3.1 Fundamental principles of magnetism 

(a) Magnetic force: If two poles of strength po and p ,respectively, are separated by a distance r, 

the force F between them will be 

(4.35) 

The constant J.I, known as the pemleability, depends upon the magnetic propelties of the 

medium in which the poles are situated. The units of pole strength are detennined by the 

specification that F is 1 dyne when two unit poles I Clll apalt are situated in a nOlIDmgnetic 

medium such as air or vacuum (for which J.I = I). 

Note that the similarity between the magnetic force and the gravitational force, the latter 

expressing gravitational attraction between two palticles. If the poles are like type, the force is 

repulsive, if they are unlike it is attractive. 

(b) Magnetic field: The magnetic field strength at a point is defined as the force per unit of pole 

strength which would be exelted upon a small pole of strength Po if placed at that point. Thus, 

the field strength H due to a pole strength P a distance r away is 
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H = F/po= p/~lt.2 (4.36) 

The magnetic field strength is often expressed in terms of the density ofthe lines offorce or flux 

representing the field. The unit ofH is then expressed as one line offorce per square cm. It may 

also be designated in the cgs system as one dyne per unit pole or as one Oersted. In the MKS 

system, the unit of flux density is the Tesla, which is 104 Oe. 

In magnetic prospecting we measure variations of the order of 11104 of the earth's magnetic field, 

which is about 0.5 Oersted. A new unit of magnetic intensity or field strength, the gamma (y), is 

introduced 

1 Y = 10-5 Oerested 

This unit is a convenient size for geophysical work Still additional smaller unit is the nanpTesla. 

1 Y = I nanoTesla (nT) 

(c) Magnetic moment: The magnetic poles always exist in pairs, the fundamental magnetic 

entity is the magnetic dipole, two poles of strength +m and -m separated by a distance I. Then the 

magnetic moment is defined as 

(4.37) 
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M being a vector in the direction of the unit vector rl extending Ii-OIn the negative pole towards 

the positive pole. 

(d) Intensity of magnetization: A magnetic body placed in an extemal magnetic field becomes 

magnetized by induction. The intensity of magnetization is proportional to the strength of the 

field and its direction is in the direction of that field. It is defined as the magnetic moment per unit 

volume, that is, 

I=MN=irl (4.38) 

Practically tlus magnetization by induction amounts to lining up the dipoles of the magnetic 

material; for tlus reason I is often referTed to as the magnetic polarization. If I is constant and has 

the same direction throughout, the body is said to be unifonnly magnetized. 

(e) Magnetic Snsceptibility: The degree to which the body is magnetized is detel1lllne hy its 

magnetic susceptibility, defined as 

K=IIH or I=KH (4.39) 

Susceptibility is the fimdamentai parameter in magnetic prospecting, since the magnetic response 

of rocks and minerals is detel1luned by the amount of magnetic materials in them and the latter 

have K values much larger than the rocks and minerals themselves. 
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(f) Magnrtic induction: The magnetic body which we are considering, when placed in the 

external 

field H, has its intel11al poles more or less lined up by the field H to produce a field of its own H', 

which increased the total field within the body. Tins extra field is related to the intensity of 

magnetization. The magnetic induction ,B, is defined as the total field within the body and eRn be 

written 

B = H + H' = H + 4nI 

B = (1 + 4nK) H (4.40) 

Now by definition the ratio of induction B to magnetizing force H is the magnetic penneability, 

~t, thus, 

B = !ill (4.41) 

4.3.2 Magnetism of the earth 

It is well established that the geomagnetic field is composed of three patts, so for as exploration 

geophysics is concemed: the main field, the extemal field and variations ofthe main field. 

(i) The main field, winch although not constant in time, valies relatively slowly and is of intel11ul 

ongm. 
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(3) Elements of/he earth's magnetic field 

If a steel needle, not previously magnetized, could be hung at its center by a thread so that it 

were free to OIient itself in any direction in space, at most points on the eatih's surface it would 

assume a direction neither horizontal nor in line with the geographical meridian. This OIientation 

is the direction ofthe earth's total magnetic field at tllis point. The magJlitude oftllis field, F, the 

inclination of the needle from the hOJizontal, I, and its declination, 0, the angle it makes with 

geograpllic north, completely define the magnetic field. The various magnetic elements are 

illustrated in Fig.(4.3) below. 

geograpllic 
north X H magnetic north 

F--------4y east 

F 
Fig.(4.3) Elements of the emih's 

z 
magJletic field 

In addition to F,I and 0, there are the vertical component Z, the horizontal component H wllich 

in tum have components X and Y. The geomagJletic field resembles that of a dipole whose north 

and south magnetic poles are located approximately (78.5° N, 69° W) and (78.5° S,l I 1° E). The 
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axis being inclined [1. 50 to the polar diameter and its center displaced some 300 km towards 

Indonesia. Since tlus dipole is a close approximation to the total magnetic field of the emth, its 

pole do not coincide with the sUlface points where the dip needle stands vertical i.e. where H = a 

known as the dip poles, or magnetic north and south poles, these are presently located at (75° N, 

101° W) and (67° S, 143° E).Lines of equal declination D, inclination I, hOlizontal intensity If, 

etc. when plotted on maps are called isomagnetic charts. They show the vatiations in the 

geomagnetic field over the earth's sUlface. 

(b) Origin of the main field 

The main geomagnetic field theoretically could be caused by an intemai or external source, either 

of pennanent magnetism or of mudirectional cun-ent flow, or it could be the result of current 

flowing in and out of the earth's surface. The latter possibility can be ruled out because of the 

observed air-to-earth currents are much too small to account for the existing magnetic field of the 

eatth. Spherical hatlllonic analysis of the observed sUlface magnetic fields show that at least 99% 

is due to sources inside, the remaining 1% to sources outside the earth. 

The present theory is that the main field is caused by electric cun-ents circulating in the outer 

core-known to be liquid from seisnuc evidence-wluch extends fi·mll a radius of 1300 km to 3500 

klll. The magnetic source is thought to be a type of self-exited dynamo, in wluch a lughly 

conductive fluid moves about in complex mechatucal motion, willie electric currents, possibly 

caused by chenucal or thenllal variations, flow through it. The combination of motion and 

cun-ent creates a magnetic field. Since little is known, or is likely to be known, of the eatth's core, 
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the theoretical development is difficult. LaboratOty tests have shown, however, that the dynamo 

source may be a valid explmlation and also that it may account for celiain slow or secular 

variations which are known to have occurred in the eaIih's magnetic field. 

(C) Seclllal' variations 

As a result of 400 years of continuous study, it has been established that the geomagnetic field is 

far fi·om pennanent. The records of I and P from magnetic observations on London and Paris 

extending back to about 1580, is a sttiking example of this. The inclination has changed some 

100 (750 to 65 0 
) and the declination about 350 (lao E to 250 W) and back to 100 W during 

tins period. Similar wandering of the supposedly fixed field is evident from long tenn records of 

other magnetic elements. In all cases these secular variations appear to be regional rather than 

world wide. Although their source is not understood, it is thought to be intemal, possibly 

connected with changes in convection cunents in the core, in the core-mantle coupling and in the 

rotational speed of the earth. 

(ii) The extemal field: a small fraction of the main field (about 1%) winch varies rather rapidly, 

paItly cyclically and partly raIldomly and wruch Otlginates outside the eaIth, appears to be 

associated with electric CUlTents in the ionized layers of the outer atmosphere. The vatiation in 

time is much more rapid thaIl for the so-called penllaItent field. Several well documented effects 

are listed below. 

(a) A cycle of 11 years dllmtion, conelated with sun spot activity, has a latitude distribution 
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which indicates an external origin. 

(b) Solal' diumal variations, with a petiod of24 hours and range of30y, vary with latitude and 

season and are probably controlled by action of the sun on ionosphere CUlTents. 

(c) LunaI' diul'Jlal variations of 25-hour period and amplitude of about 2 vary cyclically 

through the month and seem to be associated with a moon-ionosphere interaction. 

(d) Magnetic stOl'JllS are transient disturbances with amplitudes as great as IOOOy in most 

latitudes and even larger in polar regions, where they are usually associated with the aurora. 

Although rather erTatic, they often occur at intervals of about 27 days, the period correlating with 

sunspot activity. At the height ofa magnetic stonn, which may last several days, long range radio 

reception is considerably aftected and magnetic prospecting may by impractical. 

(iii) Variations of the main field (local anomalies): usually but not always much smaller than 

the main field, relatively constant in time and place and caused by local magnetic anomalies in the 

near surface crust of the earth, these are the targets in magnetic prospecting. ImpOltant changes 

occur in the main field as the result of variations in the magnetic mineral content of near-surface 

rocks. These anomalies are occasionally large enough to double the main field 10caUy. In general 

they do not persist over very great distances, that is to say, magnetic maps do not exhibit large 

scale regional features, such as isostatic anomalies in gravity. 
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4.3.3 Magnetism of rock~ and minerals 

Magnetic anomalies are entirely caused by the amount of magnetic minerals contained in the 

rocks, thus it is impOliant to deal with these minerals (which are few in numbelJ, and in paIiicular 

their magnetic susceptibilities. 

All material-elements, compounds, etc. can be classified in three groups according to their 

magnetic properties: diamagnetic, paramagnetic and felTomagnetic (the third group including 

several subdivisions). 

(a) Diamagnetism: A diamagnetic substance is one which has a negative magnetic susceptibitity. 

This means that in the equation I = KH, the intensity of magnetization induced in the substance 

by the field H is in the opposite direction to H. All materials are fundamentally diamagnetic, since 

the orbital motion of the negatively charged electrons in the substance, in the presence of the 

external field, H, is in such a direction as to oppose H. However, the diamagnetism will prevail 

only if the net atomic magnetic moment of all the atoms is zero when H is zero. Tllis situation is 

characteristic of atoms with closed (completely filled) electron shells. This is a weak effect 

compared to other fonns of magnetism. Many of the elements and compounds exhibit 

diamagnetism; the most COIlll1lOn diamagnetic ealth matel1als are graphite, gypsum, marble, 

quartz and salt. 

(b) Paramagnetism: By definition all matetials which are not diamagneitc are paramagnetic, i.e. 

K is positive. In a paramagnetic substance each atom or molecule has a net magnetic moment in 

zero extemal field. It is charactetistic of substances whose sub-shells are not filled to the 
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maximum. Examples are the series of elements nCa-2sNi, 41Nb-45Rh, 57La-7SPt,90Th-92U. The 

e!l(cc( decreases with temperature. 

(c) Ferromagnetism: Iron, cobalt and nickel are paramagnetic elements in which the magnetic 

interaction between atoms and group of atoms is so strong that there is an aliglUllent of moments 

within large regions or domains of the substance. Fen'Olnagnetism also decreases with 

temperature and disappears entirely at Curie temperature. FelTOmagnetic minerals apparently do 

not exist in nature. 

(d) Fel'l'imagnetism: materials in which the magnetic domains are subdivided into regions which 

may be aligned in opposition to one another, but whose net moment is not zero when H = 0 are 

called fenimagnetic. Examples of ferrimagnetic minerals are magnetite, titanomagnetite and 

ilmenite, oxides of iron or iron and titanium, pyn-hotite 

(I) Antifenomagnetism: If the nit magnetic moments of parallel and antiparallel sub-domains 

cancel each other in a material which would otherwise be considered fen'omagnetic, the resultant 

susceptibility is velY small, of the order of paramagnetic substances. Such a mateIial is called 

antifelTomagnetic for obvious reasons; hematite is the most conunon example, 
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CHAPTERS 

THE GRAVITY AND MAGNETIC DATA 

5.1 INTRODUCTION 

With the exception of the previous geophysical works discussed in chapter 3 that was conducted 

for geothennal exploration pUl]lOSes, the majority of previous geophysical data were aimed at 

studying specific geological problems related to cmstal and upper mantle stmctures of the 

Ethiopian Rift system in general (the Afar depression and the MER in particular). 

Though a limited number of gravity observations were made under tlus survey (about 50 

stations), the tasks were accomplished with data obtained from different sources and reprocessed 

following the procedures in gravimetry as applied to geophysics. The total number of gravity 

obselvations used are about 2220 stations. Willie that of magnetic data amounts about 75 

stations. Both data sets were collected randomly, wherever accessibility is possible by a vehlcle 

except to very few traverses of the gravity observations. The station separations are of 

senu-regional type. They generally vary from 1 to an average of about 10 krll. 
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5.2 DATAPREPARATlON AND PROCESSING 

Gra\~ty measurements have been canied out in Ethiopia since 1960. The work was not intended 

in establishing a standard base station network but to study geological problems related to the 

cmstal and upper mantle phenomena of the Ethiopian Rift System. For tlus reason the majority of 

the previous data acquired are distributed in the rift system particularly the Main Ethiopian Rift, 

the Afar depression and the associated rift shoulders. As a consequence of tIus there were major 

problems such as lack of first and second order gravity base stations, lack of calibration lines to 

check the gravimeters used in the previous obsetvations, inaccessibility of the rift shoulders, 

accuracy problem of altimeter height, terrain effects, absence of topographic maps at required 

scales such as I :50,000, etc. 

Abnost the majority of the data obtained fi'om the EIGS and AAU suffer from the effect of the 

above cited problems to a greater degree as compared to gravity observations made these days 

(e.g. the gravity observation under this survey). In addition to this the previous obselvations were 

tied to the Geophysical Obsetvatmy gravity base station whose IGSN value (g = 977452.16 

mGaI) was known until recently and found correctly repm1ed in Abem's PhD. work (1992). 

In most gravity sUlvey repmts and MSc thesis works based on these data of previous gravity 

surveys it is quoted that the datum value used to tie the observed values is IGSN-71 datum 
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when it actually is the Potsdam datum value (g = 977467.07 mGaI). With the exception of to 

few data acquired recently and tied to the correct I GSN-.? I datulll value, the above misquotation 

of the datum value has resulted in heterogeneity in all gravity data acquired by the EIGS. Note 

that the difference between the IGSN-71 and the Potsdam reference gravity values of the main 

gravity base station at the Geophysical Observatory is 14.91 mGaI. The consequence of this 

heterogeneity has generated quite a considerable trouble in homogenising the data used in this 

stndy. To alleviate this problem of datum inhomogenity cOlTections were made to the previous 

data obtained from the sources mentioned below. 

SOUl'ces of gravity data 

The data that are used in tllis thesis work are obtained fi'om 

- field work collected by the anthor oftllis thesis and Dr. Abera in Febmary 1999, (about 50) 

stations 

- Geophysical Observatory (Abera's PhD. work), and 

- the Etlliopian Institnte of Geological Surveys (EIGS) 

The instrument nsed to collect the gravity data (about 50 statiolL~) was a La-Cost and Romberg 

gravimeter (model G-781), obtained from Geophysical Observatory of AAU. 

A total number of about 2220 gravity stations were used to work on the gravity prospecting 

method. Data were checked whether they are connected to the IGSN-71 datum or to the 

Potsdam datum with: 
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- reobservations made on previously observed identical stations in the study area and 

- computations made on theoretical considerations using a FORTRAN proh'ram developed by 

Dr. Abera. This program computes gravity anomalies using obselved relative gravity values 

refelTed to the two datum (IGSN and Postsdam) with theoretical gravity (y) values calculated 

according to GRS-l930 and GR8-l967 and finally detel1nines which pariicular observed gravity 

value is connected to which particular datum. 

The measures taken above resulted in heterogeneity of datum for almost all the previous data 

obtained and proved that the observed gravity values obtained fi'Om both sites were not available 

to the IGSN-71 datum; even if they were reported to this datum. Hence, reprocessing arId re­

evaluation of the previous data became an inevitable task in order to keep the consistency 

between the data sets. 

Accordingly, all the previous data were reprocessed with ties made to the IGSN-7l station of the 

Geophysical ObselvatOly. Theoretical gravity computed according to GRS-67 formula and the 

standard corrections discussed in chapter 4 were properly applied with a uniform density of 2.67 

gmJcm3
, to compute the Free-air arId the Bouguer anomalies. Furthenllore, the level of error of 

the computed point Bouguer anomalies at each station is detellllined according to the scheme 

outlined in section 5.3 here below and is estimated at ± 2.82 mGal. The reduction process was 

perfol1ned using a FORTRAN program developed by Dr. Abera (1999). 
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Terrain corrections were Illade for about 434 stations obtained fi'oll1 ErGS, AAU and the 50 

stations obselved under tlus survey. An estimated en-or of about 2 mGal was considered due to 

neglect of tenain effect for the rest of the stations. Tlus estimate was based on a statistic<ll value 

calculated along two traverses that cross the A1uto mountain (2335 Ill), rising about 700 m above 

the lift floor by Dr. Abera (1992). Tlus value is thought to apply for all stations and treated as 

systematic enor in computing the over all mean square elTOf of the computed point gravity 

anomalies. 

All the gra\~ty stations occupied have been referred to the IGSN-71 datum (Morelli etal.,1971). 

The primary base station used was that of the Geophysical ObservatOlY IGSN-71 base station 

(977452.16 mGaI) located at Addis Ababa Uruversity. The magnetic observations were 

colTected for diumal variation with reference to the respective base stations of each traverse 

considered. The base stations considered were occupied / read at the beginning and end of each 

observation session of the traverses to reduce and eliminate any diumal variations that may 

appear dUling the day's work. 

Sources of magnetic data 

The magnetic data were collected using a proton precision magnetometer (from the Department 

of Geology and Geophysics) that measures the total intensity of the earth's geomagnetic field. 

About 75 different magnetic stations were covered by the author of tlus paper and Dr. Abera 

A1emu. 
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5.3 ASSESSMENT OF ERRORS IN THE GRA "ffY ANOMALIES 

The assessment, computation and evaluation of the errors 

involved in the computed point Bouguer anomalies are reported 

by Abera (1992, 1998) as adapted here below. 

In analysing the accuracy of computed point gravity anomalies 

it is necessary to appraise the accuracy of the method used in 

computing them, i.e., the completeness of the formula used and 

the correctness of the numerical values of the constants 

occurring in it (Abera, 1992). A systematic error may be 

introduced in the computed Bouguer anomalies, for example by 

neglecting the correction for irregularities in the topography 

(terrain correction) . 

It is also necessary to assess the effect of random and 

systematic errors of the parameters of the formula, the values 

of which are determined separately for each gravity point. 

These include the errors involved in the determination of: 

* the observed value of gravity (observation error or 

measurement precision ) at each station 

* the point elevations (elevation error) at each station 
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* the geodetic latitude (1.ati tude error) 

"* the reduction density (density error) of the topographic 

masses above sea level used in the computation of the Bouguer 

anomaly values at each station. 

We know that the computation of the point Bouguer anomalies 

values, Llg8 , for each observation point is performed with the 

formula: 

g + 0.3086h - 0.04191ph + ogt - y (5.1) 

The accuracy, 0&" in the determination of the point Bouguer 

anomalies, is dependent on the precision in the 

determination (observation error) of the parameters g, h, P and 

~, involved in the formula. 

Since the values of g, h, P and ~ are determined separately for 

each gravity point, the precessions (observation errors) Og, Oh, 

a", and a" in the determination of g, h, P and ~ respectively are 

independent to each other (Le., are uncorrelated). 

The overall mean square error 00" of the gravity anomalies, is 
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defined by 

(5.2) 

where 0,," is the standard error (due to random errors) and S"g is 

the systematic error (bias) of the gravity anomalies, i\.gH. 

The variance 0 2 "g, can be computed from the lavl of propagation 

of errors for uncorrelated observations according to the 

following scheme: 

Since the Bouguer anomaly formula is a function of the 

parameters g,h,p and 4>, it's implicit functional form is given 

by 

i\.g i\.g ( g , h, p, 4» (5.3) 

The differential of i\.g is expressed as 

(oi\.g/og)dg+(oi\.g/oh)dh+(oi\.g/op)dp+(Di\.g/~)d4> (5.4) 

The partial derivatives on the right hand side of Eq. (5.4) 

above are independently evaluated upon substitution of i\.g by 

the Bouguer anomaly formula, i\.gn= gob" + O.3086h - O.04191ph - y. 
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The individual contributions to the standard error, 1i~1' due to 

the random errors (unavoidable errors) that occur naturally in 

the process of measuring (observing, determining) the relative 

point gravity values, point elevations, point geodetic 

latitudes of the gravi ty stations and densi ty of the 

topographic masses are modelled and evaluated as follows. 

* The first partial derivative of Eq. (5.3) results in 

(8,1g / og) dg (dg/dg)dg dg 

(5.5) 

and corresponds to the measurement precision (observation 

error) of the observed relative gravity values evaluated as 

follows. 

Actual field tests made with observations taken at 4 national 

base stations (check points) located in Addis and its environs 

(Table 1), consists a sununary of 12 independent observations 

made at 4 gravity check-points (national base stations), that 

means, 3 independent observations at each check point. 

The measurement precision, (Jg, is obtained by computing the 

internal variance (Bjerhanuner, 1973) of the 12 independent 

observations made at the 4 gravity check points following the 
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scheme outlined in Table 1 and the formula: 

(5.6) 

where n is the total number of independent observations, 

s,' S2, S3 and S4 are the mnnber of gravity check points, and v 

are residuals for the individual observations at each check 

point. 
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Table 1. Table of observed re1ati ve gravity values (mGal) for 

computinq the internal variance of 12 independent observations 

taken at 4 check points. 

y 

31: 1015.90 

1015.99 

1015.87 

32: 0994.99 

0994.89 

0994.87 

33: 1030.67 

1030.76 

1030.64 

34: 1027.71 

1027.81 

1027.69 

1015.92 

1015.92 

1015.92 

0994.92 

0994.92 

0994.92 

1030.69 

1030.69 

1030.69 

1027.74 

1027.74 

1027.74 

v 

-0.02 

0.07 

-0.05 

0.07 

-0.03 

-0.05 

-0.02 

0.07 

-0.05 

-0.03 

0.07 

-0.05 

vv 

0.0004 Lsl (vv) 

0.0049 

0.0078 

0.0025 Y 1 = 1015.92 

0.0049 Ls2 (VV) = 0.0083 

0.0009 

0.0025 Y 2 = 0994.92 

0.0004 LS3 (vv) = 0.0078 

0.0049 

0.0025 Y3=1030.69 

0.0009 Ls. (vv) = 0.0083 

0.0049 

0.0025 Y4 =1027.74 

Findings of this investigation indicate that the gravimeter has 

a measurement precision computed using Eq. (5.6) as, 
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00 = ± [(0.0078 + 0.0083 + 0.0078 + 0.0083)/(12-4)J" 

± 0.06 mGal 

0 g = ± 0.06 mGal is therefore, the computed observation error 

estimate (the overall reproducibility of the gravimeter) that 

one may encounter when taking readings with this gravimeter. 

* The second Partial derivative of Eq. (5.3) results in, 

(8Ag/oh) dh d/dh(0.3086h-0.04191ph)dh (5.7) 

);> By making use of the adopted reduction density, p 2.67 

g/cm3 and the precision in the elevation determination, 0h = 10 

m, reported , the error introduced in the computed Bouguer 

anomalies due to elevation error is computed to amount to: 

(0.3086-0.04191 X 2.67)0h ± 1. 97 rnGa1. (5.8) 

* The third partial derivative of Eq. (5.3) results in, 

Wlig/Dp) dp d/dp(0.04191ph)dp (5.9) 

);> supposing that we want to achieve a reduction precision of 
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0.2 mGal in the Bouguer reduction using the Bouguer plate 

gravity formula given by 

2nGph 0.04191ph (5.10) 

The precision of density determination, which is required for 

the computation of Bouguer anomalies follows as, 

dp (1/0. 04191h) dgBP (5.11) 

For the mean elevation, h ~ 1869.15 meters, of the gravity 

stations we considered within the limits of the study area in 

the application of the reduction density, p ~ 2.67 g/cm", the 

precision of adopting this density value would amount to, 

(1/0.04191 x1869.15) x 0.2 0.0026 g/cm3 (5.12) 

The error introduced in the computation of the point Bouguer 

anomalies due to density error is therefore computed as, 

(VAg/up) dp (0.04191 x h)o-p ± 0.20 mGal (5.13) 

* The last partial derivative of Eq. (5.3) results in, 
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l/R (Dy/G\j» d<l> (5.14) 

)0> By differentiating the expression for the norma1 gravity 

gi ven by Eq. (4.20), with respect to <I> and letting R = 6371229m 

(mean earth's radius), the rate of change of the normal 

gravity with latitude is estimated by 

l/R (Dy/G\j» 0.813 sin 2<1> mGa1/km (5.15) 

For the mean latitude, <I> s 7.25° of the study area, the 

variation in the norma1 gravity is about 0.000203 mGa1 for each 

meter travelled in a N-S direction. Thus, for each meter error 

north or south in the measured position of an observation site, 

an error of 0.000203 mGal (0.000203mGal/m) will be introduced 

in the value of y. 

For the precision estimate, Roo = ± 200 m, in the determination 

of the 1atitude (UTM co-ordinates) of the gravity stations 

sca1ed from 1:250,000 and 1:50,000 topo maps, the error 

estimate in the normal gravity reduction for the computation of 

the Bouguer anomalies amounts to: 

l/R (Dy/G\j» Roo 0.04 mGal (for <I> s 7.25°) (5.16) 
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5,4 COMPILATION OF THE GRAVITY ANOiliIALY MAPS 

As a rule ofthumb, the first step in the interpretation of a geophysical survey data is compilation 

of anomaly map of the area. 

The computed Bouguer anomaly values and the total magnetic field values are repOited as Free 

- air anomaly map (FigA), Bouguer anomaly map (FigJ) and total magnetic field map (Fig.8) by 

plotting them on 1 :250,000 scale map of the study area. The contouring is made in 5 mGal and 

100 gamma contour interval (CI) isoanomaly curves. The task is perfonned using the standard 

gravity and magnetic mapping software, Geosoft (1996). 

With very few exceptions, the stations exhibit consistent trends of the gravity values, thus 

demonstrating the overall good quality of the survey. 

The judgement made on the quality of the sUlvey and the choice of the contour interval (Cl = 5 

mGaI) employed in the compiled Bouguer anomaly map are based on the level of etTor of the 

point Bouguer anomalies detemlined in section 5.3 and estimated at ± 2.82 mGa\. 

FurthemlOre, the separation of the regional eftect fi'om the Bouguer anomaly was perfonned 

using a computer program based on the trend sUlface of the regional gravity anomaly 

approximated using a polynomial surface fitting of degree 3. The corresponding residual 

anomalies were then obtained, and using the same square grid interpolation, the regional anomaly 
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map (Fig.6) and residual anomaly map (Fig.S) are produced. Preliminaty qualitative 

interpretation of these maps has been made using as a constraint, the geological and ! or 

sttuctural map (Fig.2) of the MER, compiled by G.M. DI Paola (1972), and the results of 

previous geophysical surveys discussed in chapter three. 

5.5 INTERPRETATION OF GRAVITY DATA 

5.5.1 Bouguer anomaly map: 

The Bouguer gravity anomaly map (Fig. 3) is prepared with a contour interval of S mOal. It 

shows anomaly features ranging from a minimum value of -255 mGal to -190 mGal, which is a 

typical charactetistic feature of the tift system. This Illap reveals an ovetview of the topographic 

feature and underlying cmstal stmctures. The distinction between the rift and the adjacent 

plateaux and the regional stmcture features were depicted from the map on the basis of the 

general shape and wavelenh>ths of the anomalies. However, anomalies on the Bouguer map have 

no great significance on the stmctural and geological features of shallow otigin. Separation of the 

regional and residual gravity anomalies from the Bouguer gravity map and their qualitative 

interpretation led to defining the anomalies related to deep stmctures, and local anomalies of 

shallow origin respectively. 

As shown in the previous works of Mohr and Gouin (1967,68) the rift valley is in gravity "low". 

The broad negative anomaly of the rift shown on the Bouguer map trends approximately N-S 

between longitudes 38.50"E and 39.000 E and curves to NNW-SSE orientation towards the 
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A large two dimensional gravity high is oriented in a NW-SE direction (shown as P.1 and P,,) 

which includes the Corbetti caldera. This anomalous zone is characterised by intensive slllface 

fumarolic activity. It can be associated with high density materials of the subsurface materials. In 

the nOlih central portion part of the map relative positive anomalies are present at the 

volcano-tectonic Shalla caldera which is in filled by lake Shalla water. Tltis relative positive 

anomaly P2 is located at the co-ordinates of about (38.4°E,7.5°N) wltich is the locality of lake 

Shalla, implying that higher density subsurface material are dontinant and associated in the Shalla 

caldera. 

The general view of the Bouguer anomaly map resembles that of the tOJlographic (elevation) 

map (Fig. 9) in that, the eastern escarpment of the rift is represented and shown clearly by a N-S 

alignment of the contours marking the boundary between the relative positive and relative 

negative responses. The elevated ltigh lands are delineated by these relative negative high 

responses. 

5.5.2 The free air anomaly map: 

Responses of the fi-ee air anomaly range from a minimum value of about - 65 mGaI to about 

more than 80 lllGal (Fig. 4). Tltis map is produced with a contour interval of 5 mGal. 

There is a close conelation between the pattel11 of the fi-ee air anomaly and the topography of the 

study region, which are observable on fignres (4) and (9). Tltis map is limited to support in the 
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interpretation of the Bouguer anomalies, since an over all cOiTelation can not be obtained 

between the anomalies and the subsurface geological features. However, the N-S mnning rift 

shoulder tbat was revealed by the Bouguer map is also indicated on the fi·ee air map (at the 

eastern patt). The high lands are indicated by positive fi·ee air values. 

Negative values are more dominant in the central northem part of the area, while Corbetti area is 

characteI1sed mostly with moderate positive responses. 

5.5.3 The residual anomaly map: 

The residual anomaly is prepat·e<1 with a contour interval of JimGal (Fig. 5). The residual is pm 

ofthe picture left after subtraction of the regional gravity field. Thus, the choice of the regional 

dictates the nature of the residual map. Residual gravity is a tenn adsing out of the fact that the 

conventional gravity map reflects the superposition oflocal gravity fields (anomalies) due to local 

geological structures, upon those of gravity fields caused by regional geological structures. 

Local positive and negative anomalies are shown on the residual anomaly map with amplitudes 

varying from -20 to +30 mGals. The broadest positive anomaly is shown as two dimetlSional 

striking NW -SE and includes the Urji volcano, which is in agreement with the Bouguer response 

as explained above. It is associated with fumarolic activities beginning fi·om the Corbetti caldera 

and extending NW wards. Chabbi has atl offset positive anomaly within the caldera. The largest 

positive anomaly is centred on a recent basalt flow south of lake Shalla and a less positive 

anomaly is obselvable at lake Shalla which has hot springs at the southem shore. 
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5.5.4 The I'rgionnlllnol1laly map: 

The regional anomaly map which was extracted fi'om the Bouguer map shows smoothed large 

scale regional features. The regional anomaly map (Fig. 6), shows gravity features whose values 

range fi'OlIl -244 to -196. The map indicates that these values increase fi'OlIl east towards the 

west. The low regional gravity gradient on the Ethiopian plateau also increases north eastward, 

which according to Mohr and Rogers (1966), is not evidenced in the thickness of the trap series 

or the Mesozoic sediments, nor the geology of the basement, but must be related to the thinning 

of the cmst. The wide negative regional anomaly on the Ethiopiall plateau could possibly be 

associated to the thickness of the cmst beneath the sUiface. 

5.5 Interpretation of magnetic data 

The field magnetic data were very limited, i.e. the aerial coverage is confined to only Corbetti 

areas. Thus, the map is used in the combined interpretation of the various gravity maps. As stated 

earlier the total number of stations are about 75. Figure (8) shows the magnetic anomaly map of 

Corbette and its surroundings. From this map we observe that values of the total field magnetic 

data range from about 34600 - 35300 gamma. From the trends of the magnetic contours one can 

observe a NW -SE alignment. This feature is observable on the Bouger map and is qualitatively 

interpreted as a two dimensional relative positive anomaly (marked as P3 to P4 Fig. 3). The 

Corbetti caldera is characterised by lower magnetic responses which is in the average value of 

about 34900 gamma. 
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From the alignment of the contours of the magnetic data and the gravity anomalies we observe 

that they are in agreement by mapping similar trends of geologic bodies. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDA nONS 

6.1 DISCUSSION 

Makris et.al (1969, 1970) have published papers on clUstal and upper mantle models from 

gravity measurements across the northem sector of the MER and the Afar Depression. These 

models show a thinning of the crust layers fi'oll1 south to north and an intlUsion of upper mantle 

matelial beneath the rift. There is a fair agreement with the concept that, north to south, in 

Ethiopia, we proceed from the oceanic crust of the central Red Sea Graben to the major crustal 

thinning with some oceanic crust at Eatte Ale in Afar (Maktis, 1972) and to the W Ol~i Fault Belt 

(WFB) - the axis of the Main Ethiopian Rift. 

From the forgoing analysis of the gravity atld magnetic data, the prominent point that can be 

highlighted is the con·elation between gravity and magnetic trends atld structures of the rift 

system including the study area, Corbett~ (gravity and magnetic anomaly maps). It has been 

observed that the axes of positive atlomalies, are associated with lift floor and belts of synclinal 

structures. The negative axes, on the other hand are associated with the uplifted regions and belts 

of anticlinal structures. 
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6.2 CONCLUSIONS AND RECOMM[l;NDA nONS 

Both the gravity and magnetic data over Cot'bctti and its adjacent arcas have revealed and 

confinn the stmctural weak zones which are charactclized by faults, fi-actures and the like. The 

standardization of the available gravity data have also been done so that other workers in the area 

can have make use of it. 

The main conclusions of this stndy are: 

There is an inverse correlation between the topographic relief and the gravity field in the study 

region. TIus is associated \\~th isostatic compensation of the topographic relief by low density 

matetial at depth (Maktis et. at., 1975). This is proved to be acceptable. A qualitative 

interpretation of the complied Bouguer map, using the existing linuted geological and stmctural 

infol1nation, has revealed the inverse correlation between the topograpluc relief and the Bouguer 

anomalies. The Bouger anomaly map (Fig. 3) clearly shows that the elevated areas are' 

characterised by gravity minima -255 mGal. WIllie the lower altitudes are characterised by 

relative positive anomalies. 

Local maxima and n1inima supelimposed on the broad negative regional anomaly show the 

existence of stmctural \!luts having density contrasts with the surroundings. The gravity anomaly 

map shows maxima and minima that are separated by contour lines of equal gravity value. The 

maxima correspond to the central parts of rock masses that have a density which contrasts with 
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that ofthe sUlTOundings. 

The qualitative interpretation of the gravimetric maps is to identifY and locate geological units 

their boundmies and structure indications. The existing geological features and some isolated 

structural units identified in the previous works are fhrther continned. With regard to tllis the 

Bouguer map, the free air map and the residual map, have revealed several stlUctures such as the 

eastern lift shoulder and other minor en echelon type faults. 

Besides mapping the structural indications present in the study area, these maps have delineated 

areas \\~th lligher subsUlface denser mateIials, as shown by relative positive anomalies that are 

supposed to be c<tused by the intmsion of mantle mateIials. The relatively positive anomaly of the 

MER is associated by the mass deficiency providing isostatic balance of the regional uplift to 

compensate for the relatively lower elevation of the lift floor as it was concluded by Gouin 

(1972). 

As it has been stated in the objective of tllis thesis work, the available gravity data with in the 

study region were reduced to the IGSN-71 datum, which is considered to be in a standard 

fonnat. The availability of these data will provide researchers with a considerable infonnation of 

the gravity field of the study region and could be applied for fhrther research program intended to 

be conducted in the area. 
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Recommendations: 

In view of the above conclusions, it is therefore essential to complement and refine the study of 

this slllvey by additional geophysical work such as refraction seismic, wider area coverage of 

magnetic sUlvey, transient electromagnetic (TEM) sounding, etc. By doing so, without doubt 

fillther refinement of the obselvations, and consequently of better interpretations of the area can 

be arrived at. Besides these the data can also be used for other purposes, such as exploration of 

potential economic resources like geothemml eneflo'Y resources, sulfide minerals, epitemml gold 

deposits etc. 
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