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ABSTRACT

The Curie Point Depth(CPD), sed nentarythicknesses and heat flow naps of parts of t he Chad
Basin Ngeria were generatedthrough the anal ysis of radial | og power spectral of overlapping
square bl ocks of high reso uion aeronmagnetic data This was wth a viewto eval uating t he

ther mal gradients and associated heat flow beneath the study area

N ne sheets of Hgh Resol uion Aeronagnetic Data ( HRAD of parts of the N geriansector of
Chad Basin bounded by Latitudes 11° 30 to 13° 00 and Longitudes 12° 00 to 13° 30, were
acquiredfromthe N gerian Geol ogical Surveys Agency ( NGSA). The HRAD wereinterpol ated
onto a uniformgrid at 100 mspacing using the mni num curvature gridding nmethod The
regional trend and cultural noiseinthe data were renoved using pol ynomia surface fitting and
upward continuation filtering techni ques. The filtered HRAD grid was then subdivided into
tventy-five overlapping square blocks wth dimensions of 55 km x 55 km Each bl ock was
overlapped by fifty percent withthe adjacent bl ocks. The depthtothe centrad(z;) and depthto
the top boundary of the basenent (z.) were calculated fromthe power spectrumconputed for
each bl ock and the val ues of z, and z. were usedto deter mnethe CPD The CPD val ues and
appropriatet her mal conductivity were usedtoestimatethether nmal gradients and associ aed heat
flowval ues. The results were conpiledinto CPD, sedi nentarythi cknesses and heat flow maps.
2Dforvard nodelling of profiles taking across the CPD map and the anonal ous zones of the

Reduced-to-the- Equat or map of the filtered HRAD was carried out to obtainfive nodels of the

magnetic crust inthe study area
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The magnetic anomaliesinthe study area mainly trendinthe NE-SW E-Wand ENE- WS W
directions, for whichthe NE-S Worientation predomnated The CPDs ranged bet ween 3.0 km
and 16.7 km Shallow CPD (< 3.5 kn) zones were napped at the extreme edge of the north-
western and south-western portion The sedi mentary thicknesses in the study area ranged
bet ween 1 kmand 3 km The geat her nal gradient range of 34°Qkm-— 173°Q kmand heat flow
range of 87 — 446 mW,/m* estimated for the study areaindicatedthat there were high vertical
tenperature gradients and geather nal heat flow in parts of the Chad Basin The magnetic
for vard nodelsreveal ed the variati on of t he baseme nt t opography wththe s noot her Curie poi nt
isather mlevel and the presence of sub-basins inthe study area Basenent rocks inregions of

shallow CPD were found to have richer nagnetic contentsthanthose inregions of deep CPD

The study concludedthat dry wells encounteredinthe N geriansector of the Chad Basininthe
past could have been the consequence of high nagnitude of geother mal heat flow

(= 200 mW,/m?) resultingfromshall owdepthstothe Curieisather mi nvarious parts of t he study

area.

Keywords: Sed nentary/ Curie Point Depth geother mal heat flow geother mal heat flow

topography/ aeronagnetic data
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CHAPTER ONE

I NTRODUCTI ON

11 Background of the Sudy

Certainrocktypes containsufficient magnetic mineralsto produce significant anonaliesinthe
Earth’s magnetic field The nost comnon ferromagnetic mneral inrocks is nmagnetite, thus in
most cases, the anounts of nagnetite and related mnerals present inthe rock deter mne the
magnetic susceptibility of the rock Sedi nentary rocks, for exanple, generally have a very
low magnetic susceptibility conmpared wth basenent rocks (either i gneous or mneta nor phic),
which tend to have a much higher magnetite contert. These domnant magnetic mneralsin
the crust exhibit a phenonenon characterized by a transition froma ferromagnetic stateto a
paramagneticstateat a critical te nperat ure calledthe Curietenperature. A atenperature hi gher
thanthe Curietenperature, ferromagnetic mnerals | ose nearly all nagnetic susceptihility and
becone paranagnetic, and hence the ability to generate detectable magnetic anomalies
disappears. \arious ferromagnetic mnerals have different Curie tenperatures, but the Curie
tenperature for titanomagnetite, the nost common magnetic mneral in igneous rocks, is

approxi mately 580° C(Trifonova et d., 2007).

Airborne nmagnetic nmethod has been wdely empl oyed in various local and regional scale

geophysical investigation and exploration since it was developed after World War IlI.
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Aeromagnetic data have been successfuly used to study subsurface features both at deep and
shall owdepths for structural napping of base nent nor phol ogy, faults and near-surface vol canic
rocks; geother mal investigation archeol ogical sites i nvestigation; unexpl oded ordnance ( UXO)
detection; andin prospectingfor mnerals and hydrocarbon. To examnethether nal structure of
the Earth’s crust using aeronagnetic data, the greatest potential of the nethodliesinitsabilityto
detect t he deepest level inthe crust containing naterias, whichcreate discernibesignaturesina
magneticanonaly map, i.e, the depthat whichthe Curietenperatureisreached ( Bhattacharyya

and Leu, 1975, Nwankwo et d., 2009).

Considerabl e attertion has been giventothe spatia variaioninthe subsurface tenperatureto
knowt he ther mal structure of the earth It is a known fact that the tenperatureinside the earth
directly contrds nost of the geodynamc processes that are visibde onthe surface. The t her nal
struct ure of the crust deter mnes nodes of deformation, depths of brittle and ductile defor mati on
zones, regional heat flow variations, seismcity, subsidence/uplift patterns and maturity of
organic natterinsed nentary basins ( Dol maz et al., 2005). Geot her mal gradients are very useful
as indicators of subsurface tenperature distribution; in the understanding of regional and
subregional tectonics; and in the assessent of gedther nal resource potertials of an area
(Nwankwo and Ekine, 2010). The te nperature-at-depthis one of the pri maryfactors contralling
hydrocarbon generation sedi ment diagenesis and migration of hydrocarbons and other pore
fluds ( Nwankwo and Ekine, 2010). Athoughlithosphericther mal gradients are often esti mated
from near-surface heat-flow neasurenents, but high-quality heat-flow measurenents are
soneti nes contamnated by local ther mal anomelies; are rarely distributed geographically

evenly, and are ofteni nsufficent to define regi onal ther mal structures ( Tanaka et al., 1999; Ross
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et al., 2006). On the other hand, deter mnation of the Curie point depth based on spectral
anal ysis of nmagnetic anonaly data (Spector and Grant, 1970; Bhattacharyya and Leu, 1975

Okubo et d.,
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