
 

© Obaf e mi Awol owo Uni versity, Il e-Ife, Ni geri a  
 For mor e i nf or mati on contact ir- hel p@oauife. edu. ng    
 
 

 

SPECTRAL ANALYSIS OF HI GH RESOLUTI ON AEROMAGNETI C DATA FOR THE 

DETERMI NATI ON OF CURI E POI NT DEPTHS I N PARTS OF CHAD BASI N, 

NI GERI A.  

 

 

BY 

 

SESAN CORNELI US FALADE 

B. Sc. ( Ed. ) Physi cs, ACE 

 

(SCP11/ 12/ H/ 0022) 

 

 

 

 

 

A THESI S SUBMI TTED TO THE DEPART MENT OF PHYSI CS AND ENGI NEERI NG 

PHYSI CS, FACULTY OF SCI ENCE,  OBAFEMI AWOLOWO UNI VERSI TY, I LE-I FE, 

NI GERI A I N PARTI AL FULFI LMENT OF THE REQUI RE MENTS FOR THE AWARD 

OF THE DEGREE OF MASTER OF SCI ENCE ( M. Sc.) I N PHYSI CS.  

 

 

 

2014 

 

 



ii 
 

© Obaf e mi Awol owo Uni versity, Il e-Ife, Ni geri a 
For mor e i nf or mati on contact ir- hel p@oauife. edu. ng   

 

ABSTRACT 

The Curi e Poi nt  Dept h (CPD),  sedi ment ary t hi cknesses  and heat  fl ow maps  of  parts  of  t he Chad 

Basi n,  Ni geria were generated t hrough t he anal ysis of  radi al  l og power  spectral  of  overl appi ng 

square bl ocks  of  hi gh resol uti on aeromagnetic dat a.  This  was  wit h a view t o eval uati ng t he 

ther mal gradients and associ at ed heat fl ow beneath t he st udy area.  

 

Ni ne sheets of  Hi gh Resol uti on Aer omagnetic Dat a ( HRAD)  of  parts of  the Ni gerian sect or  of 

Chad Basi n,  bounded by Latit udes  11°  30′  t o 13° 00′  and Longit udes  12° 00′  t o 13°  30′ ,  were 

acquired from t he Ni gerian Geol ogi cal  Sur veys  Agency  ( NGSA).  The HRAD were i nt erpol at ed 

ont o a unifor m gri d at  100 m spaci ng usi ng t he mi ni mu m cur vat ure griddi ng met hod.  The 

regi onal  trend and cult ural  noise i n t he dat a were r e moved usi ng pol yno mial  surface fitti ng and 

upwar d conti nuati on filteri ng t echni ques.  The filtered HRAD gri d was  then subdi vi ded i nt o 

t went y-fi ve overlappi ng square bl ocks  wit h dimensi ons  of  55 k m × 55 k m.  Each bl ock was 

overlapped by fift y percent  wit h t he adj acent  bl ocks.  The dept h t o t he centroi d ( )  and dept h t o 

the t op boundary of  t he base ment  ( )  were cal culat ed from t he power  spectrum co mput ed f or 

each bl ock and t he val ues  of    and  were used t o det er mi ne t he CPD.  The CPD val ues  and 

appr opriate t her mal  conducti vit y were used t o estimat e t he t her mal  gradi ents and associ ated heat 

fl ow val ues.  The results were co mpil ed i nt o CPD,  sedi ment ary t hi cknesses  and heat  fl ow maps. 

2D f or war d modelli ng of  profiles  t aki ng across  the CPD map and t he ano mal ous  zones  of  t he 

Reduced-t o-t he- Equat or  map of  t he filtered HRAD was  carried out  t o obtai n fi ve model s  of  t he 

magnetic crust in t he st udy area.  
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The magnetic ano mali es i n t he st udy area mai nly t rend i n t he NE–S W,  E– W and ENE– WS W 

directi ons,  for  whi ch t he NE–S W ori entati on predo mi nat ed.  The CPDs  ranged bet ween 3. 0 k m 

and 16. 7 k m.  Shall ow CPD ( < 3. 5 k m)  zones  were mapped at  t he extreme  edge of  t he nort h-

west ern and sout h- western portion.  The  sedi ment ary t hi cknesses  i n t he st udy area ranged 

bet ween 1 k m and 3 k m.  The geot her mal  gradi ent r ange of  34° C/ km –  173° C/ km and heat  fl ow 

range of  87 – 446  estimat ed f or  t he st udy area i ndi cat ed t hat  t here were hi gh vertical 

temperat ure gradi ents  and geot her mal  heat  fl ow i n parts of  t he Chad Basi n.  The magneti c 

for war d models  reveal ed the variati on of  t he basement  t opography wit h t he s moot her  Curi e poi nt 

isot her m l evel  and t he presence of  sub-basi ns  i n t he st udy area.  Base ment  r ocks  i n regi ons  of 

shall ow CPD were found to have richer magnetic cont ents t han t hose in regions of deep CPD.  

  

The st udy concl uded t hat  dry wells encount ered in t he Ni gerian sect or  of  the Chad Basi n i n t he 

past  coul d have been t he consequence of hi gh magnit ude of  geot her mal  heat  fl ow 

( )  resulti ng from shall ow dept hs  t o t he Curi e i sot her m i n vari ous  parts of  t he st udy 

area. 

Key words:  Sedi ment ary/  Curi e Poi nt  Dept h/  geot her mal  heat  fl ow/  geot her mal  heat  fl ow/  

topography/ aero magnetic data 
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CHAPTER ONE 

 

I NTRODUCTI ON 

 

1. 1 Background of the St udy 

Cert ai n r ock t ypes  cont ain sufficient  magnetic minerals t o pr oduce si gnificant  ano malies  i n t he 

Eart h’s  magnetic fi el d.  The most  co mmon ferromagnetic mi neral  i n r ocks  i s  magnetite,  t hus  i n 

most  cases,  t he a mounts of  magnetite and rel ated mi nerals present  i n t he r ock det er mi ne t he 

magnetic suscepti bility of  t he r ock.  Sedi ment ary  r ocks,  for  exa mpl e,  generall y  have  a   ver y  

low  magnetic  suscepti bility  co mpared  wit h  base ment  r ocks  (eit her  i gneous  or  met a mor phi c),  

whi ch  t end  t o  have  a   much  hi gher   magnetite cont ent.  These do mi nant  magnetic mi nerals  i n 

the crust  exhi bit  a pheno menon charact erized by a  transiti on from a  ferromagnetic st at e t o a 

para magnetic st ate at  a critical  t e mperat ure called the Curi e t e mperat ure.  At  a t e mperat ure hi gher 

than t he Curi e t e mperature,  ferromagnetic mi nerals  l ose nearl y all  magnetic suscepti bilit y and 

beco me  para magnetic,  and hence t he abilit y to generat e det ect abl e magnetic ano mali es 

di sappears.  Vari ous  ferro magnetic mi nerals have different  Curi e t e mperat ures,  but  t he Curi e 

temperat ure f or  titanomagnetite,  t he most  common magnetic mi neral  in i gneous  r ocks,  i s 

appr oxi mat el y 580o C ( Trifonova et al., 2007).  

 

Ai r borne magnetic met hod has  been wi del y empl oyed i n vari ous  l ocal  and regi onal  scal e 

geophysi cal  i nvesti gati on and expl orati on si nce it  was  devel oped after  Worl d War  II. 



2 
 

© Obaf e mi Awol owo Uni versity, Il e-Ife, Ni geri a 
For mor e i nf or mati on contact ir- hel p@oauife. edu. ng   

 

Aer omagnetic dat a have been successfull y used to st udy subsurface features  bot h at  deep and 

shall ow dept hs  f or  structural  mappi ng of  base ment  mor phol ogy,  faults and near-surface vol cani c 

rocks;  geot her mal  i nvestigati on;  archeol ogi cal  sites  i nvesti gati on;  unexpl oded or dnance ( UXO) 

det ecti on;  and i n pr ospecting f or  mi nerals and hydrocarbon.  To exa mi ne t he t her mal  str uct ure of 

the Eart h’s  crust  usi ng aeromagnetic dat a,  t he greatest  pot ential  of  t he met hod lies  i n its  abilit y t o 

det ect  t he deepest  l evel  in t he cr ust  cont ai ni ng materials,  whi ch creat e di scerni bl e si gnat ures  i n a 

magnetic ano mal y map,  i .e.,  t he dept h at  whi ch t he Curi e t e mperat ure i s  reached ( Bhatt achar yya 

and Leu, 1975; Nwankwo et al., 2009). 

 

Consi derabl e attenti on has  been gi ven t o t he spatial  variati on i n t he subsurface t e mperat ure t o 

know t he t her mal  struct ure of  t he eart h.  It  i s  a known fact  t hat  t he  t e mperat ure i nsi de t he eart h 

directl y controls  most  of t he geodyna mi c pr ocesses  t hat  are vi si ble on t he surface.  The t her mal 

struct ure of  t he cr ust  deter mi nes  modes  of  deformati on,  dept hs  of  brittle and ductile def or mati on 

zones,  regi onal  heat  fl ow vari ati ons,  seis mi cit y,  subsi dence/ uplift  patterns  and mat urit y of 

or gani c matter  i n sedi ment ary basi ns  ( Dol maz  et  al.,  2005).  Geot her mal  gradi ents  are very usef ul 

as  i ndi cat ors  of  subsurface t e mperat ure di stri buti on;  i n t he understandi ng of  regi onal  and 

subregi onal  t ect oni cs;  and i n t he assess ment  of  geot her mal  resource pot entials of  an area 

( Nwankwo and Eki ne,  2010).  The t e mperat ure-at-dept h i s  one of  t he pri mary fact ors  controlli ng 

hydr ocarbon generati on,  sedi ment  di agenesis  and mi grati on of  hydr ocarbons  and ot her  pore 

fl ui ds  ( Nwankwo and Ekine,  2010).   Alt hough lithospheric t her mal  gradi ents  are often esti mat ed 

from near-surface heat-flow measure ments,  but  hi gh-qualit y heat-flow measure ment s  are 

someti mes  cont a mi nated by l ocal  t her mal  anomali es;  are rarel y di stribut ed geographi call y 

evenl y;  and are often i nsufficient  t o defi ne regi onal  t her mal  struct ures  ( Tanaka  et  al.,  1999;  Ross 
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et  al.,  2006).  On t he other  hand,  det er mi nati on of  t he Curi e poi nt  depth based on spectral 

anal ysis of  magnetic ano mal y dat a ( Spect or  and Gr ant,  1970;  Bhattacharyya and Leu,  1975; 

Okubo et al., 
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