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ABSTRACT 
Integrated geophysical studies of part of Bornu basin using twenty three 

migrated seismic sections, aeromagnetic and well log data was carried out to 

ascertain the hydrocarbon potential of the basin. The fault maps showed 
three regional growth faults (F1,F2 and F6) and normal fault (F4) trending 

Northwest-Southeast direction with migrated faults (F3 and F5) which are 

clear indication of post-tectonic events. Correlation of all the identified faults 
with modeled profiles from the aeromagnetic data shows that the faults are 

basement detached. The effect in terms of source degradation due to active 

heat transmission from the magmatic basement intrusion is expected to be 

insignificant. There is high prospect of hydrocarbon in the eastern part of the 
study area. The southeastern region of the study area depicts a favourable 

area for location of hydrocarbon wells because of the high sediment 

thickness and appropriate range of velocity values for sand reservoirs. The 
marked reservoir sands in the study area are well developed to enhance 

accumulation of hydrocarbon with Gaibu-1 and Kinarsar-1 sands as the most 

developed. The well log analysis shows two wells namely Gaibu-1 and 

Kinasar-1 to be productive.   

 

INTRODUCTION 

The interpretation of geophysical data has proved to be useful and efficient in the analysis of 
basin tectonics and sedimentation variation in basement topography as well as speculation on 

the hydrocarbon potentials of a basin.  At the reconnanssance stage, the first target is to 

delineate the basin in which a thick sequence of sedimentary rock has been deposited. It is this 
basin that harbors petroleum source rocks, which having been deeply buried, expelled oil and 

gas into porous and permeable reservoir rocks. At this stage only a generalized picture of the 

subsurface is required and mostly gravity and magnetic methods are utilised. The gravity 

method is based on the measurement of density materials and the determination of the density 
constract between different materials within a survey area. Aeromagnetic survey is used for 

estimation of variation of depth to the underlying basement rocks and hence to determine 

indirectly regions of major sediment accumulation.  The next phase is to use the seismic 
reflection method for identification of geologic structures and for features that are potential oil 

and gas traps. Seismic reflection method has been the most important and direct of all 

geophysical methods used in hydrocarbon exploration due its high accuracy, high resolution 
and great depth of penetration. Well logging method is used to determine the volume of 

recoverable hydrocarbon, location of reserviour, fluid content etc.  Thus interpretation of 

integrated geophysical data has proved to be more useful and efficient in the analysis of basin 

tectonics and sedimentation variation in basement topography as well as speculation on the 
hydrocarbon potentials of a basin. 
 
The new drive to get oil in the Chad Basin followed the commercial discoveries in the 

neighbouring Niger, Chad and Central African Republics in their portions of the Chad Basin. 

This spurred the need to further appraise the Nigerian portion of the Chad Basin and Benue 
Trough due to similarity in their geological setting, Ayoola et al (1982).  The Bornu basin is 
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one of the intensively explored basin from 1976 till 2012 after the Niger Delta.  Currently, 

about 380 square kilometres of data has been acquired by a subsidiary of NNPC.   
 

LOCATION OF STUDY AREA 
The study area lies within the Northeast-Southwest direction of the basin. It is along latitude 
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E.  It covers an area of about 20 

by 40 kilometre square of the total land mass of the basin. In the concessional map of the basin, 

it is located in oil prospecting lease (OPL) 721 and 722 with  part of the study area within OPL 
732 and 733( Fig 1.0). The area of study is situated onshore. Accessibility is by road and by air. 

The average temperature during rainy season is approximately 32
o
C; the hottest month of the 

year is April when temperature can reach well over 43
o
C (Nwaezeapu, 1992). 

 

 

 

 

 

 

 

 

  

Fig. 1.0: Location map of the study area 
 
The Nigerian sector of the Chad Basin provides possible source rocks, reservoir beds and 

structural environment required for the formation of hydrocarbon. But just like any other rift 
related Basin, the rapid sedimentation often lead to facies changes which makes it difficult in 

noticing probable reservoirs in a processed seismic section. Poor resolution due to limitation in 

acquisition and processing has further hampered subsurface interpretation using only seismic 
sections. Therefore, a proper understanding of the structural stratigraphic and environment of 

deposition of the Basin will lean heavily on detailed study and adequate interpretation of data 

derived from different techniques. This work therefore attempts to integrate the results from the 

analysis and interpretation of aeromagnetic, seismic and well log data. 
 

MATERIALS AND METHOD 
Thirteen dip lines and ten strike seismic reflection lines trending northwest-southeast and 

northeast –southwest direction respectively and a suite of borehole logs from six wells (Fig. 2) 

and, Table (1) were used in this study. They were visually studied to see whether the structural 
and stratigraphic features such as fault, fold, unconformity and intrusive bodies for which the 

Bornu basin is well known for can easily be seen. Cratchley (1960), Carter, et al (1963), 

Cratchley et al (1984), Avbovbo, et al (1986). Qualitative and quantitative techniques were 

adopted in the analysis of the data. Four horizons were chosen from a strike line with minimum 
deformation and continuous reflection character.  These horizons were traced along the seismic 

section and as the horizon met crossing line, the crossing line section was folded vertically at 

the intersection point and aligned with the unfolded section.  The horizons were then traced on 
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the unfolded section. At fault intersection, the line was folded so that the fault was concealed 

and the horizons correlated.  

 

 

 

 

 

 

 

 

 

Fig:2.0 Location map of study area showing seismic reflection lines. 
 

The traced horizons and faults were tied on other profiles around a loop using parameters such 

as event strength, amplitude and coherency as guides to ensure continuity of the same structural 
information in all the profiles, noting the points of misties which can help to locate hidden 

faults (Cox, 1996; Grant and West, 1965; Kearey and Brooks, 1984; Mcquillin et al., 1984 and 

Dobrin and Savit, 1988). The three Aeromagnetic maps used in the study were obtained from 
Geological Survey of Nigeria. These maps were digitized along flight lines of 2.5km resulting 

in the generation of 18,240 data points. These data were later readjusted to fit into a subroutine 

digitization programme using an interval of 3km to impose directly a Nyquist frequency of 
1/3Hz. This apparently implies that all magnetic anomalies less than 3km in width cannot be 

resolved with this digitizing interval (Nwogbo et al., 1991). According to Ajakaiye and Ajayi 

(1981) and Ananabas and Ajakaiye (1983) this interval is very suitable for the portrayal and 

interpretation of magnetic anomalies arising from regional crustal structures because crustal 
anomalies are much larger than 6km and therefore lie in a frequency range for which 

computational errors arising from aliasing do not occur with a 3km digitazation interval. 
 

RESULTS AND DISCUSSION 

Description of layers 
The layers constitute sediment bodies within the mapped horizons. Within the area of study, 

five layers have been delineated and labelled accordingly, Fig. (3). 
 
Layer I: Extends from the ground surface to a depth of 268m. It comprises the Chad formation 

deduced from well logs. The isopach and interval velocity maps are constructed for this layer I. 

Layer II: This is the layer whose top is horizon I. It commences at a depth of 268m to 1148m, 
it is thicker than layer one and lies within the Kerri Kerri Formation and Gombe Sandstone. 

The thickness values are computed for this layer so also the isopach and isovelocity, maps are 

constructed for this layer. 
Layer III: Layer starts at a depth range of 1148m to 1960m. It lies within Gombe Sandstone 

and Fika Formation. The following isopach and the interval velocity are constructed for this 

layer from their estimated values. 
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Layer IV: This is the layer whose top is Horizon three. It extends from 1960m to 2910m. The 

zone is composed of Fika Formation and Gongilla Formation. The isovelocity and the isopach 
maps are constructed for this layer from their various estimated values. 

Layer V: Extends from 5426m to 11366m. The zone is composed of Gongilla Formation and 

part of Bima Sandstone. It has horizon four as its top. The interval velocity and isopach maps 

are constructed for this layer.  
 
Table 1.0: Well location and wireline log used for the study 

Well  Depth (m)  Type of logs  

    Lithology  Resistivity Porosity  

Gaibu-1  25-4620 CAL.,GR&SP  MSFL, ILD ∆T & RHOB  

Kinasar-1  45-4665 CAL. & GR  SN & ILD ∆T & RHOB  
Krumta-1  15-2950 CAL. & GR  SN & ILD ∆T & RHOB  

Masu-1  1996-3104 CAL. & GR  MSFL & ILD ∆T & RHOB  

Tuma – 1  33-3628 CAL. & GR  SN & ILD ∆T & RHOB  

Wadi -1  539-3225 CAL. & GR  SN & ILD ∆T & RHOB  

 Key: 

CAL. =  Caliper  log             ILD    =  Deep Induction Resistivity Log 

SP  =  Spontaneous Potential Log      ∆T    =  Sonic Log 

GR  =  Gamma Ray Log                       RHOB = Density Log 

SN =  Short Normal Log 

MSFL    =  Microspherical Focus Log 
 
The fault plane and Isopach maps of study area 
Figure 4 depicts the fault plane map with six faults mapped. The two regional faults F1 and F2 
are trending in the Northwest- Southeast direction with a secondary antithetic member F3 

which dips in the opposite direction to F1.  Close to F3 is another normal fault F4 with a 

sediment thickness ranges from 1100m to 2100m with the northwestern region  having low 
sediment thickness (1100m- 1600m) while the northeastern and lower central south regions 

have sediment thicknesses ranging from 1700m to 2050m and 1550m to 1800m respectively, 

(this two region are well location sites for Krumta-1 and Gaibu-1 wells). 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

Fig. 3: Geoseismic interpretation of line Chd-86-860 

 

 The southeastern part of this map shows sediment thickness variation from 1900m – 2100m. 
This map shows closures coinciding with zones of thick sediments. Fig. 6 shows a complex 

velocity structure with distribution range between 4420m/s to 4720m/s. This map records low 
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velocity values around well location ranging from 4420m/s to 4520m/s and 4380m/s to4480m/s 

while the southeastern part velocity values range from 4480m/s to4580m/s. The northwestern 
region has high velocity value of 4720m/s to 4460m/s. 

 

Correlation of seismic and aeromagnetic data 
The display of the 2.5D forward and inverse modeling result of profile I drawn through the 
center of the study area is shown in Fig. 7. The 100 km long profile show clearly that the basin 

structure is that of horst and graben with numerous fault surfaces.  The presence of intra-

sediment intrusive as well as magmatic basement influence has led to variation in sediment 
thickness across the entries basin. These intrusives which are confirmed to be dioritic sills 

(Ofoegbu and Onuoha, 1991 and Udensi 2001) yielded magnetic intensity not greater than 

10nT. The profile shows that a maximum sediment thickness of 7.5km in the steepest graben-
filed section and this decreases to 1.5 – 2.5km over the horst.  The presences of these faults 

have been confirmed from the seismo-structural analysis of seismic line shot within the area as 

shown by the fault plane maps earlier discussed. 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 
Fig. 4.0: Fault plane map of the study area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.0 : Constructed Isopach map of identified layer of the study area 
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Fig. 6.0 : Constructed isovelocity map of identified layer 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
Fig. 7.0: Modeled profile 1 along Maiduguri axis 

Key:    Body 1                            Sediment 

 Body 2, 4, 7                    Intrasediment intrusives 

 Body 3, 5, 6                    Basement intrusives 

 

It is inferred from both seismic and the 2.5D modeling results that most of the fault surfaces 

delineated in the area are most probably basement detached features especially within the 
graben-filled sections.  Their effect in terms of source rock degradation due to active heat 

transmission from the magmatic basement materials is expected to be insignificant.  This 

implies that hydrocarbon prospecting should hold more promise in this sector of the study area. 

 

Qualitative cross well seismic interpretation 

Reflection seismic data is normally processed to enhance structural features at the expense of 

amplitude consequently; it is needful to compliment seismic data with borehole logs so as to 
know the horizons and layers in the section that are productive (Helander, 1983 and Rider, 

1986).  
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A time to depth conversion curve of the study area was used for this exercise and correlation 

between the seismic time, depth and lithology of the prospective layer was carried out  for the 
wells that have seismic reflection line cutting across them and Table 2 shows the relationship 

between identified reservoir intervals, seismic horizon and layers.  The layers described below 

are based on the interpreted seismic profiles with well log curves. 

Layer I: Extends from the surface to a depth of 400m. It is composed of shale with thin sand 
intercalation which increases in thickness with depth. This layer may be part of the Chad 

formation and is not productive.  

Layer II:  Extends from 400m to 620m and lies within the Kerri-Kerri formation. The 
lithology consists of alternating sand and shale layers. Borehole data reveals non productive 

layer. 

Layer III: The depth range is from 620m to 875m and situated within the Gombe sandstone 
formation. It is predominantly made of thick sand bodies. This layer is likely to be productive 

toward its base as revealed by the interpreted borehole data 
 
Table  2.0: Relationship between reservoir interval, seismic horizons and layer 

Well 
 location 

 
 

Reservoir interval 
range (m)   

 
 

Thickness 
(m)   

 
 

 Seismic 
horizon 

 
 

Seismic 
layer 

 
 

Remark 

Gaibu-1  320-360 

1380-1410 

1550-1610 

3510-3610 

4100-4160 

 

 

 

 

 

40 

30 

60 

100 

60 

I,III,IV & V I,III,IV & V  productive 

Kinasar-

1 

 320-380 

605-735 

327-3300 

4300-4470 

4515-4535 

 

 

 

 

 

60 

130 

30 

170 

20 

I,II,IV & V I,II,IV & V  productive 

Krumta-
1 

 395-410 
1440-1520 

 
 

15 
80 

I & III I & III  Not 
productive 

Masu-1 

 

 

 

2070-2140 

2510-2540 

2730-2765 

 

 

 

70 

30 

35 

I & III II & III  Not 

productive 

Tuma -1  660-720 

1570-1590 

2050-2115 

2850-2900 

3025-3070 
3475-3485 

 

 

 

 

 
 

20 

65 

45 

10 

60 
50 

II,III, &IV II,III, &IV  Not 

productive 

 

 

Wadi-1 

 

 

 

340-365 

600-715 

1460-1600 

2710-2720 

 

 

 

 

25 

115 

10 

140 

I,II & III  I,II,&III  Not 

productive 

 
Layer IV: The depth range is from 875m to 1905m and the upper part of this region is mainly 

made up of thick shales while the lower part is intercalation of shale and sand. This layer 
contains no hydrocarbon as evidenced from the well log data and it is the Fika formation. 

Layer V: It extends from 1905m to 3265m. It is the most productive zone within the study 

area. It is composed of shaly sand and situated within the Gongila formation. There is an 

observed decrease in shale within this zone and a corresponding increase in sand as the well 
penetrates downward through this formation. 

Layer VI: This extends from 3205m to 4650m. The well data shows a shaly sand dominanted 

zone. This may likely be the Bima formation as indicated by the massive increase in sand as the 
well penetrates downward. This zone is not productive.  
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CONCLUSION 
The fault maps showed three regional growth faults (F1, F2 and F6) and normal fault (F4) 
trending Northwest-Southeast direction with migrated faults (F3 and F5) which are clear 

indication of post-tectonic events in the study area. There is a general decrease in the throws of 

all the identified faults with depth. Correlation of all the identified faults with modeled profiles 

from the aeromgnetic data shows that the faults are basement detached. The effect in terms of 
source degradation due to active heat transmission from the magmatic basement intrusion is 

expected to be insignfiicant. This implies that hydrocarbon prospecting should hold more 

promise in this eastern part of the study area. The southeastern region of the study area depicts 
a favourable area for location of wells because of  the high sediment thickness  and appropriate 

range of velocity values for sand reaservoirs. 
 
The presence of hydrocarbon habouring structures was confirmed within the study area and the 

effect of the identified basement detached faults in relation to magmatic basement intrusion was 

also examined. The marked reservoir sands in the study area are well developed to enhance 
accumulation of hydrocarbon with Gaibu-1 and Kinarsar-1 sands as the most developed. The 

well log analysis shows two wells namely Gaibu-1 and Kinasar-1 to be productive.  The 

compaction trend of the study area is normal which indicates hitich – free drilling in the area. 
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