
 

 © Obafemi Awolowo University, Ile
 For more information contact 
 
 

THERMAL MATURITY ASSESSMENT AND CHARACTERIZATION OF 

CRUDE OILS FROM EXXONMOBIL JOINT VENTURE A

                                                       

A THESIS SUBMITTED TO THE DEPARTMENT OF GEOLOGY, FACULTY OF SCIENCE IN 

PARTIAL FULFILMENT FOR THE AWARD OF MASTER OF SCIENCE DEGREE IN APPLIED 

GEOLOGY (PETROLEUM OPTION), OBAFEMI A

  

© Obafemi Awolowo University, Ile-Ife, Nigeria  
For more information contact ir-help@oauife.edu.ng   

THERMAL MATURITY ASSESSMENT AND CHARACTERIZATION OF 

CRUDE OILS FROM EXXONMOBIL JOINT VENTURE A

EASTERN NIGER DELTA, NIGERIA. 

 

BY 

 

SUNDAY JOSEPH OMOTOYE 

B.Sc. (Hons.) Geology (OAU) 

                                                       SCP11/12/R/0123 

 

 

 

 

A THESIS SUBMITTED TO THE DEPARTMENT OF GEOLOGY, FACULTY OF SCIENCE IN 

PARTIAL FULFILMENT FOR THE AWARD OF MASTER OF SCIENCE DEGREE IN APPLIED 

GEOLOGY (PETROLEUM OPTION), OBAFEMI AWOLOWO UNIVERSITY,

 

 

 

 

 

2015 

 

 

  

THERMAL MATURITY ASSESSMENT AND CHARACTERIZATION OF 

CRUDE OILS FROM EXXONMOBIL JOINT VENTURE AREA IN THE 

A THESIS SUBMITTED TO THE DEPARTMENT OF GEOLOGY, FACULTY OF SCIENCE IN 

PARTIAL FULFILMENT FOR THE AWARD OF MASTER OF SCIENCE DEGREE IN APPLIED 

WOLOWO UNIVERSITY, ILE-IFE, NIGERIA. 



 © Obafemi Awolowo University, Ile
 For more information contact 
 

                                                     

This is to certify that OMOTOYE Sunday Joseph executed this research 

work in partial fulfillment of the requirements for the award of Master

Science Degree in Applied Geology, Geology Department, Faculty of 

Science, Obafemi Awolowo University, Ile

 

 

          …………………….                                                              …………………………

           Dr. S.A. Adekola          

             (Supervisor)                                                                            

                                                                                             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

                                                     CERTIFICATION 

This is to certify that OMOTOYE Sunday Joseph executed this research 

work in partial fulfillment of the requirements for the award of Master

Science Degree in Applied Geology, Geology Department, Faculty of 

Science, Obafemi Awolowo University, Ile-Ife, Nigeria. 

…………………….                                                              …………………………

Dr. S.A. Adekola                                                                  Dr. A.A. Adepelumi

                                                                            (Chief Examiner

                                                                                                      (Head of Department)

                                                 

 Page 2 

This is to certify that OMOTOYE Sunday Joseph executed this research 

work in partial fulfillment of the requirements for the award of Master of 

Science Degree in Applied Geology, Geology Department, Faculty of 

…………………….                                                              ………………………… 

Dr. A.A. Adepelumi 

Chief Examiner) 

(Head of Department) 



 

 © Obafemi Awolowo University, Ile
 For more information contact 
 
 

 DEDICATION 

This research work is dedicated to

and grace for the successful completion of this program and to my Late 

father Pa. M.O. Omotoye.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                  

  

© Obafemi Awolowo University, Ile-Ife, Nigeria  
For more information contact ir-help@oauife.edu.ng   

This research work is dedicated to the Almighty God, for His love, mercy 

and grace for the successful completion of this program and to my Late 

father Pa. M.O. Omotoye. 

                                                  

  

the Almighty God, for His love, mercy 

and grace for the successful completion of this program and to my Late 



 

 © Obafemi Awolowo University, Ile
 For more information contact 
 
 

                                      ACKNOWLEDGEMENTS

I want to sincerely appreciate the

and opportunity given to me to successfully complete this programme. 

Many individuals have contributed to

to be appreciated.  

To my supervisor, Dr. S.A. Adekola, I say thank you very much for your 

unfading efforts and keen interest

attend and listen to me

beginning to the end of this research work. Sir,

and wish you success in all your endeavours

This research work was greatly supported by Mobil Producing Nigeria 

Unlimited (MPN) by given me Postgraduate Internship position, 

of necessary data and allowing me access to the petroleum geochemistry 

laboratory of the company at Qua Iboa Terminal (QIT) Eket. I really 

appreciate such an opportunity

facilitated such opportunity and fo

grateful to my industry supervisor, Dr. Chidi Eneogwe for his mentorship 

and interest in this work. He properly introduced me to the manual 

interpretation of chromatograms and the full applications of biomarkers in 

the oil industry business. Mr. Martins and Okolosi are great laboratory 

technicians; you are really of help to me in the use of Gas Chromatography 

and Gas Chromatography 

  

© Obafemi Awolowo University, Ile-Ife, Nigeria  
For more information contact ir-help@oauife.edu.ng   

ACKNOWLEDGEMENTS 

I want to sincerely appreciate the Almighty God for His grace, strength 

and opportunity given to me to successfully complete this programme. 

Many individuals have contributed to the success of this work and deserve 

supervisor, Dr. S.A. Adekola, I say thank you very much for your 

unfading efforts and keen interest in this work. You are always willing to 

attend and listen to me. The product of your support is evident from the 

inning to the end of this research work. Sir, I am indeed very grateful

and wish you success in all your endeavours.  

h work was greatly supported by Mobil Producing Nigeria 

Unlimited (MPN) by given me Postgraduate Internship position, provision 

of necessary data and allowing me access to the petroleum geochemistry 

laboratory of the company at Qua Iboa Terminal (QIT) Eket. I really 

appreciate such an opportunity. I am indebted to Prof. M.A. Rahaman who 

facilitated such opportunity and for his interest in this work. I am deeply 

grateful to my industry supervisor, Dr. Chidi Eneogwe for his mentorship 

and interest in this work. He properly introduced me to the manual 

interpretation of chromatograms and the full applications of biomarkers in 

the oil industry business. Mr. Martins and Okolosi are great laboratory 

technicians; you are really of help to me in the use of Gas Chromatography 

and Gas Chromatography – Mass Spectrophotometry.   

  

for His grace, strength 

and opportunity given to me to successfully complete this programme. 

k and deserve 

supervisor, Dr. S.A. Adekola, I say thank you very much for your 

You are always willing to 

from the 

I am indeed very grateful 

h work was greatly supported by Mobil Producing Nigeria 

provision 

of necessary data and allowing me access to the petroleum geochemistry 

laboratory of the company at Qua Iboa Terminal (QIT) Eket. I really 

I am indebted to Prof. M.A. Rahaman who 

r his interest in this work. I am deeply 

grateful to my industry supervisor, Dr. Chidi Eneogwe for his mentorship 

and interest in this work. He properly introduced me to the manual 

interpretation of chromatograms and the full applications of biomarkers in 

the oil industry business. Mr. Martins and Okolosi are great laboratory 

technicians; you are really of help to me in the use of Gas Chromatography 



 © Obafemi Awolowo University, Ile
 For more information contact 
 

Dr. A.A. Akinlua’s contributions to the success of this wo

appreciated. You are always available to put me right in the course of this 

research work. Thanks a lot

To all members of staff of the Department of Geology, Obafemi Awolowo 

University, Ile-Ife, Professor M

Professor V.O. Olarewaju, Professor J.I. Nwachukwu, Professor J.O. 

Ajayi, Dr. I.A. Tubosun, Dr. A.A. Adepelumi, Dr. S.L. Fadiya, Dr. A.A. 

Oyawale, Dr. O. Alao, Dr. D.E. Falebita, Dr. O.A. Olorunfemi, Mr. B.M. 

Salami, Mr. N. Olanrewaju and Mr. K. Ogundele. I say a big thank you. 

My sincere appreciation goes to Mr. T.A. Adesiyan of the Department of 

Geology, Obafemi Awolowo University Ile

moral support and encouragement since my undergradu

measured. God Almighty will continue to uphold you and your family.

I am highly indebted to my mother Mrs. E.I. Omotoye and my siblings, 

Mr. S.O. Omotoye, Mr. and Mrs. Omotosho, Taiwo Omotoye (Miss), 

Deborah Omotoye (Miss) and Tosin Omot

and encouragement are of great impact to the success of this programme. I 

also want to appreciate my uncles, Mr. Dele Ilori, Mr. Layi Ilori and Mr. 

Lanre Omotoye and my friends, Mr. Opeyemi Ayandeji, Mr. Oyeleye 

Oyeyinka, Mr. Niyi Babalola and Mr. Femi Fagite. I cherish you all. 

My appreciation goes to Mr. Peter Ogunseiju of ExxonMobil Producing 

Nigeria Unlimited and his family for their moral support, prayers and 

encouragement all the time. Mr. Samuel Adeoye of the Registry 

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

Dr. A.A. Akinlua’s contributions to the success of this work are sincerely 

You are always available to put me right in the course of this 

Thanks a lot for your interest in this work.  

To all members of staff of the Department of Geology, Obafemi Awolowo 

Ife, Professor M.B. Salami, Professor M.O. Olorunfemi, 

Professor V.O. Olarewaju, Professor J.I. Nwachukwu, Professor J.O. 

Ajayi, Dr. I.A. Tubosun, Dr. A.A. Adepelumi, Dr. S.L. Fadiya, Dr. A.A. 

Oyawale, Dr. O. Alao, Dr. D.E. Falebita, Dr. O.A. Olorunfemi, Mr. B.M. 

Mr. N. Olanrewaju and Mr. K. Ogundele. I say a big thank you. 

My sincere appreciation goes to Mr. T.A. Adesiyan of the Department of 

Geology, Obafemi Awolowo University Ile-Ife and his family. Your love, 

moral support and encouragement since my undergraduate days cannot be 

measured. God Almighty will continue to uphold you and your family.

I am highly indebted to my mother Mrs. E.I. Omotoye and my siblings, 

Mr. S.O. Omotoye, Mr. and Mrs. Omotosho, Taiwo Omotoye (Miss), 

Deborah Omotoye (Miss) and Tosin Omotoye (Miss). Your prayers, love 

and encouragement are of great impact to the success of this programme. I 

also want to appreciate my uncles, Mr. Dele Ilori, Mr. Layi Ilori and Mr. 

Lanre Omotoye and my friends, Mr. Opeyemi Ayandeji, Mr. Oyeleye 

Niyi Babalola and Mr. Femi Fagite. I cherish you all. 

My appreciation goes to Mr. Peter Ogunseiju of ExxonMobil Producing 

Nigeria Unlimited and his family for their moral support, prayers and 

encouragement all the time. Mr. Samuel Adeoye of the Registry 

 Page 2 

rk are sincerely 

You are always available to put me right in the course of this 

To all members of staff of the Department of Geology, Obafemi Awolowo 

.B. Salami, Professor M.O. Olorunfemi, 

Professor V.O. Olarewaju, Professor J.I. Nwachukwu, Professor J.O. 

Ajayi, Dr. I.A. Tubosun, Dr. A.A. Adepelumi, Dr. S.L. Fadiya, Dr. A.A. 

Oyawale, Dr. O. Alao, Dr. D.E. Falebita, Dr. O.A. Olorunfemi, Mr. B.M. 

Mr. N. Olanrewaju and Mr. K. Ogundele. I say a big thank you.  

My sincere appreciation goes to Mr. T.A. Adesiyan of the Department of 

Ife and his family. Your love, 

ate days cannot be 

measured. God Almighty will continue to uphold you and your family. 

I am highly indebted to my mother Mrs. E.I. Omotoye and my siblings, 

Mr. S.O. Omotoye, Mr. and Mrs. Omotosho, Taiwo Omotoye (Miss), 

oye (Miss). Your prayers, love 

and encouragement are of great impact to the success of this programme. I 

also want to appreciate my uncles, Mr. Dele Ilori, Mr. Layi Ilori and Mr. 

Lanre Omotoye and my friends, Mr. Opeyemi Ayandeji, Mr. Oyeleye 

Niyi Babalola and Mr. Femi Fagite. I cherish you all.  

My appreciation goes to Mr. Peter Ogunseiju of ExxonMobil Producing 

Nigeria Unlimited and his family for their moral support, prayers and 

encouragement all the time. Mr. Samuel Adeoye of the Registry 



 © Obafemi Awolowo University, Ile
 For more information contact 
 

Department, Obafemi Awolowo University, Ile

for his encouragement and support all the time.

I am grateful to everyone that has contributed one way or the other to the 

successful completion of this programme, God bless you all.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                          

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

Department, Obafemi Awolowo University, Ile-Ife, is highly appreciated 

for his encouragement and support all the time. 

I am grateful to everyone that has contributed one way or the other to the 

successful completion of this programme, God bless you all.   

                                                          

 Page 3 

Ife, is highly appreciated 

I am grateful to everyone that has contributed one way or the other to the 



 

 © Obafemi Awolowo University, Ile
 For more information contact 
 
 

                                              TABLE OF CONTENTS

                      Contents                                                                                        

 

Title                                                                                                    

i 

             Certification                                                                                        ii

Dedication                                                                                         iii

Acknowledgement                     

Table of Contents                                                                             vii

List of Figures                                                                                   xi

List of Tables                                                                                    xv

Abstract                                                                                            xvi

           CHAPTER ONE

                       1.0      Introduction                                                                             

1 

                       1.1      Petroleum Origin and Gen

3          

                    1.2    Petroleum Migration a

                        1.3     Location of t

                        1.4     Literature Review                                                                  8

  

© Obafemi Awolowo University, Ile-Ife, Nigeria  
For more information contact ir-help@oauife.edu.ng   

TABLE OF CONTENTS 

Contents                                                                                        

Title                                                                                                    

Certification                                                                                        ii

Dedication                                                                                         iii

Acknowledgement                                                                            

Table of Contents                                                                             vii

List of Figures                                                                                   xi

List of Tables                                                                                    xv

Abstract                                                                                            xvi

CHAPTER ONE                                                                               

1.0      Introduction                                                                             

Petroleum Origin and Generation                                     

Petroleum Migration and Accumulation                                

Location of the Study Area                                                    

Literature Review                                                                  8

  

Contents                                                                                            Page 

Title                                                                                                    

Certification                                                                                        ii 

Dedication                                                                                         iii 

                                                       iv 

Table of Contents                                                                             vii 

List of Figures                                                                                   xi                         

List of Tables                                                                                    xv 

Abstract                                                                                            xvi 

                                                                           1 

1.0      Introduction                                                                             

                                     

                                4 

                                                    5 

Literature Review                                                                  8 



 © Obafemi Awolowo University, Ile
 For more information contact 
 

                         1.5    Statement of Research Problem

                        1.6        Aim and Objectives                                                              20

 CHAPTER TWO

                       2.1      Introduction                                                                               21

                       2.2      Mega Tectonic Setting                                                              22

                       2.3      Evolution of the Niger Delta                                                   24

                       2.4      Stratigraphy of the Study Area                                                26

                                   2.4.1 Akata Formation        

                                   2.4.2 Agbada Formation                                                          28

                                   2.4.3 Benin Formation                          

                      2.5       Niger Delta Tectonics                                                               30

                      2.6       Subsurface Structures of the Delta                                 

                                  2.6.1 Clay Substratum                                                             31

                                  2.6.2 Growth Faults                                                                32

                                  2.6.3 Roll Over Structures                                                      32

                                  2.6.4 Diapiric Structures                                                        33

                      2.7       Stratigraphic Traps and Seals in Delta

                      2.8       Economic Deposits of Delta

                   

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

1.5    Statement of Research Problem                                           

1.6        Aim and Objectives                                                              20

CHAPTER TWO - Niger Delta Regional Geology                       

2.1      Introduction                                                                               21

2.2      Mega Tectonic Setting                                                              22

lution of the Niger Delta                                                   24

2.4      Stratigraphy of the Study Area                                                26

2.4.1 Akata Formation                                                             

2.4.2 Agbada Formation                                                          28

2.4.3 Benin Formation                                                             

2.5       Niger Delta Tectonics                                                               30

2.6       Subsurface Structures of the Delta                                 

2.6.1 Clay Substratum                                                             31

2.6.2 Growth Faults                                                                32

2.6.3 Roll Over Structures                                                      32

2.6.4 Diapiric Structures                                                        33

Stratigraphic Traps and Seals in Delta                                  

Economic Deposits of Delta                                                 

 Page 2 

                                           20 

1.6        Aim and Objectives                                                              20 

                       21 

2.1      Introduction                                                                               21 

2.2      Mega Tectonic Setting                                                              22 

lution of the Niger Delta                                                   24 

2.4      Stratigraphy of the Study Area                                                26 

                                                     28 

2.4.2 Agbada Formation                                                          28 

                                   29 

2.5       Niger Delta Tectonics                                                               30 

2.6       Subsurface Structures of the Delta                                           31 

2.6.1 Clay Substratum                                                             31 

2.6.2 Growth Faults                                                                32 

2.6.3 Roll Over Structures                                                      32 

2.6.4 Diapiric Structures                                                        33 

                                 33 

                                               33 



 

 © Obafemi Awolowo University, Ile
 For more information contact 
 
 

  CHAPTER THREE- Materials and Method

                     3.1      Oil Samples

                     3.2       Analytical Techniq

                                 3.2.1     Open Column Liquid Chromatography

                                 3.2.2     Gas Chromatography (GC

                                 3.2.3    Gas Chromatography

                     CHAPTER FOUR

46 

                    4.1       Normal Alkanes                                                                                      46

                                4.1.1 Pristan

                                4.1.2 Pr/n-

                                            
4.1.3 Carbon 

                    4.2       Thermal Maturity Parameters

                    4.3       Aliphatic Hydrocarbo

                               4.3.1    Terpanes

                               4.3.2    Hopanes                                                                                       58

                               4.3.3    Tm/Ts                                                                                          61

                               4.3.4    Steranes                                                                                       61

                   4.4      Aromatic Hydrocarbons

  

© Obafemi Awolowo University, Ile-Ife, Nigeria  
For more information contact ir-help@oauife.edu.ng   

Materials and Method                                                

Oil Samples                                                                                            

3.2       Analytical Techniques                                                                           36

Open Column Liquid Chromatography                                    

Gas Chromatography (GC)                                                      

Gas Chromatography-Mass Spectrophotometry (GC

CHAPTER FOUR- Results and Discussion                                 

4.1       Normal Alkanes                                                                                      46

.1 Pristane and Phytane                                                                      

-C
17 

and Ph/n-C
18                                                                                   

.3 Carbon Preference Index (CPI)                                                        

Thermal Maturity Parameters                                                                 

Aliphatic Hydrocarbon                                                                           

Terpanes                                                                                       

Hopanes                                                                                       58

4.3.3    Tm/Ts                                                                                          61

4.3.4    Steranes                                                                                       61

Aromatic Hydrocarbons                                                                             

  

                                                36 

                                                                                           36 

ues                                                                           36 

                                    38 

                                                      40 

Spectrophotometry (GC-MS)       43 

                                           

4.1       Normal Alkanes                                                                                      46 

                                                   47 

                                         52 

                                                        56 

                                                                 56 

                                                                           57 

                                                                                       58 

Hopanes                                                                                       58 

4.3.3    Tm/Ts                                                                                          61 

4.3.4    Steranes                                                                                       61 

                                                                             66 



 © Obafemi Awolowo University, Ile
 For more information contact 
 

                             4.4.1     The Methylphenanthrene Index MPI

                             4.4.2     Methyl phenanthrene index 3 (

                             4.4.3      Methyl phenanthrene distribution factor (MPDF)

                             4.4.4      Methyl phenanthrene ratio (MPR)

85 

                             4.4.5      Methyl dibenzothiophene ratio (MDR)

85 

                               4.4.6        3

                                              (3MP/4DBMT

                  4.5      Comparison o

                   CHAPTER FIVE

94 

                  REFERENCES                                                                                                     

                   APPENDICES                                        

                    

 

 

                    

 

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

The Methylphenanthrene Index MPI-1                                          

Methyl phenanthrene index 3 (MPI-3)                                           

Methyl phenanthrene distribution factor (MPDF)

Methyl phenanthrene ratio (MPR)                                                 

Methyl dibenzothiophene ratio (MDR)                                          

3-Methyl phenanthrene/4- Methyl dibenzothiophene 

3MP/4DBMT)                                                                           

4.5      Comparison of Maturity Ratios                                                                   

CHAPTER FIVE- Conclusion and Recommendation                                      

                                                                                                     

APPENDICES                                                                                                     

 Page 2 

                                          80 

                                           83 

Methyl phenanthrene distribution factor (MPDF)                         85 

                                                 

                                          

Methyl dibenzothiophene  

                                                                       88 

                                                                   91 

                                      

                                                                                                     96 

                                                             114                                                                                                                          



 © Obafemi Awolowo University, Ile
 For more information contact 
 

                                                

                    FIGURES                                                                                                  

                     1:     Map of Niger Delta Showing Locatio

7 

  2.1:   Megatectonic Framework and Stages of Tertiary Delta Growth            

23 

  2.2:   Diagram showing

             Prograded since 35 Ma. The S

             and Omatsola

25 

                  2.3:     Stratigraphic 

             Niger Delta

27 

                  2.4:      Complex Oil Field Structures and Associated Trap T

             Niger Delta                                                                               

35 

4.1:     GC Chromatogram of Sample A4, Showing Distribution 

           of nC3 to nC

48 

 4.2:    GC Chromatogram of Sample A6, Showing Distr

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

                                                LIST OF FIGURES 

                                                                                                 

1:     Map of Niger Delta Showing Location of the Study Area                      

Megatectonic Framework and Stages of Tertiary Delta Growth            

Diagram showing how the Coastline of the Niger Delta has 

Prograded since 35 Ma. The Shorelines approximate the Doust

Omatsola (1990) Depobelts.                                                          

Stratigraphic Column Showing the Three Formations of the 

elta                                                                                            

Complex Oil Field Structures and Associated Trap Types of the 

Delta                                                                               

4.1:     GC Chromatogram of Sample A4, Showing Distribution 

to nC35                                                                                                   

4.2:    GC Chromatogram of Sample A6, Showing Distribution 

 Page 3 

                                                                                                 PAGE 

n of the Study Area                      

Megatectonic Framework and Stages of Tertiary Delta Growth            

elta has  

the Doust 

                                                          

hree Formations of the  

                                                           

ypes of the  

Delta                                                                                            

4.1:     GC Chromatogram of Sample A4, Showing Distribution  

                                                                     

ibution  



 © Obafemi Awolowo University, Ile
 For more information contact 
 

             of nC3 to nC

49 

 4.3:   The Plot of Pr/nC

           Oxicity and   Organic Matter Type                                                      

56 

 4.4:    The Plot of Pr/Ph versus CPI of the Analysed Oils                                 

55 

                    4.5:   Cross Plot of 3MP/4DMBT versus Tm/

                             Increase from East to West.                                                                     64

                   4.6:   Cross Plot of Tm/Ts versus MPDF, Showing Positive Correlation         65

                 

                   4.7:    Cross Plot of 20S/(20S+20R)C27 versus bb/(bb+aa)C29, 

           Showing Negative Correlation                                                                67

 4.8:    Cross Plot of 3MP/4DMBT Against 20S/(20S+20R)C27,  

           Showing Negative Correlation                                                               68

                  4.9:     Cross Plot of Tm/Ts versus bb/(bb+aa)C

           Negative Correlation                                         

                  4.10:   Cross Plot of MPDF Against 20S/(20S+20R)C

                                 4.11:   Mass Chromatogram of m/z 253 showing the D

                                of the Monoaromatic Steroid Hydrocarbons in Oil Sample A20

 

                     4.12:   Mass Chromatogram of m/z 253 showing the D

             of the Monoaromati

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

to nC35                                                                                      

4.3:   The Plot of Pr/nC17 Vs Phy/nC18 can be used to infer the 

Oxicity and   Organic Matter Type                                                      

4.4:    The Plot of Pr/Ph versus CPI of the Analysed Oils                                 

4.5:   Cross Plot of 3MP/4DMBT versus Tm/Ts, Showing Maturity

Increase from East to West.                                                                     64

4.6:   Cross Plot of Tm/Ts versus MPDF, Showing Positive Correlation         65

4.7:    Cross Plot of 20S/(20S+20R)C27 versus bb/(bb+aa)C29, 

Showing Negative Correlation                                                                67

4.8:    Cross Plot of 3MP/4DMBT Against 20S/(20S+20R)C27,  

Showing Negative Correlation                                                               68

4.9:     Cross Plot of Tm/Ts versus bb/(bb+aa)C29, Showing  

Negative Correlation                                                                             

4.10:   Cross Plot of MPDF Against 20S/(20S+20R)C27                    

4.11:   Mass Chromatogram of m/z 253 showing the Distribution 

Monoaromatic Steroid Hydrocarbons in Oil Sample A20

4.12:   Mass Chromatogram of m/z 253 showing the Distribution 

onoaromatic Steroid Hydrocarbons in Oil Sample A7       

 Page 4 

                                                                                      

can be used to infer the  

Oxicity and   Organic Matter Type                                                      

4.4:    The Plot of Pr/Ph versus CPI of the Analysed Oils                                 

Ts, Showing Maturity 

Increase from East to West.                                                                     64 

4.6:   Cross Plot of Tm/Ts versus MPDF, Showing Positive Correlation         65 

4.7:    Cross Plot of 20S/(20S+20R)C27 versus bb/(bb+aa)C29,  

Showing Negative Correlation                                                                67 

4.8:    Cross Plot of 3MP/4DMBT Against 20S/(20S+20R)C27,   

Showing Negative Correlation                                                               68 

                                    69 

27                                        70 

istribution  

Monoaromatic Steroid Hydrocarbons in Oil Sample A20          72 

istribution  

c Steroid Hydrocarbons in Oil Sample A7           73 



 © Obafemi Awolowo University, Ile
 For more information contact 
 

 

          4.13:   Mass Chromatogram

             of the Triaromati

 

                  4.14:    Mass Chromatogram

                              of the Triaromati

                  4.15:    Cross Plot of TA(I)/TA(I+II) versus MA(I)/MA(I+II)                  78

 

                  4.16:    Cross Plot of MPDF against TA(I)

                  

                  4.17:    Cross Plot of MPDF versus TAC26/TAC20+TAC27                    81

 

                  4.18:    Tm/Ts against TAC26/TAC20+TAC27, S

                              Correlation                                                                                     82

 

                  4.19:    Cross Plot of MPI

                              Correlation      

                 

                  4.20:    Cross Plot of MPI

                              Correlation                                      

 

                  4.21:    Cross Plot of MPI

                              Correlation                                                                                    

 

                 4.22:     Cross Plot of 3MP/4DMBT against MPDF, Showing

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

4.13:   Mass Chromatogram of m/z 231 showing the Distribution 

aromatic Steroid Hydrocarbons in Oil Sample A7               74

4.14:    Mass Chromatogram of m/z 231 showing the Distribution 

aromatic Steroid Hydrocarbons in Oil Sample A20             75

4.15:    Cross Plot of TA(I)/TA(I+II) versus MA(I)/MA(I+II)                  78

4.16:    Cross Plot of MPDF against TA(I)/TA(I+II)                                 79

Cross Plot of MPDF versus TAC26/TAC20+TAC27                    81

Tm/Ts against TAC26/TAC20+TAC27, Showing Positive

Correlation                                                                                     82

4.19:    Cross Plot of MPI-3 versus MPI-1, showing Positive  

Correlation                                                                                     

4.20:    Cross Plot of MPI-3 against MPR, Showing Positive  

Correlation                                                                                     

4.21:    Cross Plot of MPI-1 versus MDR, Displaying Positive  

Correlation                                                                                    

4.22:     Cross Plot of 3MP/4DMBT against MPDF, Showing 

 Page 5 

istribution  

c Steroid Hydrocarbons in Oil Sample A7               74 

istribution  

c Steroid Hydrocarbons in Oil Sample A20             75 

4.15:    Cross Plot of TA(I)/TA(I+II) versus MA(I)/MA(I+II)                  78 

/TA(I+II)                                 79 

Cross Plot of MPDF versus TAC26/TAC20+TAC27                    81 

ositive 

Correlation                                                                                     82 

                                                                               86 

                                               87 

 

Correlation                                                                                      89 



 © Obafemi Awolowo University, Ile
 For more information contact 
 

                              Positive Correlation                                                                         90     

                  

                 4.23:     Plot of the Maturity Parameters against Sample Number, 

                              Showing Agreement and Disagreement between the Parameters  

                4.24:    Line Plot of 3MP/4DMBT, Tm/Ts, MPR, MAC21/TAC21+MAC28

                              and MPDF versus Sample Number, Showing them as the Maturity 

                              Parameters that Work better for Crude Oils from ExxonMobil Joint 

                              Venture Area                                                       

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

Positive Correlation                                                                         90     

lot of the Maturity Parameters against Sample Number, 

Showing Agreement and Disagreement between the Parameters  

4.24:    Line Plot of 3MP/4DMBT, Tm/Ts, MPR, MAC21/TAC21+MAC28

and MPDF versus Sample Number, Showing them as the Maturity 

Parameters that Work better for Crude Oils from ExxonMobil Joint 

Venture Area                                                                                        

 Page 6 

Positive Correlation                                                                         90      

lot of the Maturity Parameters against Sample Number,  

Showing Agreement and Disagreement between the Parameters    92 

4.24:    Line Plot of 3MP/4DMBT, Tm/Ts, MPR, MAC21/TAC21+MAC28 

and MPDF versus Sample Number, Showing them as the Maturity  

Parameters that Work better for Crude Oils from ExxonMobil Joint  

                                 93 



 © Obafemi Awolowo University, Ile
 For more information contact 
 

 
                                                         

 TABLE                                                                                                              
PAGE 
 
 
 3.1:   Sample Numbers and their Locations in the Joint Venture A

 

                  3.2:   Relative Percentages of 

41 

 

 4.1:   Showing Results of some P

51 

 

 4.2:   Showing the V

 

 4.3:   Maturity Parameters from Aliphatic H

 

 4.4:   Maturity Ratios from M

 

4.5:    Maturity Ratios deduced from P

 

 

                             
 
 

 
                     
                   

 

                    

 

© Obafemi Awolowo University, Ile-Ife, Nigeria   
For more information contact ir-help@oauife.edu.ng   

                                                         LIST OF TABLES 
TABLE                                                                                                              

Sample Numbers and their Locations in the Joint Venture A

ercentages of the Gross Composition of the Oils          

Showing Results of some Parameters from GC                                 

Showing the Value of Oleanane and some other Peaks               

Maturity Parameters from Aliphatic Hydrocarbons                    

Maturity Ratios from Mono and Triaromatic Hydrocarbons

Maturity Ratios deduced from Phenanthrenes and Dibenzothiophenes  

  

 Page 7 

TABLE                                                                                                              

Sample Numbers and their Locations in the Joint Venture Area                  37 

ils                           

arameters from GC                                             

eaks                                60 

ydrocarbons                                     63 

ydrocarbons                       77 

ibenzothiophenes      84 



 © Obafemi Awolowo University, Ile
 For more information contact 
 

                                                               

Seventeen crude oil samples from producing Oil Wells in the Eastern Niger 

Delta were analyzed for their thermal maturity status. This was with a view 

to establishing maturity trends across the area and identifying maturity 

parameters that could reliably be

Open Column Liquid Chromatography (OCLC) was used to separate the 

crude  oil samples into saturate, aromatic and Nitrogen, Sulphur and Oxygen 

(NSO) compounds using n

methanol and methylene chloride

analysis with no prior preparation of the crude oil was done using 

chromatography (GC) with internal standard and helium (He) as carrier gas.  

Gas chromatography mass spectrophotometry (G

compounds from saturate hydrocarbon such as tricyclic terpanes, pentacyclic 

terpanes, steranes and diasteranes. Also from the aromatic hydrocarbon,  

napthalenes, phenanthrenes and dibenzothiophenes as well as mono

triaromatic steroids compounds were identified.

compound class was carried out using respective m/z values

212, 217, 220, 231 and 253. 

The value of pristine/phytane (Pr/Ph) ratio ranged from 2.3

Preference Index (CPI)

1.06. The average CPI value of

mature. The values of 20S/(20S+20R)C
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                                                               ABSTRACT 

Seventeen crude oil samples from producing Oil Wells in the Eastern Niger 

Delta were analyzed for their thermal maturity status. This was with a view 

to establishing maturity trends across the area and identifying maturity 

parameters that could reliably be used for maturity assessment of the area. 

Open Column Liquid Chromatography (OCLC) was used to separate the 

crude  oil samples into saturate, aromatic and Nitrogen, Sulphur and Oxygen 

(NSO) compounds using n-hexane, methylene chloride and mixture of 

methylene chloride solvents respectively. The whole oil 

analysis with no prior preparation of the crude oil was done using 

chromatography (GC) with internal standard and helium (He) as carrier gas.  

Gas chromatography mass spectrophotometry (GC/MS) was used

compounds from saturate hydrocarbon such as tricyclic terpanes, pentacyclic 

terpanes, steranes and diasteranes. Also from the aromatic hydrocarbon,  

napthalenes, phenanthrenes and dibenzothiophenes as well as mono

c steroids compounds were identified. Identification of each 

compound class was carried out using respective m/z values 

212, 217, 220, 231 and 253.  

The value of pristine/phytane (Pr/Ph) ratio ranged from 2.3

ndex (CPI) value ranged from 1.03 to 1.09 with an average of 

The average CPI value of 1.06 indicated that the oils were

The values of 20S/(20S+20R)C27 and ββ/(ββ+αα)C29, ranged from 
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Seventeen crude oil samples from producing Oil Wells in the Eastern Niger 

Delta were analyzed for their thermal maturity status. This was with a view 

to establishing maturity trends across the area and identifying maturity 

used for maturity assessment of the area.  

Open Column Liquid Chromatography (OCLC) was used to separate the 

crude  oil samples into saturate, aromatic and Nitrogen, Sulphur and Oxygen 

and mixture of 

solvents respectively. The whole oil 

analysis with no prior preparation of the crude oil was done using gas 

chromatography (GC) with internal standard and helium (He) as carrier gas.  

used to evaluate 

compounds from saturate hydrocarbon such as tricyclic terpanes, pentacyclic 

terpanes, steranes and diasteranes. Also from the aromatic hydrocarbon,  

napthalenes, phenanthrenes and dibenzothiophenes as well as mono- and 

Identification of each 

 of 170, 191, 

The value of pristine/phytane (Pr/Ph) ratio ranged from 2.3-5.1. Carbon 

ranged from 1.03 to 1.09 with an average of 

1.06 indicated that the oils were thermally 

, ranged from 
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0.23-0.47 and 0.20

samples ranged from 1.33 to 2.23. Triaromatic

from 0.03-0.20, while monoaromatic

0.3. The value of methyl phenanthrene index

1.0.The results showed 

were unreliable for oil maturity assessment. 

The study concluded that the

from east to west in the study area. It also established new thermal maturity 

parameters for the correlation of oil samples. 
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0.47 and 0.20-0.24 respectively, while Tm/Ts ratio in t

samples ranged from 1.33 to 2.23. Triaromatic-TA(I)/TA(I+II) ratio ranged 

0.20, while monoaromatic-MA(I)/MA(I+II) ratio ranged from 0.1

methyl phenanthrene index- 3 (MPI-3) ranged between 0.9

The results showed that Sterane and hopane based maturity parameters 

were unreliable for oil maturity assessment.  

The study concluded that the maturity of crude oils was found to increase 

from east to west in the study area. It also established new thermal maturity 

rs for the correlation of oil samples.  
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0.24 respectively, while Tm/Ts ratio in the crude oil 

TA(I)/TA(I+II) ratio ranged 

MA(I)/MA(I+II) ratio ranged from 0.1-

ranged between 0.9-

that Sterane and hopane based maturity parameters 

maturity of crude oils was found to increase 

from east to west in the study area. It also established new thermal maturity 
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1.1 Background to the Study

 

 

 

                 Petroleum Geochemistry is an established 

utilization 

accumulation and the alteration of petroleum and the application of this

understanding in the exploration and recovery o

petroleum geochemistry has its useful modern applications in exploration

production of "conventional" hydrocarbons and also supports

development of "unconventional" resources like shale gas. 

exploration, petroleum geochemistry has been found

tool both at the initial and advanced stage in identifying source rocks and 

classifying crude oils into families (Ekweozor 

Omotsola, 1990).  Petroleum is generally considered oil and natural gases 

having vari

They are usually generated from the decomposition and/or thermal maturation 

of organic matter. 

                       A biological marker, or biomarker, is a molecule synthesized by a plant or 

animal and unchanged, or having suffered only minor subsequent changes, 

with preservation of the carbon skeleton (Tissot and Welte, 1978). The 
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                                                               CHAPTER ONE 

INTRODUCTION 

1.1 Background to the Study 

Petroleum Geochemistry is an established science concerned with the 

 of chemical principles to the study of the formation, migration,

accumulation and the alteration of petroleum and the application of this

understanding in the exploration and recovery of oil and gas. Basically, 

eum geochemistry has its useful modern applications in exploration

production of "conventional" hydrocarbons and also supports

development of "unconventional" resources like shale gas. 

exploration, petroleum geochemistry has been found to be an indispensable 

tool both at the initial and advanced stage in identifying source rocks and 

classifying crude oils into families (Ekweozor et al

Omotsola, 1990).  Petroleum is generally considered oil and natural gases 

having various compounds, composed primarily of hydrogen and carbon. 

They are usually generated from the decomposition and/or thermal maturation 

of organic matter.  

A biological marker, or biomarker, is a molecule synthesized by a plant or 

al and unchanged, or having suffered only minor subsequent changes, 

with preservation of the carbon skeleton (Tissot and Welte, 1978). The 
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science concerned with the 

of chemical principles to the study of the formation, migration, 

accumulation and the alteration of petroleum and the application of this 

f oil and gas. Basically, 

eum geochemistry has its useful modern applications in exploration and 

production of "conventional" hydrocarbons and also supports the 

development of "unconventional" resources like shale gas. In petroleum 

to be an indispensable 

tool both at the initial and advanced stage in identifying source rocks and 

et al., 1979, Doust and 

Omotsola, 1990).  Petroleum is generally considered oil and natural gases 

ous compounds, composed primarily of hydrogen and carbon. 

They are usually generated from the decomposition and/or thermal maturation 

A biological marker, or biomarker, is a molecule synthesized by a plant or 

al and unchanged, or having suffered only minor subsequent changes, 

with preservation of the carbon skeleton (Tissot and Welte, 1978). The 
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biomarker is therefore representing a fingerprint of the geochemical input and 

the pH/Eh conditions of th

organic matter becoming incorporated into the sediment. Petr

small amount (

the genetic relationship between petroleum

expelled and the quality and maturity of the source rock from which the 

petroleum originated

                              From the point of view of exploration studies, crude oil thermal maturation 

may be considered as one of 

Maturation processes involve cracking, isomerization and aromatization 

reactions, as well as alkylation and dealkylation of aromatic rings.

commence in the source rocks; continue during migration and in the rese

rocks. During a long geological time, they have been affected by heat, 

pressure and mineral catalysts, which resulted in the formation of 

thermodynamically more stable structural and stereochemical isomers or 

smaller molecules, as well as in transfor

hydrocarbons. The degree of maturity is most often estimated on the basis of 

parameters calculated from the distribution and abundance of saturated and 

aromatic hydrocarbons 

of crude oils.

                                                       Isomerization processes at chiral centers or in rings were used in maturity 

estimation 

alkylation–
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biomarker is therefore representing a fingerprint of the geochemical input and 

the pH/Eh conditions of the paleodepositional environments that resulted in 

organic matter becoming incorporated into the sediment. Petr

small amount (1% and less) of biomarkers. The biomarkers can inform about 

the genetic relationship between petroleum, the quantity

expelled and the quality and maturity of the source rock from which the 

petroleum originated (Tissot and Welte, 1978). 

From the point of view of exploration studies, crude oil thermal maturation 

may be considered as one of the most important geochemical effects. 

Maturation processes involve cracking, isomerization and aromatization 

reactions, as well as alkylation and dealkylation of aromatic rings.

commence in the source rocks; continue during migration and in the rese

rocks. During a long geological time, they have been affected by heat, 

pressure and mineral catalysts, which resulted in the formation of 

thermodynamically more stable structural and stereochemical isomers or 

smaller molecules, as well as in transformation of saturated into aromatic 

hydrocarbons. The degree of maturity is most often estimated on the basis of 

parameters calculated from the distribution and abundance of saturated and 

aromatic hydrocarbons i.e., compounds which generally constitute 95

of crude oils. 

Isomerization processes at chiral centers or in rings were used in maturity 

estimation more often compared to cracking reactions, aromatization or 

–dealkylation processes. 
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biomarker is therefore representing a fingerprint of the geochemical input and 

itional environments that resulted in 

organic matter becoming incorporated into the sediment. Petroleum contains a 

1% and less) of biomarkers. The biomarkers can inform about 

, the quantity of petroleum 

expelled and the quality and maturity of the source rock from which the 

From the point of view of exploration studies, crude oil thermal maturation 

the most important geochemical effects. 

Maturation processes involve cracking, isomerization and aromatization 

reactions, as well as alkylation and dealkylation of aromatic rings. They 

commence in the source rocks; continue during migration and in the reservoir 

rocks. During a long geological time, they have been affected by heat, 

pressure and mineral catalysts, which resulted in the formation of 

thermodynamically more stable structural and stereochemical isomers or 

mation of saturated into aromatic 

hydrocarbons. The degree of maturity is most often estimated on the basis of 

parameters calculated from the distribution and abundance of saturated and 

, compounds which generally constitute 95−98 % 

Isomerization processes at chiral centers or in rings were used in maturity 

often compared to cracking reactions, aromatization or 
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                         1.1 PETROLEUM ORIGIN AND GENERATION
 
                            Petroleum is defined as a complex mixture of hydrocarbons derived from 

degradation 

in sediments was

algae, bacteria and higher plants.

accumulation

potential petroleum source rocks are fi

organic matter and have been empirically correlated with shales having 

>0.5% total organic carbon (TOC) content 

transformation process of organic matter into petroleum (oil and gas) is 

divided into

diagenesis, catagenesis, and metagenesis.

                     Diagenesis of organic matter refers to biologically, chemically, and phys

induced changes in the organic matter composition 

rocks at an equivalent vitrinite reflectance of 0.5% (

these changes begin before organic matter reaches the sediments as organic matter sinking 

through the water column is fed upon by both the macrofauna and (aerobic) bacteria. Indeed, a 

significant proportion of the organic matter reaching the sediment does so in form of residues of 

the living organisms and/or higher plants. Decomposition occurs once the organic matter 

the sediment surface. Burial by subsequently accumulating sediment eventually isolates it from

water. Where the burial of organic matter is high enough, oxygen is
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PETROLEUM ORIGIN AND GENERATION

Petroleum is defined as a complex mixture of hydrocarbons derived from 

degradation of organic matter buried in sedimentary rocks. The organic 

in sediments was derived from the remains of extant organisms including 

algae, bacteria and higher plants. Sedimentary rocks are formed b

accumulation, compaction, cementation and lithification of sediments

potential petroleum source rocks are fine-grained sedimentary rocks rich in 

organic matter and have been empirically correlated with shales having 

>0.5% total organic carbon (TOC) content (Philippi, 1965).

transformation process of organic matter into petroleum (oil and gas) is 

divided into three main stages called process of maturation and includes;

diagenesis, catagenesis, and metagenesis. 

Diagenesis of organic matter refers to biologically, chemically, and phys

induced changes in the organic matter composition that occur in the subsurface in sedimentary 

rocks at an equivalent vitrinite reflectance of 0.5% (Hunt, 1996; Peters et al

these changes begin before organic matter reaches the sediments as organic matter sinking 

is fed upon by both the macrofauna and (aerobic) bacteria. Indeed, a 

significant proportion of the organic matter reaching the sediment does so in form of residues of 

the living organisms and/or higher plants. Decomposition occurs once the organic matter 

the sediment surface. Burial by subsequently accumulating sediment eventually isolates it from

of organic matter is high enough, oxygen is eventually consumed
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PETROLEUM ORIGIN AND GENERATION 

Petroleum is defined as a complex mixture of hydrocarbons derived from 

organic matter buried in sedimentary rocks. The organic matter 

from the remains of extant organisms including 

Sedimentary rocks are formed by 

cation of sediments. The 

grained sedimentary rocks rich in 

organic matter and have been empirically correlated with shales having 

(Philippi, 1965). The 

transformation process of organic matter into petroleum (oil and gas) is 

maturation and includes; 

Diagenesis of organic matter refers to biologically, chemically, and physically 

that occur in the subsurface in sedimentary 

et al., 2005). Actually, 

these changes begin before organic matter reaches the sediments as organic matter sinking 

is fed upon by both the macrofauna and (aerobic) bacteria. Indeed, a 

significant proportion of the organic matter reaching the sediment does so in form of residues of 

the living organisms and/or higher plants. Decomposition occurs once the organic matter reaches 

the sediment surface. Burial by subsequently accumulating sediment eventually isolates it from 

eventually consumed 




