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ABSTRACT 

An understanding of the mineral and organic matter modifications during burial are 

critical in assessments of potential source rocks in petroleum exploration studies. Here, we 

examined the relationships between clay mineral diagenesis and organic thermal indicators 

(vitrinite reflectance, and Rock-Eval Tmax) to constrain the thermal maturity and 

hydrocarbon potential of source rocks in the Mbeji-1 well in the northeastern part of the 

Cretaceous/Tertiary Bornu Basin. X-ray diffraction mineralogical data show that the <2 µm 

clay-sized fraction consist of mixed layer illite/smectite (I/S), kaolinite, illite, and Fe-chlorite 

clay mineral assemblages. The major diagenetic changes in the clay mineral evolution are 

transformation of random (R0) to ordered (R1) illite/smectite (I/S) mixed layer between 

~2500 m and ~3640 m depths, decrease in smectite in I/S with burial, and appearance of 

chlorite at ~2500 m. Total organic carbon and Rock-Eval pyrolysis parameters (HI, S2, Tmax) 

indicate presence of lean shales consisting of gas prone to inert terrestrial organic matters. 

Source rocks at shallower depths below 2500 m are immature while those below this level 

within lower Fika Formation to upper Gongila formations are marginally matured with 

respect to hydrocarbon generation. The variation between I/S transformation and VR for the 

Mbeji-1 well shows a delay in illitization process compare to organic matter maturity. We 

considered that other than temperature, insufficient and variable potassium availability, and 

short-heating time resulted in retarding the smectite illitization reaction relative to the organic 

matter parameters (vitrinite reflectance and Tmax). These differences further demonstrates 

that organic matter responds quickly to increasing temperature than mineral reactions at short 

heating time in young sedimentary basins.  
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