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APPENDIX C 

Lithological Properties adopted in Basin Modelling 

The lithological properties such as porosity, permeability, thermal conductivity etc. used 

in modelling mechanical compaction was largely dependent on the predefined 

mineralogy of the layers modelled. The mineralogy was constrained from well log and 

petrographic study described in Chapters 4 and 7 of this thesis. Generally, the 

percentage distribution of the sand, shale and silt for each modelled layer influenced the 

default properties in PetroModTM, however, where available user defined properties 

such as well log porosity was used. For example for the Miocene interval were well logs 

and petrographic information were acquired, the estimated volume of shale from the 

neutron density method (Chapter 4, Section 4.5)  and the mineralogical quantification 

using ScadiumTM formed the bases for the lithological mixing rule in PetroModTM. The 

Figures (Appendix C-1 and 2) below show the petrophysical and petrographic results 

that were integrated in defining the lithology in PetroModTM and some of the 

corresponding properties used. The Lower Miocene reservoir which was the deepest 

interval cored has an estimated percentage sand composition of about 82% and the 

remaining 18% shale. This values were based on computed volume of shale from well 

logs. A near similar value of 84% sand was obtained from petrographic assessment of 

the core samples. A ternary plot that represents the lithological distribution for the 

Lower Miocene defined in PetroMod based on the above mentioned petrophysical and 

petrographic results is illustrated below (Appendix C-3). This Properties were also 

adopted for the target Oligocene-shallow and Oligocene-deep intervals studied since no 

core samples were acquired. This was further complemented with volume of shale 

estimated from the Oligocene-shallow which was the deepest interval penetrated by 

Well A1. No well was drilled deeper than Well A1 in the study area. 

Athy’s compaction algorithm (equ. 3A) (Athy, 1930) was used to model the mechanical 

compaction of the rocks. This was the preferred option since it gave a better match of 

modelled porosity versus depth trend when compared to measured data (Appendix C-4).  

The associated thermal conductivity trend calculated based on the predefined lithology 

is shown in Appendix C-5. Athy’s model is a traditional porosity versus depth curve 

that assumes hydrostatic pressures. Thus overpressured interval would show a 

significant higher than expected porosities versus depth. Another factor that can also 

lead to such high porosity anomalies is early hydrocarbon emplacement preserving 
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porosity at great depths. Table 3F and 3G below provides the compaction and thermal 

properties for different end member lithology considered in basin modelling. 

 1 0 1( ) kzz e           Equation 3A 

Where 1, , ' tan ,porosity initialporosity K Athy scons t z depth      A1 A4A3A2

 

Shale  
(%) 

Sand 
(%) 

18 82 

 
Appendix C-1: Petrographic log showing volume of shale in tracks 3 and 4 computed 

across the Miocene section. Track 5 is the Volume of shale curve estimated from gamma 

ray log, while track 6 the volume of shale curve from a combination of neutron and 

density logs which gives a better result compared to shale volume from gamma ray log. 

The table is the percentage of sand and shale estimated from the volume of shale log. 
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Quartz Feldspar 

Heavy 

minerals Unidentified Porosity 

% % % % % 

84 5 2 13 21 

 

Appendix C-2: Back scattered image showing the mineralogical constituent of the Miocene 

coded in different colours.  The table is the percentage estimate of the individual minerals. 

See Appendix A for further description. 

 

 

 

 

 

 

 

 

 

 

 

Appendix C-3: A ternary plot that illustrates the proportion in percentage of sand, shale 

and silt adopted in the lithological mix for Miocene. 

Siltstone 
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Appendix C-4: Porosity depth trend showing user defined input tied to default trend based 

on Arthy’s compaction model. 

 

Appendix C-5: thermal conductivity profile of the Miocene interval, computed based on 

the lithological mix. 
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Litho Type

Depositional

 porosity

Athy's 

K

max min

[%] [1/Mpa] 10-7/kPa 10-7/kPa

Sandstone 41 0.31 274.7 11.5

Quartz Arenite 42 0.3 291 12.2

Subarkose 41 0.28 244.8 11.4

Arkose 39 0.33 267 11.2

Shale 70 0.83 4032.7 40.3

Siltstone

(organic Lean) 55 0.51 1036.1 21.1

Compressibility

 

Appendix C-6: Compaction parameters based on Athy’s compaction model for the 

different lithologies that was used in the basin simulation process. 

Litho Type Vert. Themal C. Specific Heat Cap. Th K

Radioacti

ve Heat

[w/mK J/KgK Kg/m3 [ppm] [ppm] [%]

Sandstone 3.95 855 2650 1.3 3.5 1.3 0.7

Quartz Arenite 6.45 890 2640 0.5 1.7 0.7 0.3

Subarkose 4.55 870 2680 1 3.3 1.3 0.6

Arkose 3.2 845 2730 3 8 2.5 1.58

Shale 1.64 860 2700 3.7 12 2.7

Siltstone

(organic Lean) 2.05 910 2720 2 5 1 0.96

Den

µW/m3

 

Appendix C-7: Thermal Properties for the different lithologies defined in the basin 

simulation process. 

Source Rock properties 

Considering that the objective of the study was centred on reservoir quality prediction, 

the source rock properties, particularly total organic carbon (TOC) and hydrogen index 

(HI) that were used for hydrocarbon charge modelling were based on extensive research 

work conducted for source rock(s) in the Niger Delta. In order to predict the present 

hydrocarbon accumulation at well A1 location in the study area the TOC and HI values 

were 5% and 450mgHC/gTOC respectively for the Eocene Type II/III source rock 

which is the principal source rock facie responsible for the hydrocarbon accumulation in 

the Niger Delta (Doust and Omatsola, 1990). Predicting absolute hydrocarbon volumes 

is beyond the scope of this work hence not considered at this stage. 

The TOC and HI values used in the study are consistent with estimates from 

geochemical analysis conducted by past researchers. For example, TOC values ranging 

from 0.4 – 14.4% was reported by Ekweozor and Okoye (1980), while Nwachukwu and 
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Chukwura, (1986) estimated TOC values of about 5% for the Eocene Shales. HI value 

of about 232 mgHC/g TOC was determined by Ekweozor and Udo (1988) while values 

of more than 400mgHC/gTOC have been measured by U.S Geological Survey 

(unpublished data) (Tuttle et al., 1989). The figure below further illustrates the Akata 

source rock properties used in the basin simulation which is based on the works of 

Haack et al. 2000. 

 

Appendix C-8: Source rock properties (A) modified Van Krevelen diagram of HI versus 

OI indicating a predominantly Type II/III kerogen for the Eocene Akata shales, (B) 

geochemical log showing HI and TOC values measured across a well drilled in the Niger 

Delta (after Haack et al. 2000). 

 

 

 

 

 

 


