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ABSTRACT


The light hydrocarbons of Niger Delta crude oils were studied and used in correlation. Heptane and invariance ratios and plot discriminated the oils into two groups. These apparent groups remained distinctly different in their graphical representation of ring preference. Star plots of the oils suggested a strong similarly between ND-A3, ND-A6 and ND-B7 reflecting oil generation from same source rock, but different from oil ND-E5. These results strongly are consistent with two homologous sources for oils thus complementing the interpretations of higher molecular weight biomarkers and provide a quick and cost effective tool for correlation studies in Niger Delta, Nigeria.
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INTRODUCTION

A good knowledge of petroleum system is usually an important factor in oil exploration in order to know whether one, two or more source rocks may have been responsible for crude oil already discovered. Since petroleum is generated from organic matter of fine grained rocks, it is possible to correlate crude oils having a common source but reservoired in different horizons (Osuji and Anita, 2005). Geochemists have used available technique to evaluate the Niger Delta Petroleum system. Part of the tools so far used include trace metal characterization of kerozen (Akinlua et al, 2007), bulk parameters and whole oil gas chromatographic (GC) fingerprints (Oyekunle and Famakin, 2004; Manilla and Eking, 2007), isotope and biological matter screening by gas chromatography / mass spectrometry (GC/MS) (Ekweozor et al 1979 a,b; Eneogwe and Ekundayo, 2003; Manilla and Eking, 2008). Ekweozor and Udo (1988) reported significant differences between Western and Eastern Niger Delta oils on the basis of the oleanane content, a pentacyclic triterpane. These same results were reported by Manilla and Eking (2008) using both saturates and aromatic biological markers and Onyema (2005) using multivariate plots of low molecular weight marker compounds.

Light hydrocarbons are an important component in petroleum and natural gas and they account for over 50% of the carbon in petroleum. It is widely believed that the light hydrocarbons are products of thermal cracking of higher hydrocarbons (Tissot and Welte, 1984), however Mango (1992) proposed transition metals as catalytic agents in the generation of light hydrocarbons. The light hydrocarbons have proven to be very effective in oil-oil and oil-source correlation (Mango, 1987, 1990, 1994 and 1997; Halpern, 1995; Ten Haven, 1996).

Mango (1990) showed an invariance in the ratios of the sum of concentrations of certain isoheptanes in crude oils regardless of their absolute concentration. These invariant ratios (k1 and k2) of isoheptanes are almost constant throughout hydrocarbon generation among homologous sets, namely sets of oils from a common source (Mango, 1997). Ten Haven (1996) however has shown differences in k1 and used it in oil-oil correlation studies and particularly in oil-condensate and condensate-condensate correlations. 

This paper examines the light hydrocarbon contents of some Niger Delta crude oils with a view to providing another means of evaluating its petroleum system independent of the higher hydrocarbon makers in order to provide a quick and inexpensive way of understanding its petroleum system. 
MATERIALS AND METHODS

PROVINCE GEOLOGY


The Niger Delta is one of the world’s largest tertiary delta system and an extremely prolific hydrocarbon province. It is situated on the West African continental margin at the apex of the Gulf of Guinea (Doust, 1990). Rocks within the system are from paleocene to recent in age. The source rocks for crude oil in the Niger Delta are the marine shale Akata formation and the shale interbedded with paralic sandstone of the lower Agbada formation. One petroleum system has been identified in the Niger Delta province referred to as the tertiary Niger Delta (Akata-Agbada) petroleum system (Tuttle et al., 1999).

EXPERIMENTAL
Four crude oils were used for this study. The crude oil samples were collected from the Niger Delta region, Nigeria, by field technicians from the wellheads of producing wells. Two oil samples were collected from Akwa Ibom State, one from Rivers State and the fourth from Delta State and were labeled as ND-A3, ND-A6, ND-B7 and ND-E5 respectively. The light hydrocarbons were analyzed using the Hewlett Packard (HP) 6890 gas chromatography (GC) fitted to  a fused silica capillary column (30m x 0.25μm) and equipped with a flame ionization detector (FID). Oven temperature was programmed from 40oC to 140oC at 5oC/min with a 5min hold at 40oC and 20mins hold at 140oC. Light hydrocarbon peak identification was based on data presented by Mango (1987, 1990 and 1994) and area integration of each peak was processed by the HP chemstation software.
RESULTS AND DISCUSSION

The normalized percent C7 hydrocarbon distribution of the Niger Delta crude oil samples based on the area integration of the compound peaks are presented in figure 1. Methylcyclohexane was observed to be the most abundant light hydrocarbon in all the Niger Delta crude oils analysed. However the distribution profiles of the normalized percent C7 hydrocarbons do not permit meaningful distinction between them. This led to the use of the C7 hydrocarbon compounds. The basis for correlation of compounds is that these compounds should exhibit sample to sample variations that permit correlation and / or differentiation between the fluids.
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Thompson (1983) used heptane ratio as indicator of source (kerogen type) of crude oil. Heptane ratios of Niger Delta crude oils range from 4.64 to 12.30 (Table 1). However, the heptane ratios of oils ND-A3 (12.30), ND-A6 (12.07) and ND-B7 (10.33) were close and separate from ND-E5 (4.64). These data show that crude oils from the Niger Delta are of at least two different sources.  
Table 1: Summary of Light Hydrocarbon Characteristics of Crude Oils from the Niger Delta.
	
	Crude oil Sample ID

	Light Hydrocarbon Characteristics
	ND-A3
	ND-A6
	ND-B7
	ND-E5

	Total C7
	6127.83
	2981.80
	10087.06
	1194.35

	n-C7
	872.67
	399.18
	1195.51
	63.22

	MCyC6
	2457.09
	1309.08
	3706.01
	529.06

	Tol
	477.08
	252.36
	550.60
	20.55

	P2
	781.78
	323.89
	1209.04
	116.26

	P3
	305.47
	124.98
	496.03
	94.39

	N2
	640.06
	271.89
	1484.21
	167.93

	Heptane Ratio
	12.30
	12.07
	10.33
	4.64

	k1
	1.02
	1.00
	1.03
	1.08

	k2
	0.21
	0.21
	0.18
	0.33


Data is based on peak areas of the selected compound from the GC results.
P2 = 2MC6 + 3MC6

P3 = 2,2DMC5 + 2,4DMC5 + 2,2,3TMC4 + 3,3DMC5 + 2,3DMC5 + 3EC5 

N2 = 1,1DMCyC5 + c1,3 DMCyC5 + t1,3 DMCyC5 

Heptane Ratio 
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The invariance of isoheptanes (k1 and k2) is very useful in oil correlation studies (Mango, 1990) as their ratio remains remarkably constant throughout hydrocarbon generation, regardless of their absolute concentration, for a set of oils from the same source.  
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The invariance ratio k1 (table 1) for oils ND-A3, 1.02; ND-A6, 1.00 and ND-B7, 1.03 were close, but separate from ND-E5 which has a ratio of 1.08. These data suggests different sources responsible for the Niger Delta oils. The invariance ratio k2 displays similar resolving power, consistent with different sources for the oils. Graphical representation of the invariance ratios (k1 vs k2) is presented in figure 2. The plot of invariance ratios discriminated clearly the studied oils into two distinctly different sources for crude oils in the Niger Delta. 
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Figure 2: An Invariance Plot of k; and k, shows that Oils ND-A3, ND-A6 and

ND-B7 constitute one distinct homologous oil set, which is different
from ND-E5





This distinctly difference sources responsible for crude oil in the Niger Delta is also illustrated graphically by the ring preference plot of the oils (figures 3 and 4). The ring preference plots separate the oils clearly into two homologous sets thus supporting the fact that the invariance ratios in oils ND-A3, ND-A6 and ND-B7 remained tightly constrained and distinct form crude oil ND-E5. 
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Figure 3: Ring Preference Plot of P; (wt %of C;) and a sum of P, and N,
(wt % of Cy)
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Figure 4: Cross Plot of Tol/nC7 and nC7/MCyC6 showing that Oil ND-E5
constitute a homologous set which is different from oils ND-A3, ND-A6 and
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Micro-scale correlation technique using gas chromatographic analysis of light hydrocarbons was used for the purpose of correlation and / or differentiation between the oils. The objective is to correlate the oils by comparing ratios of compounds. These comparisms are put in pictorial form of a star diagram to make correlation and / or differentiation of the Niger Delta oils easier. Star diagrams have been used to represent chemical compositions of oil and water samples from reservoirs, as well as correlation and / or differentiation (Halpern, 1995; Ali et al, 2002; Volk et al; 2005). For clearness, the star plot that will be used in this study will have nine (9) axis. 
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Figure 5: Star Plot of Selected Light Hydrocarbon Ratios showing the
followed by the Niger Delta Crude Oil Samples




Figure 5 shows the star plot of all crude oils used in the study. Crude oils ND-A3, ND-A6 and ND-B7 were shown by their star plots to follow similar path. This suggests a strong similarity between the oils reflecting oil generation from the same source rock. However, differences were observed in oil ND-E5, which followed patterns that is different from other oils. This differentiation is in line with differences in source rock between the oils (Ali et al; 2002). The oils ND-A3, ND-A6 and ND-B7 correlated positively amongst themselves and negatively with oils ND-E5. The light hydrocarbons exhibited good resolution for the Niger Delta crude oils and thus useful in oil correlation studies of the Niger Delta.
CONCLUSION 

Light hydrocarbon ratios and plots prove a powerful tool for correlating Niger Delta crude oils. The ratios and plots are based on the analysis of light hydrocarbons present and separated by gas chromatography without any pretreatment. The data  presented here (invariance ratios, graphical representations and star plots) indicated two source rocks responsible for crude oils in Niger Delta, thereby complementing the interpretations based on the higher molecular weight hydrocarbons. 
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