Oil-oil correlation and potential source rocks for oils in Cretaceous reservoir rocks in the southern Mesopotamian Basin, South Iraq
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Abstract 
This study presents an investigation of 15 crude oil samples from 4 oil fields across the southern Mesopotamian Basin, South Iraq. The oil samples collected from sandstone reservoir rocks ranging in Lower Cretaceous age between Barremian and Albian at various wells and depths. The results of this study suggest that the analysed oils are generally classified into a singular genetic oil family. The analysed crude oils are characterised by low to moderate API gravity, high sulphur content, low Pr/Ph ratio (<1), CPI ~ l, high values of the C35-S/C34-S and C31-R/C30 hopane ratios, relatively high C27 regular sterane, low ratio of Ts to Tm hopanes, and the predominance of C29-norhopane, all suggest sulphide-reducing conditions for marine carbonate source rocks which were likely containing planktonic/bacterial organic matter. These oils characteristics are similar with those of the Yamama and Sulaiy marine carbonate source rocks. Maturity data (i.e. biomarker and non biomarker) show there is difference recorded between the analysed oil samples in the maturity level and possible indication subdivision into two maturity sub-groups. Sub-group A oils were generated from early-mature source rock and those are consistent with the Yamama Formation, while sub-group B moderate -mature oils were generated from Sulaiy Formation.     
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1. Introduction 
Mesopotamian Basin is considered as one of the richest oil in Iraq (Al-Sakini, 1992; Sadooni, 1993, 2000), which extends from northern to southern Iraq (Fig. 1). The Mesopotamian Basin contains several, well known big oil fields (Fig. 1). In this view of point, the Mesopotamian Basin has attracted the interest of numerous researchers and oil companies. The Mesozoic sedimentary rocks that were deposited during the Late Jurassic to Cretaceous are of primary importance as hydrocarbon source and reservoir rocks in Mesopotamian Basin (Fig. 2). The potential source rocks include Zubair/Nahr Umr clastic and Yamama/Sulaiy carbonate rocks (e.g., Al-Ameri et al., 1999; Pitman et. al, 2004; Al-Ameri and Al-Musawi, 2009; Al-Ameri et al., 2009; Abeed et. al, 2011; Al-Ameri et. al, 2011; Al-Ameri and Al-Khafaji, 2014, Al-Khafaji, 2015; and Rami et. al, 2015). The Late Jurassic-Early Cretaceous Yamama and Sulaiy carbonate source rocks are relatively higher in genetic petroleum potential, with mainly oil (Abeed et. al, 2011). The Late Jurassic-Early Cretaceous Yamama and Sulaiy carbonate source rocks are bituminite limestones and calcareous shales and characterised by high TOC and sulphur contents as well as HI values more than 400 mg HC/g (Abeed et. al, 2011), suggest the presence of Type II-S kerogen, and would be generated oil at low maturity. These source rocks were deposited in a marine setting under anoxic conditions and favoured by salinity stratification (Abeed et. al, 2011).
In this study, fifteen (15) crude oils were collected from different wells and oil fields in the southern part of the Mesopotamian Basin (Fig. 1). The main objectives of the current study are to characterize the crude oils from Cretaceous reservoir clastic rocks with special emphasis on source, palaeo-depositional conditions, and thermal maturity indicators, and to investigate genetic relationship between the analysed oils and potential source rocks in the basin using previous published works (e.g., Abeed et. al, 2011). 
2. Geological setting 
Mesopotamian Basin is extended from north to south Iraq (Fig. 1), which the Cretaceous oil habitat of the oil fields in southern Iraq is a result of many processes that started during the Triassic, when a new ocean began to form at the southern end of the Palaeo-Tethys Ocean (Aqrawi et al., 2010). The basin is an asymmetric fore deep, with a regional dip to the east-northeast. In the basin, the base Upper Jurassic surface lies 2000– 3500 m below sea level in the west, deepening to >6000 m below sea level in the east. The western margin of the basin is interpreted to be bounded by significant NNW–SSE trending fault zones. The amount of displacement along these fault zones is poorly constrained and may be very limited (Aqrawi et al., 2010). 

The stratigraphic section in the southern Mesopotamian Basin is dominated by a thick Mesozoic succession and ranges in age from Jurassic to Cretaceous (Fig. 2). The Jurassic–Cretaceous depositional environment and hydrocarbon habitat have been studied by several research (e.g., Al-Sharhan, 1994, 1995; Al-Sharhan and Nairn, 1997; Pitman et al., 2004, Al-Ameri et al., 2009, Al-Ameri and Al-Khafaji, 2014). Howerver, during Jurassic–Early Cretaceous time several sediments were deposited in the southern Iraq, which are include Sargelu, Najmah, Gotnia, and Sulaiy sediments (Fig. 2). The Middle Jurassic extends through northern and southern of the basin. It is composed of thin bedded, bituminous limestone, dolomitic limestone and black shales (ven Bellen et al., 1959). The Sargelu Formation is considered as oil-source rock in the northern Iraq (Al-Ameri et al., 1999; Pitman et. al, 2004 and Al-Ameri et. al, 2013). The Sargelu Formation is overlain conformably by the bituminous limestone of the Upper Jurassic Najmah Formation (Fig. 2). The Upper Jurassic Najmah Formation is extended into Kuwait and also is considered as oil-source rock in the Kuwait oilfields (Abdullah, 2001; Goff et al., 2004). The Najmah Formation is overlain conformably by Upper Jurassic Gotnia Formation, which is considered as the main seal rocks in south Iraq (Al-Ameri and Zumberge, 2012). The Gotnia Formation is primarily composed of bedded evaporites with subordinate pseudo-oolitic limestone (Fig. 2). During latest Jurassic to Early Cretaceous time, the accumulation of carbonates in marine deposits of the Sulaiy Formation was accompanied in the basin (Fig. 2). The Sulaiy Formation contains bituminite limestones and black shales (Fig. 2). This formation is overlain conformably by Early Cretaceous Yamama Formation (Fig. 2). The Yamama Formation is represented from shore to deep basin (Buday, 1980); composed of limestone, but some dolomitic limestone and shale have also been reported. The Yamama Formation is also recognized from outcrop in Saudi Arabia (Van Bellen et al., 1959). 
The Cretaceous units comprise the Yamama, Ratawi, Zubair, Shuaiba, Nahr Umr, Maudud Ahmadi, Rumaila and Mishrif deposited during Early Cretaceous to Late Cretaceous time (Fig. 2). These sedimentary rocks are composed of mainly marine carbonates and subordinate clastics sediments (Fig. 2). The Cretaceous rocks in the basin are considered as gas and oil reservoir rocks (Aqrawi et al., 2010) and comprise fractured and vuggy carbonates as well as clastic rocks (Fig. 2). Howerver, the coastal plain sandstones of the Zubair Formation includes most of the oil reserves in several fields of southern Iraq, were deposited during Barremian time (Fig. 2). The crude oil samples in this study were collected from Zubair and Nahr Umr clastics reservoir rocks.  
3. Samples and experimental methods 
Fifteen (15) crude oil samples from Zubair and Nahr Umr clastic reservoir rocks in the 4 oil fields of the southern Mesopotamian Basin were subjected to detailed geochemical analyses (Tables 1 and 2). These analyses include API gravity, measurement of sulphur content, bulk carbon isotope, asphaltene precipitation, fractionation, gas chromatography–mass spectrometry (GC–MS). 

API gravity was performed on the crude oil samples, which is calculated from the density measured at 60°F. About 1-2mL of whole oil is injected using a syringe into an Anton Par DMA 500 density meter. This process is triplicated for the analysed oils in order to validate accuracy and reproducibility. The sulphur content (Wt.%) in the oil samples was measured using a vario ISOTOPE select elemental analyzer. 
The whole oil samples were treated to remove asphaltene by dissolved in an excess of n-pentane. The suspension of asphaltene was left for 5 min and then allowed to settle in a refrigerator for at least 1 h. The precipitated asphaltenes were then filtered.
The C15+ deasphalted fractions of oils were then fractionated into saturated hydrocarbon, aromatic hydrocarbon, and polar fractions using gravity-flow column chromatography employing a 100-200 mesh silica gel support activated at 400° C prior to use. Hexane is used to elute the saturated hydrocarbons, methylene chloride to elute the aromatic hydrocarbons, and methylene chloride/methanol (50:50) to elute the polar fraction. The saturated fraction was analysed by a GC-MS instrument using an Agilent 7890A or 7890B GC interfaced to a 5975C or 5977A mass spectrometer. The GC compound separation was performed using a HP-5 column (length: 50m, internal diameter: 0.2mm, film thickness: 0.11 micronmeter) and temperature programmed from 150–325oC at a rate of 2oC/min, and then held for 30 min at 320oC. The selected ion monitoring (SIM) capabilities of the data acquisition system permitted specific ions to be monitored, such as terpanes (m/z 191), and steranes (m/z 217) of saturated hydrocarbons. Saturated biomarker components were identiﬁed by comparison of the retention times and mass spectra of the monitored ions for terpanes and hopanes (m/z 191) and steranes (m/z 217) whereby their mass fragmentograms were compared with previously published work (Philp, 1985; Peters et al., 2005; Al-Khafaji et. al, 2014, Hakimi and Najaf, 2016). Peak assignment and identifications in the m/z 191 and 217 mass fragmentograms are listed in Appendix 1.

Saturated and aromatic fractions of the analysed oils were subsequently analysed for bulk stable carbon isotopic compositions (δ13C) following the standard procedure of the GeoMark research Ins. Houston, Texas using an Isoprime vario ISOTOPE select elemental analyzer and VisION isotope ratio mass spectrometer (IRMS). The results are reported as delta-notation relative to Pee Dee belemnite (PDB).

4. Results and discussion  
4.1. Geochemical and physical characteristics 
Geochemical and physical characteristics of the analysed crude oils in this study include API gravity, sulphur content and maltene fractions (Table 1). The analysed oils are moderate to heavy oils with specific gravity ranging between 24.9 and 31.1 API. Sulfur content of the analysed oils was also measured and the concentration recorded in most samples is greater than 2.0%wt (Table 1). We have evidence that the API gravity values in analysed crude oils decrease with increasing sulphur content, therefore, the low values of API gravity is associated with sulfur-rich oils (e.g. Baskin and Peters, 1992). This is indicated by the good positive correlation between API and S content as shown in Figure 3.  
Composition of the analysed oils was also measured and show that the concentration of hydrocarbons (i.e., saturate and aromatic) is high in the analysed oil samples, and consequently they have a relatively low non-hydrocarbon compounds (i.e., resin and asphaltene) (Table 1). These fractions are used to establish the biodegradation process in the analysed oils. The high hydrocarbons (i.e., saturate and aromatic) compared to non-hydrocarbon compounds (i.e., resin and asphaltene) indicate that there is no biodegradation observed in the analysed oil samples. This is consistent with low concentrations of asphaltenes (Table 1); since the high asphaltenes are likely a result of a biodegradation process among the oil samples (Peters et al. 2005). This is also concluded from the hydrocarbon distributions, where the C5 to C8 range (gasoline fraction) obtained for the analysed oils (Fig. 4). 
4.2. Bulk stable carbon isotope values 
Bulk stable carbon isotope values of the saturated and aromatic fractions are used to classify the oils and to determine the genetic relationship between oils and their potential source rocks (e.g., Sofer, 1984; Summons et al., 1992; Collister and Wavrek, 1996; Boreham et al., 2001). The analysed oil samples have δ13C values of their saturated and aromatic hydrocarbon fractions between -26.83‰ and -28.12‰ and -27.30‰ to -27.61‰, respectively (Table 1). 
Sofer (1984) suggested plot of bulk carbon isotope of the saturated fractions versus the aromatic fractions. Using the Sofer (1984) plot based on the data presented in Table 1, the analysed oil samples plot in the field of the marine organic matter (Fig. 5). The marine origin of the analysed oils also confirmed from canonical variable (CV) values (Table 1). The CV values have been used to distinguish between marine and terrigenous depositional environment (Sofer, 1984; El Diasty et al., 2016). The CV values more than –0.47 indicate mostly marine organic matter, whereas CVs less than –0.47 indicate predominantly terrigenous organic source (Sofer, 1984). The measured CV values for the analysed oils are between – 4.38 and –1.80 (Table 1), implying a marine origin. Moreover, isotope of bulk δ13C saturated and aromatic fractions in this study also suggests singular genetic oil family (Fig. 5).  

4.3. Hydrocarbon and biomarker distributions 
All the gas chromatogram of the analysed oils displays a full range of n-alkane compounds between C4–C36 (Fig. 4). Gas chromatograms also show acyclic isoprenoids (i.e. pristane and phytane). Phytane (Ph; C20) is always higher than pristane (Pr; C19) (Fig. 4), providing Pr/Ph ratio less than 1.0 (Table 2). The n-alkane and isoprenoids of the analysed oils show unimodal distribution, with dominance of short-chain n-alkanes (C4-C15) relative to long chain n-alkanes (C20-C35) with n-alkane maximum in the range of C6-C9 (Fig. 4). The n-alkane distributions giving low of carbon preference index (CPI) values in the range of 0.95–1.01 (Table 2). 
The m/z 191 mass fragmentograms for the analysed oils are characterised by high proportion of hopanes relative to tricyclic terpanes (Fig. 6). The hopane biomarkers are dominated by the presence of C30-hopane and C29-norhpane, with significant presence of 17 α (H)-trisnorhopane (Tm), and a considerable quantity of homohopanes (C31–C35) (Fig. 6). The C29-norhpane is higher in all of the analysed oil samples, with C29/C30 ratios more than 1 (Table 2). The analysed oils have also very low 18 α (H)-trisnorhopane (Ts) relative to 17 α (H)-trisnorhopane (Tm) (Fig. 6 and Table 2). The homohopane distributions are dominated by the C31 homohopane (Fig. 6), and the ratios of the homohopane distribution i.e., C31-22R-hopane/C30-hopane and C35/C34 ratios have been calculated (Table 2). In most samples, the abundance of C32 homohopanes is moderate and their ratio of 22S/22R + 22S epimerization is at moderate level, generally around 0.55 (Table 2). In addition, gammacerane has been recorded in the analysed oil samples, with variable gammacerane index (gammacerane/C30 hopane) in the range of 0.14–0.26 (Table 2). 
Steranes mass fragmentograms (m/z 217) for the analysed oils are characterized by high abundances of C27 regular steranes compared to the C28 and C29 regular steranes, and little appearance of diasteranes (Fig. 7 and Table 2). 20S/(20S+20R) and ββ/(ββ+αα) C29 sterane ratios are calculated and relatively consistent for all analysed oil samples, ranging between 0.34-0.44 and 0.42-0.47, respectively (Table 2). 
4.4. Oil characteristics from the southern Mesopotamian Basin 
As a hydrocarbon distribution, all the analysed oil samples are characterized by a high concentration of short chain n-alkanes and low concentration of long chain n-alkanes (Fig. 4). This is typical of oils derived from a high contribution of marine organic matter with no contribution of terrigenous organic matter input (Tissot and Welte, 1984; Moldowan et al., 1985; Connan et al., 1986; Lewan et al., 2006; Hakimi et al., 2012; Hakimi and Abdullah, 2013; Hakimi and Najaf, 2016). This is consistent with the bulk carbon isotope data of their saturated and aromatic hydrocarbons (Fig. 5). Based on the relationship between Pr/n-C17 and Ph/n-C18 (Fig. 8), a narrow values indicating that the oils are generated from marine source rocks containing algae organic matter and deposited under anoxic (reducing) conditions. These characteristics, along with low Pr/Ph ratios of less than 1.0, CPI values uniformly lower than 1.0, high sulfur content (> 2 wt.%) are typical of  marine carbonate source rocks bearing a Type II-S kerogen (Tissot and Welte, 1984; Moldowan et al., 1985; Connan et al., 1986; Lewan et al., 2006).

Terpane and sterane biomarkers give some additional information concerning the depositional environment and organic matter input of the potential source rocks of the oils. The predominance of C29-norhopane and C31-22R/C30 and C35/C34 hopane ratios (Table 2) are consistent with marine carbonate source rocks (Fig. 9). The pristane/ phytane ratio against CV values also further indicates derivation from marine carbonate source rocks (Fig. 10). This is again consistent with the relatively low values of the diasterane/sterane ratio (Table 2). 
The presence of the gammacerane biomarker in low concentration (Fig. 6) with low values of Gammacerane/C30 hopane ration (Table 2) indicates that the oils were generated from source rocks that deposited under not strongly hypersalinity but under high salinity stratification conditions (e.g. Moldowan et al., 1985; ten Haven et al., 1989; Sinninghe Damst
e et al., 1995) as supported from high sulphur content in the analysed oils (Table 1).

The high abundance of C27 steranes further indicates that there is little or no contribution from terrestrial higher plants (Hunt, 1996). The relative distribution of C27, C28, and C29 regular steranes was plotted on a sterane ternary diagram (Fig. 11), and shows the close similarity and planktonic/bacterial organic matter input of the source rocks of the analysed oils (Fig. 11). Furthermore, the C29/C27 regular sterane ratios lower than 1.0 in most analysed oils (Table 5) is a definitive indicator of a high contribution from marine-derived organic matter (Fig. 12). 

4.5. Maturity of oils 

The maturity of the analysed oil samples was primary interpreted by examining the specific biomarker ratios and coupled with non-biomarker parameters as presented in the previous subsections. The biomarker and non-biomarker parameters (Tables 1 and 2) suggests that the analysed oils were generated from early-mature to moderate mature source rocks and can be subdivided them into two maturity sub-groups (Figs. 13 and 14).
The specific maturity biomarker ratios i.e., CPI, C32 hopanes 22S/(22S+22R), Ts/Tm, C29 sterane 20S/(20S+20R) and ββ/(ββ+αα) ratios (Table 2) were used as maturity indicators (Bray and Evans, 1961; Seifert and Moldowan, 1978, 1981, 1986; Peters and Moldowan, 1993; Peters et al., 2005; Roushdy et al., 2010; El Nady et al., 2014). The C32 hopane 22S/(22S+22R), Ts/Tm, C29 sterane 20S/(20S+20R) and ββ/(ββ+αα) ratios increase with increasing maturity (Seifert and Moldowan, 1978, 1981, 1986; Peters and Moldowan, 1993; Peters et al., 2005; Roushdy et al., 2010; El Nady et al., 2014), whereas the CPI values decrease with increasing maturity (Bray and Evans, 1961). In this study, the biomarker ratios of the analysed oils (Table 2) suggest that the oils generated from source rocks at the variation maturity stages and range from early to moderate mature (Fig. 13A-B). This is consistent with the API gravity, and sulphur contents of the analysed oil samples (Fig. 13C-F). As shown in Fig. 13, the oils from the Zubair reservoir in the Zubair oilfield were generated from early-mature source rock and characterized by low API gravity and high sulfur content (> 4 wt. %), which is represented by sub-group A (Table 1). The B sub-group represents oils generated from moderate-mature source rock and characterized by a relatively low sulfur content (< 3 wt. %) and medium-range of API gravity (26–31o). This sub-group B is represented by most analysed oils produced from the Zubair and Nhr-Umr reservoir rocks in the Zubair, Luhais, Rumaila and Majnoon oilfields (Table 1). 
The oil compositions can also be used to estimate the thermal maturity of the source rocks and oils (Peters et al., 2005). The saturated and aromatic hydrocarbons increase with increasing maturity, whereas the non-hydrocarbon components (i.e., polar and asphaltene) decrease (Peters et al., 2005). The variation values of the concentration of oil components as shown in the Table 1 further suggest that the analysed oil samples were generated from early mature to moderate mature source rocks (Fig. 14).  
4.6. Oil-oil correlation and potential source rocks 
The genetic link between the analysed oils as oil-oil correlation was examined based on organic and inorganic chemical data. The results obtained in this study show there is a good correlation between the analysed oils. This correlation suggests that the oils are very similar and hence a likely origin from a single major genetic family. This is confirmed by similarities in the normal alkane, isoprenoid, hopane, and sterane biomarkers as indicated by a narrow cluster (Figs. 5, 8, 11 and 12). There are some variations noted with the maturity data, therefore, the major genetic family was then subdivided into two maturity sub-groups (Figs. 13 and 14). However, all biomarker distributions reveal that the analysed oils were generated from common marine carbonate source rocks.

Based on the previously work by Abeed et al. (2011), the most potential source rocks in the southern Mesopotamian Basin are the Late Jurassic-Early Cretaceous Sulaiy and Yamama formation. Abeed et al. (2011) reported that Late Jurassic-Early Cretaceous Sulaiy and Yamama marine carbonate source rocks are excellent oil-source rocks as evident from its high TOC content and hydrogen index (HI). They are bituminous limestones and black calcareous shales and were deposited in a marine environment under anoxic conditions (Abeed et al., 2011). The origin of these marine carbonate source rocks is demonstrated by the biomarker environment parameters (Abeed et al., 2011).
With respect to an oil-source rock correlation, the Late Jurassic-Early Cretaceous Sulaiy and Yamama marine carbonates appear to be the best potential source rocks of the oils in the present study. This evidences from matching the Pr/n-C17 and Ph/n-C18 for the Sulaiy and Yamama source rocks (Abeed et al., 2011) with those of the analysed oils (Fig. 8). The genetic link between the analysed oils and those of the Sulaiy and Yamama marine carbonate source rock is future supported by the similarities in the bulk carbon isotope composition of their saturated and aromatic hydrocarbons (Fig. 5). 
Stratigraphically, the Sulaiy Formation is in the study area deeply buried, therefore, the Sulaiy Formation source rock is more mature than Yamama Formation, but similar in terms of depositional environment and organic matter type. In this view of point, the Sulaiy Formation likely to be the potential source rock of the moderate-mature oils (sub-group B) in the present study and the Yamama Formation is indeed the source rock of the early-mature oils represented in the sub-group A.   

5. Conclusions 
Geochemical investigation of the numerous crude oils from Cretaceous clastic reservoir rocks in the southern Mesopotamian Basin, South Iraq suggests the following conclusions:

1- The analysed oils are characterized by low to moderate API gravity, relatively high sulphur contents and high hydrocarbon fractions, indicating that the oils are not biodegraded and hence the low values of API gravity is associated with sulfur-rich oils. This is supported by the presence of the light alkenes i.e. C5- C8 range.
2- The biomarker characteristics of the analysed oils are low Pr/Ph ratio, CPI ~ l, high values of the C35-S/C34-S and C31-R/C30 hopane ratios, relatively high C27 regular sterane, low ratio of Ts to Tm hopanes, and the predominance of C29-norhopane, all suggest that the oils are generally classified into a singular genetic oil family and generated from marine carbonate source rocks deposited under sulphide-reducing conditions and received high abundance of planktonic/bacterial organic matter. The marine origin of the source rocks for analysed oils also achieved from stable carbon isotope data.  
3- Biomarker maturity ratios and non-biomarker data such as API gravity and sulphur contents indicate that the analysed oils were generated from early-mature to moderate mature source rocks. Therefore, the analysed oils can be subdivided into two maturity sub-groups.   
4- The results of this study suggest there is a strong genetic link between the analysed oils and the most potential source rocks of the Late Jurassic-Early Cretaceous Sulaiy and Yamama marine carbonates in the southern Mesopotamian Basin. This genetic relationship is achieved from biomarkers of regular isoprenoid, terpane and sterane as well as carbon isotopic compositions as previously described by Abeed et al. (2011).   
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Figure Captions 
Figure 1: Location map for the northeast Arabian Peninsula in Iraq, which shows Mesopotamian and Zagross Fold Belt basins with oil and gas field locations, including study oilfield locations.

Figure 2: Generalized stratigraphic column of Jurassic–Cretaceous sequences of southern Iraq showing petroleum elements.
Figure 3: Relationship between API gravity versus sulphur content of the analysed oil samples, showing that the values of API gravity decrease with increasing sulphur content.  

Figure 4: Gas chromatograms of saturated hydrocarbon fraction of six representative analysed oil samples.  
Figure 5: Plot of the δ13C values of aromatic fractions versus of the δ13C values of saturated fractions for analysed oils samples and zones of the Late Jurassic-Early Cretaceous Sulaiy and Yamama source rocks in the basin. The line represents the best fit separation for waxy and non-waxy oils and is described by the equation δ13C Aromatic = 1.14 δ13C saturated + 5.46 (after Sofer, 1984).

Figure 6: Terpanes distribution in the m/z 191 mass fragmentograms in the saturated fraction of six representative oil samples.

Figure 7: Steranes and diasteranes distribution in the m/z 217 mass fragmentograms in the saturated fraction of six representative oil samples.  
Figure 8: Pr/n-C17 ratio versus Ph/n-C18 ratios of the analysed oil samples and zones of the Late Jurassic-Early Cretaceous Sulaiy and Yamama source rocks in the basin.

Figure 9: Average hopane ratios of analysed oils from southern Iraq suggesting a carbonate source rock (SR). Other data points represent average oil values from 150 global petroleum systems from marine carbonate, distal marine shale, marine marl, and lacustrine shale source rocks 
Figure 10:  Pristane/ phytane ratio versus canonical variable (CV) of the analysed oils from southern Iraq suggesting a carbonate source rock (SR). Other data points represent average oil values from global petroleum systems from marine carbonate, distal marine shale, marine marl, lacustrine shale, paralic shale and coal source rocks 
Figure 11: Ternary diagram of regular steranes (C27-C29) indicating the relationship between sterane compositions in relation to organic matter input and depositional environments (modified after Huang and Meinschein, 1979). 
Figure 12: Cross-plots for pristane/phytane versus C29/C27 regular steranes ratio, which provides an inference for a source rock deposit environment and lithology (modified after Peters et al., 2005).  
Figure 13: Relationship between selected biomarker maturity ratios and sulfur content (A and B) and API gravity and sulphur content versus biomarker maturity ratios of the analysed oil samples, showing that the analysed oil were subdivided into two maturity subgroups. 
Figure 14: Ternary diagram showing the gross composition: saturated hydrocarbons, aromatic hydrocarbons, and resins plus asphaltenes of the analysed oils, showing the analysed oil samples were subdivided into two maturity subgroups and generated from early-mature to moderate mature source rocks (modified after Peter et al., 2005). 
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