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Abstract: In the present study, a total of 6 oil samples were systematically selected from six Asmari Reservoir wells in 

Cheshmeh-Khush Oilfield for geochemical evaluation of hydrocarbon system based on reservoir geochemistry and oil 

fingerprints. An investigation on distribution pattern of normal alkanes and tricyclic and tetracyclic trepans along with 

characteristic biomarkers of the depositional environment and sedimentary facies indicated that, source rock of the studied 

hydrocarbons was deposited in a reducing aquatic environment with low input of terrigenous material and dominantly 

carbonate lithology derived from organic algal matter. The studied oil samples exhibited moderate maturity, as was further 

confirmed by the parameters extracted from light hydrocarbons. Statistical clustering based on different biomarker 

parameters indicated the presence of two oil families. Additionally, the application of branched and cyclic compounds in 

light hydrocarbons (C5 – C11) to evaluate lateral continuity of the Asmari reservoir further confirmed the presence of the two 

oil families. Different evidences proved the presence of a NE-SW trending fault separating the wells X5 and X6 from other 

wells in the field. In other wells across the field, good lateral reservoir continuity was observed despite the presence of faults 

on the northern and southern plunges of the structure.  
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1 Introduction 
 

Reservoir geochemistry can serve as a tool for determining paths for or barriers against fluid flow in oil and 
gas fields (Hwang et al., 1994). All around the world, several studies have been performed on reservoir 
continuity and statistical calculation of the connection between different reservoirs across oil and gas fields. It 
should be noted that, if the oils occurred across the same field had undergone similar geological history (in 
terms of, for example, source and maturity), the oils are expected to exhibit no significant difference in physical 
properties, such as density, specific gravity, sulfur content, and even biomarker compounds. Therefore, the best 
instrument for determining molecular composition of an oil sample is Gas Chromatography technique (Kaufman 
et al., 1990). The chemical composition identified via GC (that is also known as fingerprint) can serve as an 
indicator of reservoir characteristics. For example, the fingerprint technology can be used in addressing 
exploitation engineering and reservoir development problems, so as to identify connected reservoir horizons 
across different wells. This technology can be further used in determining the extent (reservoir continuity) and 
volume of reservoir across the oilfield based on which one can prepare reservoir extension maps and propose the 
required number and location of wells to be drilled (Kaufman et al., 1990; England et al., 1995; Smalley and 
Hale, 1996). 

Cheshmeh-Khush Oilfield produces oil from Asmari Formation as reservoir. This study was focused on 
identifying and evaluating the trends of changes in geochemical parameters across the reservoir. This is the first 
study in the region in which hydrocarbon samples were systematically taken from oil-producing wells across the 
field and subjected to comprehensive geochemical studies. Accordingly, the samples were geochemically 
evaluated by accurate determination of biomarker variations (fingerprints) and then, performing high-resolution 
gas chromatography (HRGC) and finally lateral reservoir continuity was examined across the field. 

 
2 Geological Setting 

 
Cheshmeh-Khush Oilfield as a producing field was explored in 1962. It is located in the west of Dezful 

Embayment as a part of the Zagros fold-thrust belt (Figure 1). The Zagros basin is generally divided into three 
individual parts of thrusted zone, imbricated zone, and simply folded zone (Sepehr and Cosgrove, 2004). These 
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zones comprise the part of terrigenous margin of the Arabian Platform and are currently separated by fault zones 
developed along N-S and E-W directions.  

 

 

Fig. 1. Structural location of the three zones established by the Zagros thrust-fold belt, and the position of Cheshmeh-Khush 

Oilfield (adapted Sepehr and Cosgrove (2004)). 

 
Known as reservoir target in Dezful Embayment, Asmari Formation is composed of tough and strong, creamy 

to light brown limestones, with its joint system and layering exhibiting significant degrees of regularity. Based 
on the fossils obtained from Asmari Formation, it ranges in age from Oligo-Miocene to Miocene (Motiei, 1995). 
In the studied area, it is composed of two facies, namely a clastic (Ahwaz Sandstone composed of silt, silty 
shale, and sandstone) and a carbonate facies (limestone and dolomite), so that lower parts of the Asmari 
Formation are dominated by sequences of limestone and sandy limestone. 

Moreover, from a geochemical point of view, as far as the Dezful Embayment is concerned, the organic 
matter of Kazhdomi and Garu Formations are  in oil generation stage and serve as the main source rock across 
the region. These formations are dominantly comprised of types II and II/III kerogens. In the meantime, Pabdeh 
Formation is known to be in early oil generation window (Bordenave and Burwood, 1990; Alizadeh et al., 
2012). 
 
3 Methodology 

 
As of present, a total of 14 wells have been drilled in Cheshmeh-Khush Oilfield, of which 9 instances are 

producing wells through which oil is withdrawn from Asmari Reservoir. In order to perform geochemical 
studies in this research, 6 wells with appropriate distribution across the structure were selected. Figure 2 
demonstrates the position of reservoir horizon along the stratigraphic column in each of the wells within the 
depth range of 3000 – 4000 m. Based on geophysical informations, two faults were identified on the Cheshmeh-
Khush Structure; these could have acted as barriers against fluid flow or as conduits fluid flow (Figure 2). In this 
structure, liquid hydrocarbons are being produced from dolomitic limestone and sandstone (lower part) of 
Asmari Formation. Average thickness of the formation across Cheshmeh-Khush Oilfield has been estimated to 
be 320 m (NIOC Exp., 2010). 

The oil samples of Asmari Reservoir selected from six vertically drilled wells (Figure 2). The samples were 
collected under atmospheric conditions at wellhead, so as to represent actual type of the produced oil. 
Deasphalting was performed based on Schoell’s method (Schoell et al., 1983), wherein asphaltene fraction of 
crude oil was precipitated in di-chloromethane solvent for 24 hours followed by introducing the filtered deposit 
to liquid chromatography column to separate different hydrocarbon fractions (Saturate and Aromatic) and non-
hydrocarbon fraction (Resin). In this method, normal pentene (a non-polar solvent), benzene, and methanol-di-
chloromethane solution (1:2 ratio) were used to separate saturated, aromatic and resin, respectively.  
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Fig. 2. Location map of the studied wells and identified faults (red dotted lines) in Cheshmeh-Khush Oilfield. The lower 

section further demonstrates the producing horizons along each well. The green dotted line across the Cheshmeh-Khush 

structure highlights the probable fault identified based on the reservoir geochemistry studies. 

 
The whole oil samples were subjected to GC analysis on a HP 5890 Series II apparatus equipped with a 

capillary column of 30 m in length, 0.2 mm in inner diameter, and 0.25 μm in inner thickness, and a flame 
ionization detector (FID). Used as carrier gas was helium at a flowrate of 300 mL/s. The oven  temperature was 
increased from 80°C to 300°C according to a linear program, i.e. at 3°C/min. The initial and final temperatures 
were kept unchanged for 5 and 20 minutes, respectively. Output peaks were identified on retention time in the 
column. GC-MS analysis was performed on saturated fraction on a Shimadzu QP2010SE apparatus. Being 
capable of detecting compounds with mass-to-ion ratio of 50-500 m/z, the apparatus was operated to acquire one 
scan per second. Accordingly, ions of characteristic compositions 191 and 217 were separated, which referred to 
tricyclic terpane and penta-cyclic terpane, respectively. The oven temperature was kept at 70°C for 1 minute and 
then increased to at 8°C /min to a maximum of 300°C, where it was kept constant for 20 minutes.  

To derive the API gravity, the specific gravity (i.e., density relative to water) is first measured using the 
Antonpaar SVM-3000 method detailed in ASTM D287. The formula to calculate API gravity from Specific 
Gravity (SG) is: (141.5/SG)-131.5. Also, the sulfur content in oil samples is measured by Horiba SLFA-2800 in 
ASTM D4294. 

The all of analysis were conducted at the Petroleum Laboratory of RIPI (Research Institute of Petroleum 
Industry) in Tehran, Iran. 

In order to correlate reservoir continuity and plot hierarchical cluster analysis diagram, Cluster Ver. 3 
Software was utilized. For this purpose, chromatography data was normalized by calculating peak height ratio. 
Appropriate peaks were selected based on their ability to separate different oil types and petroleum families. 
 
4 Discussion 

 
4.1 Bulk composition 

 
The gas chormatograms and fragmenotgrams of steranes and terpanes on the six oil samples selected from 

Asmari Reservoirin wells X3 and X6 are demonstrated in Figure 3. The compounds corresponding to the 
biomarker peaks are presented in Table 1. Moreover, the values of the ratios calculated from the GC and GC-
MS analyses are reported in Table 2. In order to determine some physical properties of oils, the wells X2 and X5 
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were analyzed in terms of sulfur content and API degree. The results show  that the composition of  all the oils 
did not exhibit significant variations across different wells. Sulfur contents of the wells X2 and X5 were 3.36 
and 3.61%, respectively, with their API degrees calculated to be 25 and 23°, respectively. In this way, in terms 
of sulfur content (Chang et al., 2012) and API degree (Danyluk et al., 1982), the oils were categorized as sour 
oil and intermediate oil, respectively. As observed, it is well evident that API degree increases and crude oil 
becomes lighter as sulfur content of the oil decreases across the reservoir. 

Results of GC analysis on whole oil samples were indicative of identical distribution of normal alkanes, with 
the only exception in this respect being the well X6 (Figure 3A). Accordingly, CPI values smaller than 1 for all 
oils revealed the abundance of even normal alkanes (Table 2) (Hunt, 1996). Also, the pristane/phytane (Pr/Ph) 
ratios ranges between 0.22 and 0.62, the pristane/n-C17 (Pr/n-C17) ratios ranged from 0.15 to 0.24, and 
phytane/nC-18 (Ph/nC18) values were calculated to ranges between 0.20 and 0.45 (Table 2). These values imply 
that secondary biodegradation processes have not affected the oils in Cheshmeh-Khush Oilfield (Hughes et al., 
1995). Despite its different distribution pattern of normal alkanes, as compared to other wells, well X6 exhibited 
similar values of Pr/nC17 and Ph/nC18 ratios to those of the well X5; the causes of such similarity are further 
discussed in the following. 
 

 

Fig. 3. (A) Gas chromatograms of the saturated hydrocarbons, and (B) the fragmentograms obtained from GC-MS analysis 

on saturated hydrocarbons (m/z 191, 217) of the oil samples taken from wells CK-X3 and CK-X6 in Cheshmeh-Khush 

Oilfield. The corresponding compounds are listed in Table 1. 

 
Table 1 Identification for numbered peak 

Terpanes Peaks of m/z 191 

Assignment Formula Compound No. 

C2718α(H), 21β(H)-22,29,30-trisnorhopane (C27 Ts) C27H46 1 

C2717α(H), 21β(H)-22,29,30-trisnorhopane (Tm) C27H46 2 

3 C2817α(H), 21β(H)-28,30-bisnorhopane C28H48 

C2917α(H), 21β(H)-25-norhopane C29H50 4 

C2918α(H), 21β(H)-30-norneohopane C29H50 5 

C2917β(H), 21α(H)-30-norhopane (normoretane) C29H50 6 

C3017α(H), 21β(H)-hopane C30H52 7 
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C3017β(H), 21α(H)-hopane (moreane) C30H52 8 

17β,21β(H)-30-homohopane (22S & R) C31H54 9 

17α,21β(H)-30,31-bishomohopane (22S & R) C32H56 10 

17α,21β(H)-30,31,32-trishomohopane (22S & R) C33H58 11 

17α,21β(H)-30,31,32,33-tetrakishomohopane (22S & R) C34H60 12 

17α,21β(H)-30,31,32,33,34-pentakishomohopane (22S & R) C35H62 13 

 

Sterane Peaks of m/z 217 

Assignment Formula Compound No. 

Diasterane - A 

C27-C29 Steranes - B, C, D 

 
 Table 2 Bulk composition and Molecular parameters of crude oils from Cheshmeh Khush (Asmari 

Reservoir), Iran. 

C29Sterane/C30Hopane Ts/Ts+Tm 

C29/C27 

(20R) 

Sterane 

TAR Ph/n-C18 Pr/n-C17 Pr/Ph CPI S% API Depth (m) Wells 

0.52 0.23 1.24 0 0.24 0.2 0.49 0.6 - - 3462-3612 X1 

0.50 0.23 1.29 0 0.17 0.15 0.22 0.66 3.36 25 3415-3618 X2 

0.50 0.22 1.25 0 0.21 0.18 0.44 0.59 - - 3626-3776 X3 

0.63 0.24 1.19 0 0.2 0.18 0.4 0.75 - - 3562-3644 X4 

0.74 0.29 0.94 0.04 0.42 0.22 0.59 1.01 3.61 23 3512-3552 X5 

0.81 0.28 1.25 0.26 0.44 0.24 0.62 0.95 - - 3613-3642 X6 

 
 Table 2 (continued) Bulk composition and Molecular parameters of crude oils from Cheshmeh Khush 

(Asmari Reservoir), Iran. 

C28/C29 ββ Sterane ETR 
Mor./ 

C30H 

Ol./Ol.+ 

Hop. 
C29Ts/C29Tm Ts/Tm 

C24/C23 

Tricyc. 

Terpane 

C22/C21 

Tricyc. 

Terpane 

Ol./ 

C30H 
Depth (m) Wells 

0.71 1.24 0.12 0 0.13 0.3 0.38 1.05 0 3462-3612 X1 

0.66 1.08 0.13 0 0.13 0.3 0.38 1.07 0 3415-3618 X2 

0.70 1.31 0.11 0 0.10 0.29 0.35 1.06 0 3626-3776 X3 

0.69 2.6 0 0 0.12 0.32 0.41 1.25 0 3562-3644 X4 

0.85 2.95 0.19 0.13 0.19 0.40 0.52 1.03 0.14 3512-3552 X5 

0.82 2.63 0.22 0.17 0.21 0.40 0.51 1.14 0.20 3613-3642 X6 
 

Pr/Ph = Pristane/Phytane; Ol/C30H = Oleanane/C3017α(H), 21β(H)-hopane; Ts/Tm = 18α(H) – trisnorhopane/17α(H)- trisnorhopane; TAR = 

(C27+C29+C31)/(C15+C17+C19); C29Ts/C29Tm = C2918α(H), 21β(H)-30-norneohopane/C2917α(H), 21β(H)-25-norhopane; Ol./Ol.+Hop. = 

Oleanene/Oleanane + C3017α(H), 21β(H)-hopane; ETR = (C28 Tricyclic Terpane +C29 Tricyclic Terpane/18α(H) – trisnorhopane (Ts);  CPI= 

[(C25+C27+C29+C31)+(C23+C25+C27+C29+C31)]/2(C24+C26+C28+C30+C32); Mor./C30H = Moretane/ C3017α(H), 21β(H)-hopane 
4.2 Depositional environment 

 
Low values of calculates terrigenous/aquatic ratios (TARs) (Bourbonniere and Meyers, 1996) for the samples 

indicate abundance of aquatic organic matter, even though the terrigenous organic matters input were slightly 
higher in the wells X5 and X6. Prepared to interpret depositional environment of the source rocks of the studied 
oil samples, the plot of Pr/nC17 versus Ph/nC18 (Connan and Cassou, 1980) indicated a reducing marine 
condition and derived from organic matters containing kerogen type II. The wells X5 and X6 clearly showed 
more intensively reducing environment, as compared to other wells (Figure 4). The Pr/Ph ratio can be used to 
distinguish between different depositional environments. The calculated values of Pr/Ph were smaller than 1, 
indicating the dominance of relatively reducing conditions during deposition (Hunt, 1996). The plots of steranes 
ratio (C29/C27(20R)) versus the Pr/Ph ratio (Mackenzie, 1984) further confirmed the source rock was deposited 
in a reducing environment and composed of algal organic matter (Figure 5). The presence of tricyclic terpanes 
along the distribution of hopane (m/z 191) implied the deposition of the source rock in marine environment, 
because this terpane is absent in terrigenous source rocks (Ourisson et al., 1982). 
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Fig. 4. Variations of Pr/nC17 versus Ph/nC18 in the Asmari Reservoir oils indicate reducing depositional environment and 

intermediate maturity (Connan and Cassou (1980)). 

 

 

Fig. 5. Plot of variations of C29/C27 steranes versus Pr/Ph ratio; the plot clearly indicates that the studies oil samples were 

originated from a reducing algal source rock (Mackenzie (1984)). 

 

 The oleanane biomarker (18α(H)-oleanane) is known to be derived from angiosperms (flowering plants) and 
higher plants (Moldowan et al., 1994). The oleanane index (OI) or oleanane/C30 hopane ratio can be used to 
identify the depositional environment. Accordingly, the oils with high OI values (higher than 30%) are related to 
terrigenous source while a low OI value (i.e. lower than 10%) characterizes an marine source with low 
terrigenous organic matter input at during source rock deposition (Hunt, 1996). The calculated value of OI for 
all oil samples was zero, except the wells X5 and X6. Based on this assumption, the candidate source rock for 
wells X5 and X6 seems to be different of other well oils.. Looking on distribution pattern of steranes (m/z 217), 
the lower abundance of diasteranes compared to steranes showed that the corresponding clay-poor source rock 
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(Peters and Moldowan, 1993). The higher abundance of C27 steranes in the studied samples indicated marine 
source rock with low terrigenous organic matter input (Peters and Moldowan, 1993; Ekpo et al., 2013). 

As observed on the distribution pattern of hopane (m/z 191), all of oils exhibited higher abundance of C29 
hopane rather than C30 hopane. This suggests carbonate source rock for the studied oil samples (Subroto et al., 
1991). High values of the ratio of C22-to-C21 tricyclic terpanes along with low values of the ratio of C24-to-C23 
terpanes in the samples (Table 2) indicated a carbonate-marl-dominated source rock (Zumberge and Ramos, 
1996). Relatively high abundance of C24 tetracyclic terpanes in most of the studied samples was indicative of a 
non-shale lithology for the source rock (Peters et al., 2005). 
 
4.3 Oils maturity 

 
Thermal maturity was evaluated based on the parameters calculated from terpanes (m/z 191) as biomarkers. 

Variations of the ratio of 18α(H)-C27 trinorhopane (Ts)/17α(H)-C27 trisnorhopane (Tm) versus C29 Ts/Tm can 
be used to determine maturity level of the crude oil samples (Ourisson et al., 1984). As shown on Figure 6, the 
wells X1, X2, and X3 are located in early maturity stage, while those obtained from the wells X5 and X6 
exhibited higher maturity compared to the other samples, i.e. indicates mid-maturity stage. This result indicate 
that thermal maturity of the oils has been increased in northwest of the field. This was further confirmed by 
calculating the CPI value at the wells drilled in Cheshmeh-Khush Oilfield (Table 2).  

 

 

Fig. 6. The plot of Ts/Tm versus 29Ts/29Tm indicates higher maturity of the samples in the wells X5 and X6 within 

Cheshmeh-Khush Oilfeld (Ourisson et al. (1984)). 

 
With increasing the thermal maturity, the values of mortane/C30 hopane ratio decreases, so that immature 

source rocks and oil samples exhibit mortane/C30 hopane ratios ranging between 0.15 and 0.8, while the ratio is 
as low as 0.05 in mature samples (Seifert and Moldowan, 1980). In the studied samples, the ratio exhibited 
different values between 0 and 0.22, indicating mid-maturity of the crude oil samples (Table 2). 

Since Ts hopane (18α (H) - 22, 29, 30 – trisnorneohopane) is known to be more thermally stable than Tm 
hopane (17α (H) - 22, 29, 30 – trisnorhopane), an increase in the Ts/Ts+Tm ratio may indicate increased thermal 
maturity of the samples (Peters and Moldowan, 1993). The calculated values of this ratio for the samples 
considered in this research (~ 0.2) implied imperfect isomerization of the compounds and demonstrated low to 
moderate maturity of the samples. 
 
4.4 Source rock age 

 
The age-specific biomarkers refer to particular classes or groups of organisms and primary organic matters 

formed out of the organisms (e.g., oleanane from angiosperm plants, diasterane derived from dinoflagellates, 24-
isopropyl cholstane from sponges, etc.). If the value of oleanane/(oleanane + hopane) ratio exceeds 0.2, the oils 
has been derived from source rocks of tertiary ages (Peters et al., 2005). The calculated values of this ratio in the 
oils (< 0.2) suggest strongly that an Upper Cretaceous or older source rock must be considered in the studied 
area. It is worth noting that the ratio was zero in four wells, namely the wells number X1, X2, X3, and X4, while 
the wells X5 and X6 (drilled in northwest of Cheshmeh-Khush Oilfield) exhibited oleanane/(oleanane + hopane) 
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ratios of 0.14 and 0.20, respectively. This could be attributed to the effect of a source rock younger than Upper 
Cretaceous on the migrated oil in these wells. Geochemical studies performed in Zagros depositional 
environment show that Pabdeh Formation (Paleocene) known as a source rock with hydrocarbon potential 
across the region and oleanane biomarker is also considered as its most important indicator (Bordenave and 
Burwood, 1990; Alizadeh et al., 2018). As such, two possible causes can be considered for the presence of 
oleanane in these wells: (1) the effect of Pabdeh Formation on the petroleum system in northwest of the 
structure, and (2) higher maturity (Figure 7) of this part of the structure, upon which Pabdeh Formation is well 
matured, and the effect of hydrocarbon leaching during the fluid migration (Curiale, 2002) through the Pabdeh 
Formation. Another important parameter that is less affected by thermal maturity and hence can be used to 
distinguish between crude oils generated from Jurassic source rocks and those from Triassic source rocks is the 
so-called Extended Tricyclic Terpane Ratio, ETR (Holba et al., 2001): ETR = (C28 + C29)/Ts 

Plotting the above-defined ratio versus C28/C29 ββ Sterane ratio, one can distinguish between crude oils of 
different ages (Holba et al., 2001; Grantham and Wakefield, 1988). As can be observed on Figure 7, the oil 
samples indicate that the source rock was within Jurassic-Cretaceous in age (probably Garau (Neocomian-Upper 
Turonian) and Sargelou (Bajocian-Bathonian) Formations). The interesting point to note was that the oil 
samples of  X5 and X6 were found to be of Cretaceous or younger ages; accordingly, the effect of a secondary 
source rock (e.g., Pabdeh Formation) on the generation of liquid hydrocarbons is well evident, which is in good 
agreement with the result of previous research works. 
 

 

Fig. 7. Plot of variations of C28/C29 ββ Sterane ratio versus ETR in the studied samples (adapted from Holba et al., 2001; 

Grantham and Wakefield (1988)). 

 
4.5 Evaluation of light hydrocarbon 

 
Light hydrocarbons (LHs) comprise an important fraction of petroleum in crude oils of high API degrees and 

condensates; these can serve as a powerful tool for geochemical studies (Mango, 1994; Mathur et al., 2000). The 
parameters extracted from LHs can be used to determine maturity stage, biodegradation, effect of evaporites on 
the crude (TSR), and condensate generation mechanism (Mathur et al., 2000). In this study, the LH-related 
parameters in oil samples have been calculated (Table 3). 

In 1987, Thompson succeeded to use the toluene/n-heptane ratio (aromaticity ratio, B) versus n-
heptane/methylcyclohexane ratio (paraffinicity ratio, F) to identify the secondary processes affecting 
hydrocarbons (e.g., water washing, biodegradation, evaporative fractionation). Figure 8 shows that, the oils in 
Asmari Reservoir are moderately matured, as indicated by high content of saturated compounds and low content 
of aromatic compounds, with no fractionation between the gas and liquid phases. This finding is in good 
agreement with previous research works. 
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Fig. 8. Toluene/n-heptane (Aromaticity Index) vs. n-heptane/methylcyclohexane (Paraffinicity Index) plot based Light (C7) 

hydrocarbon data from the Asmari oils showing the maturated hydrocarbon (Thompson (1987)). 

 
Table 3 Light hydrocarbon ratios of crude oils from Cheshmeh Khush (Asmari Reservoir), Iran. 

P2 N2/P3 
3-MH+2,4-DMP 

(%) 

2-MH+2,3-DMP 

(%) 
Paraffinicity Aromaticity Depth (m) Wells 

0.43 0.60 0.27 0.26 1.91 0.41 3462-3612 X1 

0.73 0.56 0.46 0.45 2.18 0.32 3415-3618 X2 

0.26 0.80 0.17 0.16 1.83 0.38 3626-3776 X3 

0.26 1.00 0.16 0.15 2.01 0.37 3562-3644 X4 

0.22 0.62 0.15 0.13 1.89 0.45 3512-3552 X5 

0.33 0.57 0.22 0.20 1.81 0.37 3613-3642 X6 

Note: Aromaticity = toluene/n-heptane; Paraffinicity = n-heptane/methylcyclohexane; 2-MH+2,3-DMP (%) = 2-Methylhexane+2,3-Dimethylpentane 

(wt% of total oil); 3-MH+2,4-DMP (%) = 3-methylhexane+2,4-Dimethylpentane (wt% of total oil); N2 = 1,1-dimethylcyclopentane+cis-1,3-

dimethylcyclopentane+trans-1,3-dimethylcyclopentane; P3 = 2,2-dimethylpentane+2,4-dimethylpentane+2,3-dimethylpentane+3,3-imethylpentane + 

3-ethylpentane; P2 = 2-methylhexane+3-methylhexane. 

 
In 1997, Mango identified four heptane isomers that acted similarly in different petroleum systems. These 

four heptane isomers included 2-methylhexane (2-MH), 3-methylhexane (3-MH), 2,3-dimethylpentane (2,3-
DMP), and 2,4-dimethylpentane (2,4-DMP). He proved that, different petroleum systems exhibit different 
values of (2-MH+2, 3-DMP) / (3-MH+2, 4-DMP) ratio (K1). In the present study, as is clearly observed in 
Figure 9, all of the oils exhibited the same linear equation (y = 1.10154x – 0.017) with a R

2
 value of 0.9984. 

Based on the Mango’s results and considering the obtained value of K1 (1.0726), all of the oils originated from 
the same petroleum system, interestingly confirming the previous results. 
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Fig. 9. The plot of 3-MH+2,4-DMP versus 2-MH+2,3-DMP in the Asmari Reservoir oils indicates that the samples are 

sourced from the same petroleum system (Mango (1997)). 

 
In 1990, Mango could identify and evaluate depositional environment of hydrocarbon generating source 

rocks. Figure 10 demonstrates the cross-plot of N2/P3 versus P2 for the analyzed oil samples from Asmari 
Reservoir. As can be observed, the studied samples exhibited approximated N2/P3 values above 1, 
characterizing an aquatic environment with terrigenous organic matter input has been introduced. The result was 
further confirmed by the abundance of C27, C28, and C29 steranes and other biomarker parameters. 

 

 

Fig. 10. Cross-plot of variations of N2/P3 versus P2 for Asmari Reservoir oils (Mango (1990)). 

4.6 Determination of petroleum families using HCA 

 
The hierarchical cluster analysis (HCA) method has been used to evaluate the similarities and difference 

between different samples and investigate the reservoir continuity. In the present research, in order to draw the 
Dendrogram, Ward’s methodology (inter-group relation) with Euclidian distance was used to calculate 
similarities. This method has been much efficient in determining different petroleum families. Accordingly, 
vertical axis of the Dendrogram refers to matrix-based similarity based on Euclidian distance. Figure 11 presents 
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the results of HCA on the studied oil samples using biomarker data (C29 sterane (20S/20R+20R),  Ts/Ts+Tm, 
C27 Sterane Dia/Dia+regular, C35S/C34S homohopanes,  C27/C29 sterane,  C22/C21 tricyclic terpanes, 
C29/C30 hopanes, C28/C29 ββ steranes, CPI,  Oleanane/C30 Hopane,  C24/C23 tricylic terpanes 
parameters). As seen on the figure, two petroleum families were identified across the Asmari Reservoir in 
Cheshmeh-Khush Oilfield. Accordingly, the first family was represented by X1, X2, X3, and X4 oil samples 
and the second family was introduced by the X5 and X6 oil samples in this field. The obtained result exhibited 
good agreement with the studied biomarker parameters. As expected, the oils found in the wells X5 and X6 in 
this field indicated a contribution of different source rock (i.e. Pabdeh Formation).  
 

 

Fig. 11. Dendrogram of cluster analysis of biomarker data distinguishing two groups (families A and B) of oil reservoir.  

 
4.7 Lateral continuity of Asmari Reservoir 

 
Differences in reservoir fluid composition across a field or in different zones within the same reservoir 

indicate discontinuity of the reservoir or reservoir zones, i.e., different reservoir zones do not flow into one 
another (Hwang et al., 1994). Reservoir characterization in terms of independent reservoir zones and their 
distribution may guide us in the field development and reservoir management practices, as it contributes to more 
accurate reservoir estimation and adoption of better production strategies (kamali and Ghorbani, 2006). 
Adaptive comparison of gas chromatographic fingerprints can be extensively used to evaluate reservoir 
continuity for field development and management (Slents, 1981; Kuafman et al., 1990). This attitude is based on 
experimental evidences indicating that the oils derived from the same continuous reservoir tend to exhibit 
similar chromatograms, while oils in separated reservoirs exhibit significantly different chromatograms. 

In this study, fingerprint technology was utilized based on HRGC analysis to evaluate reservoir continuity of 
Asmari Reservoir in lateral direction in the Cheshmeh-Khush Oilfields in the west of Dezful Embayment. 

In order to identify lateral reservoir continuity in Asmari Reservoir, the LHs (C5 – C11) peaks height was 
used. The compounds used to identify the 6 oil samples are listed in Table 4 and Figures 12 and 13. Figure 14 
demonstrate star diagram of the calculated ratios of the branched and cyclic compounds used in this research. As 
observed, two petroleum families were observed in the Asmari Reservoir oils; accordingly, the X5 and X6 oil 
samples exhibited significantly different hydrocarbon compositions from those of the wells number X1, X2, X3, 
and X4. The two families could be further seen on the cluster diagrams prepared based on the biomarker 
parameters characterizing maturity, age, and sedimentary facies. The oils of X5 and X6 exhibited different 
values of 2,6 diethylheptane-to-1,1,3-trimethylcyclohexane ratio, making them distinctive of other samples. This 
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separation could be attributed to the effect of thermal maturity on the composition of branched and cyclic 
compounds in these two wells (Yabuta et al., 2002) as seen in Figure 6. 

 

Fig. 12. Numbered peaks of linear, cyclic and branched alkanes in the whole oil GC of CK-X1, X2 and X3 wells. 

 

Table 4 Chemical identification of branched and cyclic compounds of crude oils from Cheshmeh Khush (Asmari 

Reservoir), Iran. 

q/r o/p m/n k/l i/j g/h e/f c/d a/b Depth (m) Wells 

0.86 0.92 1.67 1.30 0.85 1.00 0.97 0.68 0.67 3462-3612 X1 

0.95 1.00 1.63 1.23 1.39 1.21 0.67 0.67 0.82 3415-3618 X2 

0.97 0.99 1.48 1.21 1.34 1.20 0.76 0.56 - 3626-3776 X3 

0.93 0.99 1.56 1.27 1.34 1.20 0.90 0.58 0.78 3562-3644 X4 

0.86 0.90 1.70 1.30 0.82 1.04 0.92 0.57 0.44 3512-3552 X5 

0.86 0.98 1.70 1.25 0.81 0.93 0.96 0.58 0.71 3613-3642 X6 

Note: a = 2-methylpentane; b = 3- methylpentane; c = 2,3-diethylhexane; d = 3-methylhexane; e = Ethylcyclopentane; f = 2,4-diethylhexane; g = 2-

methylheptane; h = 3-methylheptane; I = 2,6-dimethylheptane; j = 1,1,3-trimethylcyclohexane; k = m+p Xylene; l = 4-methyloctane; m = 2,5-

diethyloctane; n = 2-methylnonane; o = 3-methylnonane; p = 1,2,4-trimethylbenzene; q = 2,5-dimethylnonane; r = 4-methyldecane. 
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Fig. 13. Numbered peaks of linear, cyclic and branched alkanes in the whole oil GC of CK-X4, X5 and X6 wells. 
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Fig. 14. Star diagram of selected peak ratios from HRGC fingerprinting of Cheshmeh Khush wells (Asmari Reservoir), 

showing apparent lateral continuity in X1, X2, X3 and X4 except of X5 and X6 wells. 

 

 

Fig. 15. The plot of formation pressure versus depth in Asmari Reservoir in Cheshmeh-Khush Oilfield well demonstrates the 

presence of two different pressure gradients. 

 
Along with geochemical data, reservoir pressure data can be used to investigate reservoir continuity on 

selected samples. In order to calibrate the data, all of such data from DST tests (calculated with reference to 
mean sea level) were used for this purpose. As seen on Figure 15, two different pressure gradients (i.e., 0.29 and 
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0.31 psi/ft) were calculated for the Asmari Reservoir in the studied wells. Based on the results, Asmari 
Reservoir was found to be continuous across wells X1-X4, while the wells X5 and X6 exhibited different 
pressure gradients, indicating discontinuity to other wells. These results well confirmed the results of reservoir 
geochemistry analysis. 

Another important point to note in this field, when it comes to continuity determination, is the reducing and 
deepening of reservoir intervals in the wells X5 and X6, as compared to other wells, which could be a result of a 
potential NE-SW trending fault within this field (Figure 2). Moreover, distortion of the fault on the northern 
plunge at well X6 may confirm such a hypothesis. There are also chances that the effect of Pabdeh source rock 
around the two wells contributed to the deepening of sediments and hence increased maturity in this region, 
which in turn has ended up developing a distinctive petroleum family (Figure 11). One may also notice the 
similarity among the oil samples of X1-X4 despite the action of the fault on the northern and southern plunges 
of Cheshmeh-Khush Oilfield, which indicates ineffectiveness of the seal across the field, through which the 
reservoir fluids could pass, i.e. the four wells exhibit good lateral reservoir continuity. Although, if the GOR 
data were available, it could validate the results. 
 
5 Conclusion 
 
 Evaluation of the oil samples general parameters indicated that they are sour oil with API degree improving 

with decreasing sulfur content.  
 Pr/Ph and TAR ratios and distribution patterns of C27, C28, and C29 steranes revealed that the corresponding 

source rocks were deposited in a reducing aquatic environment with low input of terrigenous matter. 
 In terms of lithology, distribution patterns of C21, C22, C23, and C24 tricyclic terpanes along with the steranes 

are showing carbonate-marl dominated source rocks. 
 Identified biomarkers of the steranes and terpanes along with imperfect isomerization of the compounds 

indicated mid-maturity stage for the oil samples which is increasing toward the northwest of the oil field. 
 Using ETR, Oleanane Index (OI), and C28/C29 ββ sterane values, source rock of the oils is Jurassic-Cretaceous 

in age. Although, X5 and X6 oils clearly indicating the effect of Cretaceous or younger ages source rock (e.g. 
Pabdeh Formation) on the generation of liquid hydrocarbons. 

 The light hydrocarbon parameters indicate the same hydrocarbon system dominated by aquatic organic matter 
for the oil samples. 

 The clustering Dendrogram based on 11 biomarker ratios showed two petroleum families in the reservoir. The 
first one represented by X1, X2, X3, and X4 oil samples and the second one delineated based on the wells X5 
and X6. The second petroleum family indicates that the components have been sourced from different 
hydrocarbon systems.  

 Lateral continuity of the reservoir improved by branched and cyclic compounds (C5 – C11) and formation 
pressure data confirmed two petroleum families in the studied area. Action of a potential NE-SW trending 
fault in the southeast of the X5 and X6 wells might be resulted in the distinct behaviors exhibited at the wells. 
Good lateral reservoir continuity was observed in second family across the oilfield despite the presence of 
faults on the northern and southern plunges of the structure. 
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