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Abstract: This paper is a study on some oil samples and asphaltene particles of Bangestan reservoir
(Asmari Formation) at Ahwaz oilfield, located in southwest of Iran. Asmari and Kazhdumi formations
are mainly reservoir and source rock respectively on south and south-west of Iran. Composition of
oil samples determined from SARA test. Geochemical study was done on separated asphaltene
particles. Flocculation onset and effect of inhibitors to delay the onset were considered for each oil
samples. The final results show that oil samples from west part of this oilfield has lower asphaltene
content comparing to eastern samples, despite to the fact that west part of oilfield has more asphaltene
deposition problems. Geochemical-study shows the oil-mixing at west part of oilfield, which is a cause
of asphaltene deposition. Using microscopic approach and n-Heptanes as precipitant solvent, onset of
asphaltene flocculation determined for each sample. Toluene and Xylene added separately to the
samples. Results show that in west part of oilfield Toluene has better effect on delaying flocculation
onset comparing to Xylene, while in east part of oilfield Xylene has better effect.
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INTRODUCTION

Asphaltenes defined as the fraction of crude oil that are insoluble in light n-alkanes (e.g. n-Heptane) but
soluble in aromatic solvents (e.g. Toluene) (Mitchell and Speight, 1973, Carnahan and Salager Raquel Anton,
2007). Changes in pressure, temperature and composition during the production, transport and refining stages
can cause the formation of asphaltenic solid deposition (Hirschberg and et al., 1984, Andersen and et al., 1998,
Fenistein and et al., 1998, Vafaie-Sefti and Mousavi-Dehghani, 2006). Measuring the flocculation onset play
an important role at the process for avoiding asphaltene deposition (Wang and et al., 2004).

Present paper is a study on some oil samples from Bangestan reservoir (Asmari formation) at Ahwaz
oilfield, which is always faced with asphaltene deposition problems. Following is some information about
Ahwaz Oilfield, Asmari and Kajdumi formations.

Geological Setting:
Geological provinces:

The ZFTB is subdivided into the Lurestan, Izeh and Fars zones or salients, which are separated by orogen-
oblique transfer structures. Towards the foreland (southwestward), there are two regional saddles, the "Dezful"
(in Iran) and the "Kirkuk" (in Iraq) embayments. These embayments are younger than the Late Oligocene-Early
Miocene carbonates of the Asmari Formation. They represent subsiding sedimentary basins and depocenters
of Mid-Miocene to Recent age characterized by molasse type deposits. Subsidence is related to the developing
foredeep of the ZFTB (Abdollahie Fard, 2006).

The Dezful Embayment and the Abadan Plain as part of the Mesopotamia Foredeep Basin is located on
the SW side of the Dezful Embayment regions are separated based on differences in the structural trends. The
border between the regions is defined by the NW-SE trending gentle anticlines which are located along the
southwestern margin of the Dezful Embayment. In general, according to composite Bouger anomaly of area
the N-S trending anomaly changes to NW-SE trends under the Dezful Embayment. The NW-SE trending
anomalies of the Dezful Embayment signify the anticlinesg. Figure 1 in part (a) shows the location of Ahwaz
field on South-West of Iran and North-West of Persian Gulf with those structures trending. Red area indicates
Ahwaz oil filed on SW of Iran (Abdollahie Fard, 2006). Part (b) shows wells locations of Ahwaz filed that
indicated.
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Asmari Formation as Reservoir:
Asmari Formation is mainly reservoir in south and south-west of Iran. It has limestone and sandstone

(Ghar or Ahwaz Member) types. The hydrocarbon system of Tertiary rocks includes Miocene limestones of
the Asmari Formation, which represent the principal reservoir in the study region, overlying salts of the
Gachasaran Formation, as well as Eocene–Oligocene clays of the Pabdeh Formation that generated some
bitumoids (Konyuhov and Maleki, 2006). The Asmari Formation (up to 400 m thick) in the Iranian area of
the Mesopotamian Foredeep is divided into numerous cyclites (0.5–5 m thick), in which fine bedded dolomites
and limestones are associated with anhydrite micro-concretions. Anhydrite developed after gypsum that
precipitated from brines in sebkhas during the late diagenesis. Commonly, fine-grained dolomites with a
significant microporosity and very low permeability lie at the top of the cyclites. Biomorphic-detrital limestones
accumulated under sublittoral conditions near the shoreline are frequently found at their base. Data on stable
18O and 13C isotopes testify to high water salinity in the sedimentary basin. The accumulation rate of Asmari
carbonate sediments decreased from 41–93 m/Ma in the Late Oligocene to 14–28 m/Ma in the Early Miocene.
Dolomitization of limestones during their burial significantly improved their reservoir properties (in particular,
permeability). Petroleum pools in the Asmari limestones were preserved due to their sealing by evaporites of
the Gachsaran Formation over wide areas (Konyuhov and Maleki, 2006).

Many of the giant fields discovered in the Zagros zone have multilayered structure. Moreover, the majority
of the producing horizons are related to different levels in the Asmari Formation (Oligocene–Miocene) and
Bangestan Group (Upper Cretaceous), where the rocks are intensely fractured. The majority of large oil pools
were discovered in the Desful Embayment that occurs northwest of the meridional swell and represents a
foredeep, which developed in the Neogene in front of the growing High Zagros orogenic system. High rates
of subsidence and accumulation of Neogene sediments in this area prevented the washout of the Gachsaran
evaporites and, in turn, favored the preservation of hydrocarbon pools in the Asmari limestones (Konyuhov
and Maleki, 2006).

Kazhdumi Formation as Source Rock:
The deep marine units of the Kazhdumi Formation in the northern part of Dezful Embayment (e.g., source

rock of the Bangestan reservoir in the Ahwaz oilfield) and south of Iran is considered as a main source rock,
whereas uplift and subsequent erosion of the Arabian Shield (SW of the Iran) in Late Aptian led to
sedimentation of clastics in Albian (Nahr-Umr Formation in SE Iraq, Burgan Formation in Kuwait, Safania
Formation in Saudi Arabia, and Burgan member of Kazhdumi Formation in SW Iran). Therefore, the Kazhdumi
Formation in part south of the study area does not show sufficient properties as source rock (Abdollahie Fard,
2006).

The Kazhdumi Formation is considered the principal oil-generating sequence, i.e. the richest hydrocarbon
source in the region. This is testified (in north of Persian Gulf) by the SPI index exceeding 25 t/m2

(Bordenave, 2002). The organic matter of this sequence is enriched in sulfur (5–7%). Together with bitumens,
a part of this sulfur was delivered to pools of the main productive field and oils of this field are enriched in
sulfur.

Rocks of the Kazhdumi Formation are considered the most important ones in terms of oil production. They
lie at a depth of 3000–5000 m in the Main Oil Field situated in the central part of the Mesopotamian Basin
and include several giant oil fields. The Kazhdumi sequence is composed of alternating dark gray marls and
clayey limestones. Planktonic globigerinas and radiolarians in this sequence are of the Albian–Cenomanian age.
In the southwestern areas of Iran, the Kazhdumi sequence consists of black bituminous clays with minor
interlayers of dark clayey limestones. Glauconite is common in the lower part of the sequence. The thickness
of the Kazhdumi marls varies from 210 to 300 m. These rocks accumulated in a relatively deep shelf
depression located between the Bala-Rud carbonate platform and the Fars submerged bock. In the Darius area
of the Persian Gulf, the Kazhdumi sequence is composed of alternation of clays with marls and limestones
deposited in the neritic environment (Bordenave and Burwood, 1995).

However, clays and marls of the Kazhdumi Formation were the principal source of liquid hydrocarbons
and the formation of the majority of oil (partially, gas) pools in the Iranian part of the Mesopotamian Basin
are attributed to these sediments (Bordenave and Burwood, 1995).

MATERILAS AND METHODS

The study contains an investigation on oil composition using SARA method, an geochemical analysis to
show the probability of oil-mixing at this oilfield and a measuring on flocculation onset for oil samples. The
crude oil samples collected from well-heads number 203, 220, 222, 265, 292, 296, 360 and 366 at Bangestan
reservoir (Ahwaz Oilfield, Iran). Figure 1-b shows the location of wells at this oilfield. Geochemical study was
done by Pyro-Gc (made by Vinci) with FID detector, capillary column of 30 meter and Helium as carrier gas.
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n-Heptane was used as precipitant solvent and as a solvent, a ‘chemically pure’ grade Toluene and Xylene
was used. Microscopic study was done with Motic BA300POL.To stir the samples in each experiment a
magnetic mixture (Heidolph Type: MRJ000), and for weighting an accurate balance (A&D Type: GR200) were
used. All studies performed at room temperature (22–25 0C) and at ambient pressure.

Sara Test: 
The SARA method is often used to conveniently separate the crude oil into four major fractions: Saturates

(including waxes), Aromatics, Resins and Asphaltenes, based on their solubility and polarity. It involves a time-
consuming chromatographic separation of de-asphalted oil. Asphaltenes are removed by precipitation in a
paraffinic solvent, and the deasphalted oil is separated into saturates, aromatics and resins by chromatographic
fractionation (Fan and Buckley, 2002; Vasquez and Mansoori, 2000; Speight, 1990; Speight, 1991; Miller,
1982; Aske and et al., 2001). Figure 2 shows a schematic illustration of this method.

Measuring the Flocculation Onset:
Many different methods are used to pinpoint the onset of asphaltene instability. The simplest is the spot

test introduced by Oliensis (1933). Today many methods are used to detect the onset of asphaltene instability.
These include light scattering, particle size measurements, microscopic observation, and others. Methods vary
in sensitivity. Some are more readily automated than others. On balance, microscopic observation, either alone
or in combination with other techniques, provides the most direct information about the appearance of
suspended particles including asphaltenes. Microscopic observations are commonly used to establish the
appearance or disappearance temperatures of waxes in crude oil, but are less often used as tools to diagnose
other crude oil problems. We have long advocated microscopic observation for identifying the onset of
asphaltene flocculation (Buckley, 1996).

Experimental:  
At first SARA test accurately determines Saturates, Aromatics, Resins and Asphaltene contents of oil

samples (Table 1).
Next step of study was done on six selected samples from east and west part of oilfield. After addition

of n-Heptane as precipitant agent and filtration of oil samples through filtrate papers (with the size of 0.45
µm), asphaltene particles were separated from samples. By weighting the oil samples and separated asphaltene
particles, asphaltene content of these samples were determined (Table 2). Comparing to the SARA result, it
can be seen that filtration is not an accurate method for measuring asphaltene content.

Using Pyro-GC, geochemical analysis was done on separated asphaltene particles. Initial and final degree
set to 35-600 0C with increasing temperature-gradient of 150 0C/min. Figure 3 and Figure 4 show the output
of Pyro-GC for these samples.

Last part of study was determination of flocculation onset for samples 203, 220, 222 (from east part) and
360, 366 (from west part of oilfield). Because the goal is to compare the flocculation onset and not to
accurately measure it, microscopic approach has been selected for this part of study. The procedure is to
accurately titrate and stir n-Heptane as precipitation agent and study a small about of titrated sample under the
microscope. To let the samples reach to thermodynamic stability, the measurements began within 24 hr after
titration. More than 12 titrated samples prepared for each oil sample to find onset point.

Table 3 shows titration information only for samples after onset point. A digital camera on top of the
microscope took images from samples. Figure 5 shows images of samples after flocculation onset. The first
column at Figure 5 is flocculation onset for each sample.

Toluene and Xylene added to the virgin oil samples to delay the flocculation onset. Same to last step after
titration of solvents in samples, n-Heptane titrated and again microscopic study has been done on samples.
Table 4 compares the flocculation onset for oil samples before and after solvent titration.

Conclusion:
On the basis of the measurements carried out in this study, west part of Ahwaz oilfield has lower

asphaltene content than east part of oilfield, despite to the fact that it has more asphaltene deposition problems.
From geochemical study and the interpretation of Pyro-GC analysis out-put (Figure 3 and Figure 4) it can

be seen that at eastern samples (203, 220, 222) the asphaltene particles originated from one source, but at
western samples (265, 360, 366) an unnatural peak that is occurred between 30-40 minutes, shows that oil of
Bangestan reservoir at west part of Ahwaz oilfield sourced from various source rocks and this oil-mixing is
one cause of asphaltene deposition in this part of oilfield.
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(b)
Fig. 1: Location of Ahwaz field on SW of Iran and its wells location. (a) Locations of oil fileds on SW of

Iran and NW of Persian Gulf. Red area indicates Ahwaz oil filed on SW of Iran (Saadati Nejad and
et al., 2009). (b) Wells Location of Ahwaz Oilfield.

Fig. 2: Schematic illustration of SARA test (Auflem, 2002).



Aust. J. Basic & Appl. Sci., 5(6): 1315-1323, 2011

1319

1250

1000

760

500

250

0

10                              20                              30                              40    
Mlnutos<x  <   >   x>

m
V

1200

1000

750

500

250

0

10                                  20                                  30                                  40<x  <   >    x>

m
V

Mlnutos

Mlnutos

m
V

1200

1000

750

500

250

0

<x  <   >    x> 10                                  20                                 30                                 40

Fig. 3: Output results of Pyro-GC analysis for Ahwaz asphaltene particles at eastern samples (wells No. 203,
220 and 222).
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Fig. 4: Output results of Pyro-GC analysis for Ahwaz asphaltene particles at western samples (wells No. 265,
360 & 366), between 30-40 min oil-Mixing effect occurs.
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Fig. 5: Microscopic images from titrated oil samples (First column shows flocculation onset).

Table 1: Saturates, Aromatics, Resins and Asphaltenes (SARA) composition of Ahwaz crude oils.
Sample no. Saturates Aromatics Resins Asphaltenes
203 30.10% 35.30% 16.40% 18.20%
220 32.60% 35.60% 17.00% 14.80%
222 32.60% 35.60% 16.90% 14.90%
265 36.80% 35.10% 14.60% 13.50%
292 51.80% 33.80% 13.10% 1.30%
296 34.90% 34.50% 15.30% 15.20%
360 33.60% 38.30% 181.50% 9.70%
366 44.40% 33.70% 18.70% 3.30%

Table 2: Asphaltene content of oil samples (By weighting separated asphaltene particles).
Sample No. 203 220 222 265 360 366
Asphaltene content %16.2 %18.4 %18.2 %13 %8.9 %6.7

Table 3: Titration of n-Heptane at oil samples.
Sample No. Oil (gr) Heptane (gr) Heptane (wt%)
203-I 0.4877 0.1373 %22
203-II 0.4751 0.1511 %24.1
203-III 0.4687 0.1813 %27.9
220-I 0.5201 0.1174 %18.4
220-II 0.6595 0.186 %22
220-III 0.5758 0.1777 %23.6
222-I 0.3700 0.0833 %18.4
222-II 0.3844 0.1031 %21.1
222-III 0.3125 0.0941 %23.1
360-I 0.4986 0.2668 %34.9
360-II 0.5207 0.3415 %39.6
360-III 0.5065 0.4143 %45
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Table 4: Onset of asphaltene flocculation before and after inhibitor addition.
Sample No. Onset Point Solvent (wt %) Onset after Toluene addition Onset after Xylene addition
203 22% 10% 25% 28%
220 18.40% 10% 26% 28%
222 18.40% 10% 23% 27%
360 34.90% 10% 45% 40%
366 50.90% 10% 57% 54%

After testing some chemical inhibitors it has been shown that Toluene has better efficiency on onset
delaying for western samples, while Xylene is better for eastern ones.
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