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Abstract—Dezful embayment in the south west of Iran is part of 
Zagros fold zone which despite the small area includes almost all 
of Iran oil production. Sarvak Formation with middle cretaceous 
(Albin-Turunin) is the second biggest reservoir of Zagros basin, 
after the Asmari formation. In this study, with well logging data 
of two wells, by Geolog software, the petrophysical parameters of 
Sarvak Formation in the Dezful embayment was studied using 
the contingent Probabilistic method. Petrophysical parameters 
such as determination of porosity, water saturation, shale volume 
and lithology were calculated using this data and common cross 
plots. Based on this evaluation and utilizing cross plots result, the 
lithology of Sarvak formation in this zone was determined to be 
Limestone with traces of dolomite and shale. According to the 
calculated petrophysical properties of the reservoir, and for more 
accurate assessment, Sarvak Formation was divided to 6 sections. 
Findings of this research show that Sarvak Formation includes 
good reservoir parameters only in half its sections (sections 4, 2 
and 6). 
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I. INTRODUCTION  

The Bangestan Group of Albian -Campanian age contains 
some of the most prolific reservoirs of the Arabian Plate and 
Zagros Basin hydrocarbon provinces, predominantly within 
neritic carbonates of the Sarvak Formation and equivalent units 
(e.g., the Mishrif Formation in Iraq). Dezful embayment 
(southwest of Iran) is one most important hydrocarbon states in 
world which located in northeast of Arabian plate margin [1]. 
Petrophysical evaluation is the science of insight and 
interpretation of obtained information from well logging for 
examination of the reservoir quality of different parts of 
formation and for determining the best zones for optimized 
exploitation of reservoirs and development of oil fields [2]. 
Recognition of lithology, calculating the shale volume, porosity 
and water saturation are the most important parameters in 
petrophysical evaluation necessary to determine a reservoir’s 
quality [3]. The aim of this study is to specify the reservoir’s 

parameters and evaluate the quality of Sarvak Formation in the 
Dezful embayment. In this study well logging data from two 
wells (A and B) in Sarvak Formation and Geolog software 
have been used to determine petrophysical parameters. Similar 
studies have been performed in different regions [4-7]. Also, in 
[8], this approach has been combined with other techniques to 
study the Mishrif Formation in Iraq, which is equivalent to the 
Sarvak Formation. 

II. GEOLOGICAL SETTING 

More than 65%of confirmed petroleum resources in the 
world and 34% of gas fields in the world are located in giant 
hydrocarbonic fields in the Middle East [9]. The Zagros fold 
and thrust belt is one of the most important active tectonics 
belts in the Middle East, that is in south-west of Iran between 
the Arabian Plate and the center of Iran [10]. The belt is 
extended along the north-northwest boundary of Arabian Plate, 
i.e. from the southeast of Turkey, Syria and Iraq to the Minab’s 
fault in the south of Iran [11]. This area includes enormous 
hydrocarbonic fields and consequently it is distinguished as one 
of the richest oil belts in the world [12]. Dezfol embayment in 
Zagros is surrounded by three important structural features 
which are: the Flexural Balarood zone in the northwest, the 
mountain bend front in the northeast and a complicated fault 
zone named Qatar-Kazerun in the east and southeast (Figure 1). 
Zagros Mountains width consists of major anticlines, elevated 
and folded, which contain several reservoir inside [13]. More 
than 45 perineum fields have been discovered inside the Dezfol 
embayment [14]. The Dezful embayment zone despite the 
small area (about 40000 km2), includes almost all of Iran’s oil 
production [14]. Oil reservoirs in this zone include the Khami 
group (Fahlian and Daraian Formations) and the Bangestan 
group (Ilam and Sarvak Formations) and the Asmari reservoir. 
Thick sedimentary successions of Cretaceous age in the 
Arabian Plate and Zagros Basin contain numerous 
economically important hydrocarbon accumulations [15-20]. 
The development of an epeiric platform occurred during the 
Early Cretaceous throughout the Middle East [21, 22]. The 
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stratigraphic record of the Late Albian, Cenomanian and 
Turonian (89-98.9 Ma) in the Arabian Plate and Zagros Basin 
includes the Mishrif, Ahmadi and Rumaila Formations in Saudi 
Arabia, the Natih Formation in Oman [23, 24], the Derdere 
Formation in south-east Turkey, the Mishrif Formation in Iraq 
and the Sarvak Formation (Figure 2). The Sarvak Formation 
middle cretaceous (Albin-Turunin) is in the Bangestan group. 
The upper boundary of the Sarvak Formation is discontinuous 
with part of Ilam Formation deposited on it whereas the lower 
boundary is transitional boundary with the Kazhdumi 
Formation (Figure 2A). Lithology of these formations are 
mainly limestone and dolomite in some parts. Sarvak 
Formation includes two facies, shallow and deep. The lower 
part of Sarvak Formation includes clay limestone and pelagic 
and the reservoir quality is lower than in the upper part of 
formation. The upper part of Sarvak formation shows higher 
reservoir quality which can be attributed to effect of 
discontinuity between the two parts [25-28]. This formation is 
widely present in the Dezful embayment and the Persian Gulf 
[29]. Many studies have focused on the Sarvak Formation 
which, in a qualitative sense, has become known as the second 
biggest reservoir of Iran [18, 25-27, 30-31].  

III. DATA AND METHODOLOGY 

In this study, well logging data from two well were used. 
Raw and environmental data were provided. These data were 
digitized by Surfer 9 software and conversed with a proper 
format (LAS) for Geololg software. Depth matching was 
performed before quantity processing. Notron and Density logs 
were used as the basis for matching logs. Next, environment 
correction is performed by Schlumberger standard charts on the 
whole logs. In the next stage the Multimin method was used in 
Geolog for calculations. Finally, data is surveyed and 
evaluated, the necessary parameters are calculated and 
petrophical crossplots are acquired. 

 

 
Fig. 1.  Dezful Embayment location in the Zagros fold belt 

 

 
Fig. 2.  A: Sratigraphy of Cretaceous in the Zagros region (SW Iran), 

Kuwait and Saudi Arabia. B: Stratigraphic location of Sarvak Formation in 
Dezful Embayment 

To better assess reservoir distances according to the shale 
volume, the Sarvak Formation was divided to separate sections. 
Conventional petrophysical cross plots were used to determine 
the lithology. Water saturation was calculated using the Archie 
method and porosity by neutron graph, sonic and density. Also 
Neutron-Gama and water saturation-effective porosity cross 
plots were used to separate quality reservoir samples from poor 
quality samples. The studied logs in this survey include Notron 
(NPHI), Density (RHOB), Sonic (DT), Gama Ray (CGR, 
SGR), Resistivity (LLD, LLS, LL3, MLL), Caliper (CAL) and 
PEF logs. 

IV. RESULTS AND DISCUSSION 

Petrophysical evaluation of a formation by well login can 
have an important role in quantitative and qualitative 
assessment of that formation. In the petrophysical evaluation of 
the Sarvak Formation using two wells (A and B), the following 
cases were studied: 

A. Lithological interpretation with cross-plots 
Identify the lithology is an important step on evaluation of 

reservoir properties and helps to separate reservoir zones from 
non-reservoir zones. In this study, formation lithology was 
identified using two methods. 

B. Neutron-Density Cross Plot 
In this cross plot three graph of limestone lithology, sand 

and dolomite are plotted (Figure 3). For identifying lithology 
just a plot of density against neutron is needed. The location of 
plotted points considering point distances from matrix lines 
shows the lithology percent [32]. This method shows the best 
porosity recognition among cross plots. As showed in Figure 3 
major lithology of well A is limestone and little dolomite. 
Well B has the same lithology but with a different ratio  
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C. Neutron-Sonic Cross Plot  
In this cross plot, it is sufficient to plot DT (sonic) against neutron. 

Location of plotted point considering to distances of point from 
matrix lines shows the percent of lithology. Due to matrix effects on 
porosity, the individuation of curves is impressive [32]. Obtained 
results from this cross plot approximately confirm the lithology and 
porosity obtained from the Neutron-Density cross plot (Figure 4). 

D. Effective Porosity-Gama Cross Plot (NPHI-CGR) 

With this cross plot, reservoir intervals can be separated 
from shale intervals, at intervals of shale CGR and NPHI 
response to shale presence and as a result, plotted points 
appear as a linear graph, considering to this point which CGR 
only response to the shale and NPHI addition of response to 
shale presence, also response to saturated fluid. If clay 
percentage is low, plotted point are set out of the process of 
the linear graph [33]. The plotted points in the Sarvak 
Formation, in both A and B wells, show increased NPHI that 
is not matched with increased CGR and in fact the CGR is 
approximately linear which shows the low amount of shale 
and NPHI increase of porosity in this formation (Figure 5). 

E. Water saturation-Effective porosity Cross Plot  

In this cross plot, water saturation plotted against effective 
porosity is performed. These two parameters are inversely with 
each other. So, a section with low saturation shows good 
reservoir quality. By using this cross plot, it was determined 
that when saturation decreases, the effective porosity increases 
and reservoir quality rises (Figure 6). 

F. Calculating shale volume 

One of the most important considerations in the evaluation 
of formation is the identification of shale percentage, as it is 
rather important to the correct calculate formation porosity and 
fluid saturation. Several log are used, including gama, neutron 
and resistance, separately or combined [34]. The CGR log was 
used in this study. If the amount of shale is less than 10% then 
we have a “clear stone” whereas between 33-10 we have a 
“shaley” and over 33% a “shale” [34]. Average calculated shale 
volume of this formation in wells A and B respectively is 2.9 
and 7.04. Thus, the Sarvak Formation is clean limestone 
without clay and shows increased shale volume in well B. 

G. Calculating porosity 

Stored, porosity is also an important parameter in 
petrophysical evaluation. Porosity is calculable with neutron, 
sonic and density graphs. In well A, most porosity is related to 
section 6 whereas in well B most porosity is related to section 
2. 

H. Calculating water saturation 

Fluid saturation is the ratio of fluid volume in rocks (into 
volume empty spaces). This parameter اhas no dimension and is 
expressed as a percentage. To calculate the water saturation in 
zone that is not impregnated to reservoir (to drilling mud), is 
performed with the Archie formula [35]: 

Sw = (a/phi^m*Rw/Rt)^1/n     (1) 

 
Fig. 3.  Neutron-Density Cross Plot For wells A and B 

 

 
Fig. 4.  Neutron-Sonic Cross Plot for wells A and B 

 

 
Fig. 5.  Effective Porosity-Gama Cross Plot for wells A and B 

 

 
Fig. 6.  Water saturation-Effective porosity Cross Plot for wells A and B 

where Sw is the water saturation, a is the tortuosity coefficient, 
phi is the porosity, m is the cementation ability, Rw is the 
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resistance of water formation in formation temperature, Rt is 
the true formation resistance and n is the saturation power that 
changes from 1.8 to 2.5, with 2 usually considered. In Table I 
the average saturation of each zone is showed. The largest 
saturation for the Sarvak Formation is found in section 1 of 
Well A (84.5%) and in section 1 of well B (77.5%). 

TABLE I.  RESULTS OF PETROPHYSICAL EVALUATION IN WELLS A AND B 

VSH SW PHIE NET INTERVAL WELL 
API % % METERS METERS  
2.28 84.5 1.2 50 1A A 
2.21 55.4 3.2 210 2A A 
6.26 67 3.8 120 3A A 
2.12 28.3 9.2 132 4A A 
2.49 53 5.2 48 5A A 
2.41 52.6 9.4 150 6A A 
13.91 77.5 3.2 45 1B B 
4.96 58.5 5.5 210 2B B 
7.76 62.8 1.3 110 3B B 
4.15 19.5 13.8 130 4B B 
6.52 76 1.6 60 5B B 
4.98 25.7 12.2 105 6B B 

V. CONCLUSION 

The key conclusions of this work are as follows: 

 Petrophysical evaluation of well A: the Sarvak Formation in 
this well composes from mainly limestone and little dolomite 
and shale. Mentioned formation in this well has 710 meters 
thickness and is divided into 6 sections. The average 
formation effective porosity in this well is 4.6%, the average 
shale volume 2.96 and the average water saturation is 56.8%. 
Section 4 shows the best petrophysical parameters and it is 
the best section of this formation in terms of reservoir 
quality, followed by sections 6 and 2 respectively. Section 1 
has the weakest petrophysical parameters and is the weakest, 
in terms of reservoir quality, section of this formation. 

  Petrophysical parameters of well B: the Sarvak Formation in 
this well composes mainly from limestone and little shale 
and dolomite. The thickness is 660 meters and is divided to 6 
section. The average porosity is 6.2%, the average shale 
volume is 7.04 and the average water saturation is 53.2%. 
Section 4 shows the best petrophysical parameters and 
reservoir quality and section 5 and 1 shows the weakest 
petrophysical parameters and thus a very low reservoir 
quality.  

 The comparison of wells A and B shows that the major 
lithology in both wells is limestone and traces of shale and 
dolomite. Low shale volume is shown to be an important 
controlling factor regarding reservoir quality.  
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