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Fig. 1. Sedimentary-structural zones of the Zagros Mountains (adopted from Macquarie (2004)). The location of the 

Chamshekhosh Field, the studied area, is marked with a red rectangular box in the figure. 
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Fig. 2. Photomicrographs of sedimentary facies of the Asmari Formation in the Cheshmekhosh Field. MF1- Evaporite 
facies MF2- Stromatolite (dolo) boundstone facies MF3- Bioclast wackestone facies MF4- Small hyaline benthic 

foraminifera (SBF) mud-wackestone MF5- Ostracoda, oyster, floatstone-rudstone facies MF6- Ooid (dolo) grainstone 
facies MF7- packstone facies with porcelaneous foraminifera and red algae MF8 - Coralline red algae bindstone facies 

MF9 - floatstone-bindstone facies with large benthic foraminifera MF10- wackestone facies with planktonic 
foraminifera PF1- Siliciclastic sand/quartzarenite facies. All photomicrographs, except for PF-1, were acquired using 

plain polarized light microscopy. Facies details are summarized in Table 1. 
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Table 1. Characteristics of the sedimentary facies of the Asmari Formation in the Cheshmekhosh field 
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Fig. 3. Major diagenetic processes affecting the Asmari Formation in the Cheshmekhosh field. a: In ooid and bioclastic packstones, 

micritization has resulted in the coating of grains with micrite, enhancing their resistance to dissolution. In some cases, this process 

has led to the complete obliteration of primary skeletal grains. b: Micritization has resulted in the formation of peloids from original 

ooids. c: Bioclasts have been partly dissolved, leaving behind biomolds. These pores have later been filled with dolomitic cement. d: 

Subsequent dolomitization in mudstone facies has resulted in a subhedral, mud-supported fabric. e: This figure illustrates the co-

occurrence of evaporite mineralization (nodule) and dolomitization. Increasing salinity in evaporative environments promotes the 

precipitation of evaporites such as anhydrite, while also facilitating the dolomitization of pre-existing carbonate sediments. f: The 

original mineralogy of ooids and matrix exerted a significant control on their differential dissolution and subsequent dolomitization. 

The less stable aragonite within ooids preferentially dissolved, and only surrounding micrite preserved which was subsequently 

replaced by dolomite. g: The dissolution of fossil bioclasts has resulted in the formation of moldic porosity, which has been subsequently 

filled by early diagenetic cements. h: Bioclastic wackestone and packstone facies that exhibit moldic porosity resulting from the 

dissolution of bioclasts. These molds, along with interparticle pore spaces, have been partially filled by early dolomite cement. i: The 

predominantly ooid grains in this figure exhibit dissolution but showing evidence that in marine environment were rimmed by fibrous 

cement (now red calcific cement). This calcite cement is a replacement of aragonite, and the ooids subsequently been overprinted by 

colorless dolomite crystals. j: Calcite cement has filled the intergranular pores in the bioclastic limestone. k: Precipitation of anhydrite 

cement within channel porosity. l: Ooids have been either fractured or developed fitted fabrics due to compaction. In left, faractures 

are developed in the rock (notice the ooid grain with moldic porosity).  
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Table 2. Statistical properties of well logging data used for the clustering of the Asmari reservoir in the Cheshmekhosh 
field 

i.���"� ��. �� (/ '�,�� ,�2'�,  +,-.�,/ Z�% I�. 

1680.30 42.05 0.88 99.95 40.25 GR 
0.01 0.12 -0.08 0.3912 0.14 NPHI 

2669.48 2.68 1.41 3.06 0.85 RHOB 
143.06 56.23 47.72 103.69 67.22 DT 
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Fig. 4. Demonstration of the clusters specified by K-means and single-linkage hierarchical clustering of the Asmari 

Formation of Cheshmekhosh field. 
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Fig. 5. K-means and single-linkage hierarchical clustering results for the Asmari reservoir in Cheshmekhosh field’s 

Wells 8, 10, and 12. 
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Fig. 6. Evaluation of K-means and single-linkage hierarchical clustering methods using the PCA-based criterion to 

determine the optimal number of clusters. 
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Fig. 7. Reservoir zonation map of the Asmari reservoir in the Cheshmekhosh field based on electrofacies clustering 
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Fig. 8. Log-based correlation of the reservoir zonation of the Asmari Formation in the Cheshmekhosh field 
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Fig. 9. Reservoir quality interpretation of electrofacies identified by using K-means clustering  
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Fig. 10. Reservoir quality interpretation of electrofacies identified by using single-linkage hierarchical clustering 
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Fig. 11. Comparison of results from two separate reservoir zonation of the the Asmari in the Cheshmekhosh field 
including the electrofacies-based zonation (current study) and petrophysical zonation (Daraei et al., 2017). Reservoir 

zones identified by Daraei et al. (2017) are labelled as Pz1 to Pz5. 
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Table 3. Validation of K-means and single-linkage hierarchical clustering methods using core porosity and permeability 
data. 
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Fig. 12. Frequency diagram of electrofacies using K-means and single-linkage hierarchical clustering. 
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Abstract 
This research aims to accurately identify and describe the reservoir units of the Asmari Formation in the 
Cheshmehkhosh field using two unsupervised clustering methods: single-linkage hierarchical clustering 
and k-means clustering, applied to petrophysical log data alongside petrographic and sedimentological 
data. The Asmari Formation is the most important hydrocarbon reservoir in Iran, containing over 90% 
of the country's recoverable oil reserves. This formation was deposited in a shallow marine environment 
during the Oligocene-Miocene period. The results of this study indicate that the Asmari Formation in 
the Cheshmehkhosh field can be divided into three distinct lithologies: carbonate, siliciclastic, and 
evaporite. The carbonate lithology, which is the most prevalent in this field, is represented by 10 
different dolomitic and limestone microfacies. Using the clustering methods, 12 reservoir units were 
identified in this formation, among which zones EZ10, EZ12, EZ11, EZ9, and EZ8, in descending order, 
have the best reservoir quality and are the speed zones. The results show that units with sandstone 
siliciclastic facies, dolomitic facies, and high intergranular or vuggy porosity have the best production 
potential. Sedimentological factors such as the abundance of high-quality sedimentary facies including 
PF-1, MF-6, MF-2, MF-7, and MF-9, and quality-enhancing diagenetic processes like dolomitization 
and dissolution, play significant roles in determining the reservoir quality of the identified units. The 
results of the clustering have greater accuracy compared to previous petrophysical zonations in this field. 
 

Keywords: Flow unit, Reservoir characterization, Lorenz Plot, Single-linkage hierarchical clustering, 
Well log, Facies, Asmari 
 
 

Introduction 
The primary objective of reservoir 
characterization is to provide a 
comprehensive understanding of reservoir 
properties. To achieve this, reservoirs are 
divided into units based on direct or indirect 
data, each possessing distinct petrophysical 
characteristics and are known as "reservoir 
zones." Given the costs and limitations 
associated with direct data, such as core 
analysis, researchers are exploring methods 
that rely on indirect data, particularly 
geophysical well logs. A significant 
challenge in the oil industry lies in accurately 
identifying high-quality reservoir zones, as 
direct data are expensive and indirect 

methods often have localized applications. 
High-quality reservoir zones, or "speed 
zones," play a crucial role in optimizing 
reservoir exploitation. 
The Asmari Formation, a prominent 
hydrocarbon reservoir in Iran, accounts for 
more than 90% of the country's oil reserves 
and plays a vital role in its oil and gas 
economy. Despite extensive research, 
accurately characterizing the formation's 
heterogeneities remains a challenge. This 
study aims to precisely zone the Asmari 
Formation in the Cheshmehkhosh field. To 
accomplish this, single-linkage hierarchical 
clustering techniques and K-means have 
been applied to well log data, in conjunction 
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with petrographic and sedimentological 
analyses. The goal is to compare the results 
of these methods with previous documented 
reservoir zonations of the studied field and to 
evaluate the influence of sedimentological 
factors on reservoir quality. Zagros, the 
nursery of the Asmari reservoirs, is one of the 
most important oil-rich areas in the world, 
containing about 8% of the world's 
hydrocarbon reserves. The tectonic activities 
of the Zagros faults have led to the creation 
of different areas with tectonostratigraphic 
features, and the Dezful Embayment has 
formed in this area. The Asmari Formation, 
as the last marine sedimentary system of 
Zagros, is located between the Pabdeh and 
Gachsaran Formations, with its Ahvaz 
Sandstone Member spreading in the central 
Zagros and Kalhor Evaporite Member in the 
northern part of Zagros. 
The Cheshmekhosh Oil Field: 
The Cheshmekhosh oil field, as the study 
field, is situated in southwestern Iran (Ilam 
Province) within the folded Zagros and 
Dezful embayment tectonic zone, and is a 
significant oil field in Iran. The structure of 
this field is folded in the form of an anticline, 
which is affected by the faults of the region, 
such as the Mountain Front Fault, Balaroud 
and Kazeroon faults. The Cheshmekhosh 
fault, located on the southwestern side of the 
field, has impacted the distribution of oil 
reservoirs within the field. Production from 
this field commenced in 1975, averaging 
18,000 barrels of oil per day. 
 
Materials & Methods 

This study is based on geological and 
petrophysical data from six wells in the 
Cheshmehkhosh oil field, located in the 
Dezful Embayment. Detailed information 
was collected and analyzed from 1077 thin 
sections and petrophysical data from three 
wells, as well as geophysical well logs from 
these, and three other wells (collectively six 
wells). In this research, a combination of 
unsupervised clustering techniques, 
including single-linkage hierarchical 
clustering and k-means, along with 
petrographic and sedimentological analyses, 
were employed to identify and differentiate 
reservoir units. These techniques were 
applied to a multi-parameter dataset 

including gamma ray, density, neutron, and 
sonic logs. The resulting outputs were 
integrated with petrographic and 
sedimentological data to develop a precise 
reservoir model. 
 
Discussion and Results 

The Asmari Formation in the Cheshmekhosh 
field is divided into three main lithologies: 
carbonate, siliciclastic and evaporite. The 
carbonate part includes ten different 
dolomite and limestone microfacies. Based 
on petrographic studies, benthic foraminifers 
with porcelaneous walls, remains of 
cyanobacteria, red coral algae, ooids, ploidy, 
echinoderms and benthic foraminifers with 
hyaline shells are the main allochems 
forming Asmari carbonates in the 
Cheshmekhosh field. Medium-grained 
quartz with good sorting and roundness is 
also the main constituent of the siliciclastic 
part of this field. In terms of abundance, 
MF9, MF7, and MF6 facies are respectively 
the most abundant in the Asmari of the 
Cheshmekhosh field, and the largest volume 
of the Asmari Formation sediments in this 
field belongs to the inner ramp facies and 
then the middle ramp. Diagenesis processes 
including micritization, dolomitization and 
dissolution have been effective in the 
changes of carbonate rocks and the 
improvement of porosity.  
Both K-means and the single-link hierarchy 
algorithm (linkage) led to the clustering of 
selected well log data into six clusters. These 
clusters were displayed graphically for three 
wells and the validity of clustering was 
evaluated with the Calinski-Harabasz index. 
The clustering analysis divided the Asmari 
reservoir in the Cheshmekhosh field into 12 
separate reservoir units, each with unique 
petrophysical and sedimentological 
characteristics. These reservoir units show 
strong correlation either with specific types 
of carbonate, siliciclastic and evaporite 
facies or with specific diagenetic processes. 
By carefully analyzing the relationship 
between petrophysical properties and 
sedimentary units, it became possible to 
evaluate the reservoir quality in each unit. 
In the study by Daraei et al. (2017), five 
reservoir zones in the Cheshmeh-Khosh field 
were identified using petrophysical methods 
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such as Flow Zone Indicator (FZI) and the 
Modified Lorenz Plot (SMLP). In the current 
study, with more detailed data analysis and 
clustering methods of well log data, the 
number of reservoir zones increased to 
twelve. This difference is due to the limited 
information in the first method. In the 
petrophysical method, zones Ez1 to Ez4 
were considered a single zone (Pz1), while in 
the clustering method, this zone was divided 
into four zones. Additionally, zone Ez5 in 
well 8 was identified as part of zone Pz1. In 
well 11, due to insufficient data, information 
on zones Ez8 to Ez12 was not available using 
petrophysical approaches. The conclusion is 
that reservoir zoning based on well log data, 
when using an appropriate zoning method, 
has higher quality, accuracy, and resolution. 
The results of this study show that 
sedimentological factors such as the 
abundance of specific microfacies and/or 
dominance of specific diagenetic processes 
play an important role in determining the 
quality of Asmari reservoir in the 
Cheshmekhosh field. The results of the 
hierarchical analysis of the reservoir quality 
with the single-linkage hierarchical 
clustering, as well as the statistical analysis 

of the porosity and permeability data of the 
cores of these clusters show that linkage 
clusters 1 and 6 have more porosity and 
permeability and will have the best quality. 
Also, similar analyses for K-means clusters, 
show that k-means clusters 2 and 3 are the 
most suitable clusters and have higher 
quality. Reservoir units Ez10, Ez7, and Ez6, 
which are mainly composed of siliciclastic 
(PF-1) or dolomitic facies with high 
intercrystalline and intergranular porosity 
(such as MF-7, MF-9, and MF-6), show the 
best reservoir potential on the field scale.  
 
Conclusions  
This research showed that unsupervised 
clustering techniques are an effective tool for 
delineating Asmari reservoir units in the 
Cheshmekhosh field. The obtained results 
provide a more accurate understanding of the 
reservoir heterogeneity and enable the 
optimization of production strategies. It is 
suggested that future studies focus on 
investigating the influence of structural 
factors and sequence stratigraphy on 
reservoir properties and integrating these 
results with dynamic data to develop more 
accurate reservoir models. 
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