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ABSTRACT ARTICLE INFO 

The Upper Jurassic Surmeh Formation in the study areas of the southern 

Dezful Embayment and the Izeh Zone (Zagros sedimentary basin, 

southwestern Iran) was investigated in three sections: Fahliyan, Khami, 

and Mongasht. This research interprets data obtained from petroleum fluid 

inclusions present in double-polished thin sections prepared from the 

samples. The data include temperature, salinity, and fluorescence 
reflectance color. Using this information, the characteristics of these 

sections were evaluated. The burial depth of the host rock of the fluid 

inclusions was estimated using the trapping temperature and pressure of 

the fluid inclusions at the time of their formation in these areas. The 

predicted depths are 2040 meters for the Fahliyan Anticline section, 2140 

meters for the Khami Anticline section, and 600 meters for the Mongasht 

Anticline section in Tang-e Kord. The Fahliyan section, with a GOI value 

of 12.96%, is introduced as a reservoir rock with weak oil saturation. The 

Khami section, with a GOI value of 29.4%, represents a reservoir rock 

with moderate oil saturation. The Mongasht Anticline section, with an 

average GOI value of 53.5%, is introduced as a reservoir rock with good 

oil saturation. The API gravity values derived from the fluorescence 

reflectance spectra of the petroleum fluid inclusions for the studied 

sections are as follows: the petroleum fluid inclusions in the Fahliyan 

Anticline section contain trapped ultra-light oil; those in the Khami 

Anticline section indicate light oil at the time of trapping; and the oil in 

the fluid inclusions from the Mongasht Anticline section is classified as 

medium oil. In general, using the above information, it can be inferred for 

the studied areas that oil density increases from the Fahliyan Anticline 

towards the Mongasht Anticline. This likely indicates that the degree of 

oil maturity increases from the Fahliyan Anticline towards the Mongasht 

Anticline due to the decrease in the depth of fluid inclusion formation. 
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Extended Abstract 

Introduction 

Petroleum-bearing fluid inclusions are 

minute droplets that are typically trapped 

within minerals and diagenetic cements 
during precipitation or along migration 

pathways, and are thereby protected from 

subsequent alterations such as 

biodegradation or water washing. These 

inclusions generally range in size from 1 to 

50 microns and, because they are enclosed 
within a closed system, provide pristine 

information about the original composition 

of the petroleum at the time of entrapment. 
Determining the timing and events of oil 

charging is among the most important 

objectives in reservoir exploration and 

production, and in this regard, the study of 

fluid inclusions has been recognized as an 

efficient and cost-effective method. Using 

microthermometry and microbarometry of 
these inclusions, it is possible to reconstruct 

the temperature, pressure, salinity, and 

density of the petroleum at the time of their 
formation, and to infer the burial depth of 

the host rock. The application of these data 

in conjunction with petrographic studies and 

fluorescence emission observations of these 

fluid inclusions enables the interpretation of 

reservoir filling history, identification of 

petroleum type, and assessment of thermal 
maturity, ultimately providing a suitable 

model for future exploration activities. 

 

Data and Methods 

For this research, doubly polished thin 

sections were prepared from the Surmeh 
Formation in three sections: the Fahliyan 

anticline (11 samples), Khami (3 samples), 

and Mongasht (3 samples). Petrographic 

studies of fluid inclusions were carried out 
using a microscope equipped with 

ultraviolet light, and microthermometry and 

microbarometry were performed using a 
Linkam THM600/TS90 system. Data 

including homogenization temperature, 

salinity, ice-melting temperature, and 
fluorescence emission color were extracted. 

Subsequently, using the Flincor software 

and the Brown and Lamb equation, the 
temperature and pressure at the time of fluid 

inclusion entrapment were calculated, and 

the burial depth of the host rock was 
determined using the Kennedy (1950) 

method. Additionally, using the frequency 

data of petroleum-bearing fluid inclusions 

(grains containing oil inclusions, GOI) and 
fluorescence emission color, the oil 

saturation and the density of the trapped 

petroleum in each section were estimated. 

 

Discussion 

Petrographic investigations of fluid 
inclusions in the three studied sections 

revealed that petroleum-bearing fluid 

inclusions are predominantly secondary in 
origin and are trapped as very fine 

inclusions (less than 5 to 30 microns) within 

dolomite crystals and calcite-filled 

fractures. 

The results of microthermometry and 

microbarometry indicate that the 

homogenization temperature of aqueous 
fluid inclusions was 144°C in the Fahliyan 

section, 142°C in the Khami section, and 

112°C in the Mongasht section, 
corresponding to pressures of 560, 587, and 

165 bars, respectively. 

Using the Kennedy method, the entrapment 

depth of fluid inclusions was calculated as 

2040 meters for the Fahliyan section, 2140 

meters for the Khami section, and 600 

meters for the Mongasht section, indicating 
a significant decrease in depth from 

Fahliyan toward Mongasht. 

The GOI (grains containing oil inclusions) 
values were determined to be 12.96% for the 

Fahliyan section, 29.4% for the Khami 

section, and 53.5% for the Mongasht 
section, representing reservoir rocks with 

poor, moderate, and good oil saturation, 

respectively. 

Examination of the fluorescence emission 
color showed that the trapped oil in the 

Fahliyan section is extremely light (API 

gravity above 40), in the Khami section it is 
light (API gravity approximately 30 to 40), 

and in the Mongasht section it is medium 

(API gravity approximately 20 to 30). This 
indicates an increase in density and a 

decrease in the thermal maturity of the oil 

from Fahliyan toward Mongasht, which is 
attributed to the reduction in burial depth. 
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Conclusion 
Fluid inclusion studies in the three sections 

of Fahliyan, Khami, and Mongasht 

demonstrated that with decreasing 

entrapment depth of fluid inclusions (from 
2040 meters in Fahliyan to 600 meters in 

Mongasht), the GOI value increases from 

12.96% to 53.5%, and the oil type changes 

from extremely light to medium, indicating 

an increase in oil saturation and a decrease 

in thermal maturity from Fahliyan toward 
Mongasht. 

The homogenization temperatures and 

entrapment pressures were calculated as 
144°C and 560 bars for the Fahliyan section, 

142°C and 587 bars for the Khami section, 

and 112°C and 165 bars for the Mongasht 

section, corresponding to burial depths of 
the host rock of 2040, 2140, and 600 meters, 

respectively. 

Overall, the reservoir rock of the Mongasht 

section, with a GOI exceeding 50% and 
medium-density oil, exhibits the best oil 

saturation conditions, whereas the Fahliyan 

section, with a GOI of approximately 13% 

and extremely light oil, reflects high 

maturity at great depths. This trend of 

decreasing oil density from Fahliyan to 
Mongasht indicates a reduction in thermal 

maturity due to decreasing burial depth. 
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Fig. 1. Location map of the study areas on the Zagros Orogenic Belt (modified from the map of the Zagros Orogenic 
subdivisions, Alavi, 2007). 
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Fig. 3. Microscopic images of fluid inclusions within calcite-filled fractures. a: Examination under ultraviolet light showing 

blue fluorescence reflection for petroleum fluid inclusions. b: Examination of fluid inclusions under white light. (In this figure, 

due to the extremely small size of the studied fluid inclusions, complete discrimination of different properties related to the 

fluid inclusions was not possible; however, in this image, blue fluorescence reflection can be clearly observed for some 

petroleum fluid inclusions.) 
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Fig. 4. a – CL image of dolomite crystals with intercrystalline and intracrystalline pores. b – Petrographic image prepared 
from a sample of the Surmeh Formation in the Khami section; due to the low quality of the image, separation of fluid inclusions 

was not possible. 
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Fig. 5. Microscopic image taken at 20x magnification under ultraviolet light from a thin section prepared from the Khami 

section. In this figure, due to the extremely small size of the fluid inclusions studied, complete discrimination of different 

properties related to the fluid inclusions was not possible; however, in this image, green fluorescence reflection can be clearly 

observed for some petroleum fluid inclusions. 
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Fig. 6. CL images prepared from samples of the Tang-e Kord section, Mongasht anticline. a – CL image under PPL, 
showing a fractured and crushed dolomite crystal. b – In this figure, the CL image shows calcite filling the cavities 
within the sample, which appears red to orange, while the dolomite crystal appears purplish-red. 
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Fig. 7. Microscopic images taken under ultraviolet light and white light from a thin section prepared from the Tang-e Kord 

section. a and b – Study under white light (PPL), dolomite containing fractures filled with calcite veins. c and d – Study under 

ultraviolet light showing blue and yellow fluorescence reflection of petroleum fluid inclusions in the sample. 
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Fig. 8. Determination of the formation depth of aqueous fluid inclusions in the Surmeh Formation from the Fahliyan 
anticline (A), Khami anticline (B), and Mongasht anticline (C) sections using pressure and temperature gradients (after 

the method of Cady, 1950). 
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Table 1. Microthermometry data for the Fahliyan section (P: primary fluid inclusion, S: secondary fluid inclusion, C: fluid inclusion 

in intergranular cement, F2: second-generation fractures, B-oil: inclusion containing petroleum fluid with blue fluorescence color, 

aqueous: aqueous fluid inclusion). 

Origin Position Th( Cْ ) Tm( Cْ )
Salinity

 % Nacl
Composition Origin Position Th( Cْ ) Tm( Cْ )

Salinity

 % Nacl
Composition

P C 63.3 B- oil P C 144.3 aqueous

P C 88.6 B- oil P C -14 17.7 aqueous

P C 95.5 aqueous P C -12.4 16.3 aqueous

P C -11 15 aqueous P C -14.2 18 aqueous

P C 108.2 aqueous P C -12 16 aqueous

P C 74 B- oil P C -12.2 16.1 aqueous

P C 81.6 B- oil P C -17.1 20.3 aqueous

P C -15.7 19.2 aqueous P C -16.9 20.1 aqueous

P C -16.3 19.7 aqueous P C -16 19.4 aqueous

P C -15.9 19.3 aqueous P C -15.8 19.3 aqueous

S C -0.4 0.7 aqueous P C -15.4 19 aqueous

S C -0.2 0.3 aqueous P C -13.3 17.2 aqueous

P C 96.3 aqueous P C 72.3 aqueous

P C 86.6 aqueous P C 101.4 aqueous

P C -15.8 19.2 aqueous P C 144.7 aqueous

P C -12.8 16.7 aqueous P C 139.8 aqueous

P C -11.4 15.3 aqueous P C 134.5 aqueous

P C -9.8 13.7 aqueous S F2 -1 1.7 aqueous

P C -7.9 11.6 aqueous S F2 -0.9 1.6 aqueous

P C 59.4 B- oil S F2 -0.5 0.9 aqueous

P C 144.5 aqueous S F2 -0.3 0.5 aqueous

P C 65.6 B- oil S F2 -0.6 1 aqueous

P C 67.2 B- oil P C 107 aqueous

P C 100.7 aqueous P C 119.1 aqueous

P C 105.5 aqueous P C 108.2 aqueous

P C 129.6 aqueous P C 141.7 aqueous

P C 131.7 aqueous P C 114.4 aqueous
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Table 2. Microthermometry data for the Khami section, P (L+V>L): primary fluid inclusions containing liquid and vapor 

phases homogenized to liquid at room temperature; oil: fluid inclusions containing petroleum fluid. 

 

 

 

 

Type Th ( Cْ ) (+-) Tm( C ْ )
Salinity

%NaCl

Composi ti

on
Type Th ( C ْ ) (+-) Tm( Cْ )

Salinity

%NaCl

Composi ti

on

P(L+V>L) 121.3 0.8 -11.3 15.3 aqueous P(L+V>L) 78.5 0.3 - oil

P(L+V>L) 121.9 0.4 -10.7 14.7 aqueous P(L+V>L) 90.9 0.4 - oil

P(L+V>L) 121.7 0.6 -11.3 15.3 aqueous P(L+V>L) 87.6 0.3 - oil

P(L+V>L) 121 0.9 -15.6 19.2 aqueous P(L+V>L) 101.4 0.6 -15 18.7 aqueous

P(L+V>L) 118.4 0.9 -15.2 18.9 aqueous P(L+V>L) 128.2 0.4 -11.6 15.6 aqueous

P(L+V>L) 112.1 0.8 -15.6 19.2 aqueous P(L+V>L) 101.5 0.6 Oil aqueous

P(L+V>L) 133.6 0.6 -10.1 14.1 aqueous P(L+V>L) 103.4 0.6 Oil aqueous

P(L+V>L) 124.1 0.3 -10.2 14.2 aqueous P(L+V>L) 95.9 0.5 Oil aqueous

P(L+V>L) 117.2 0.9 -9.9 13.9 aqueous P(L+V>L) 91.2 0.4 Oil aqueous

P(L+V>L) 116.3 0.9 -9.9 13.9 aqueous P(L+V>L) 105.8 0.7 -14.1 17.9 aqueous

P(L+V>L) 109.5 0.7 -10.5 14.5 aqueous P(L+V>L) 104.7 0.6 -14.1 17.9 aqueous

P(L+V>L) 106.6 0.7 -11.4 15.4 aqueous P(L+V>L) 105.7 0.7 -14.1 17.9 aqueous

P(L+V>L) 101.9 0.6 -11.1 15.1 aqueous P(L+V>L) 104.7 0.6 -14.3 18.1 aqueous

P(L+V>L) 119.1 0.9 -9.9 13.9 aqueous P(L+V>L) 107.5 0.7 -14.1 17.9 aqueous

P(L+V>L) 107.9 0.7 -10.7 14.7 aqueous P(L+V>L) 104 0.6 -13.6 17.5 aqueous

P(L+V>L) 97.7 0.5 -12.5 16.5 aqueous P(L+V>L) 106.6 0.7 -12 16 aqueous

P(L+V>L) 110 0.7 -10.5 14.5 aqueous P(L+V>L) 107.1 0.7 -13.6 17.5 aqueous

P(L+V>L) 102.8 0.6 -10.7 14.7 aqueous P(L+V>L) 107.9 0.7 -13.6 17.5 aqueous

P(L+V>L) 111.5 0.8 -10.7 14.7 aqueous P(L+V>L) 108.4 0.7 -10.4 14.4 aqueous

P(L+V>L) 97.3 0.5 -12.6 16.6 aqueous P(L+V>L) 128 0.4 -10.1 14.1 aqueous

P(L+V>L) 108 0.7 -10.9 14.9 aqueous P(L+V>L) 122.5 0.3 -10.1 14.1 aqueous

P(L+V>L) 96 0.5 -12.6 16.6 aqueous P(L+V>L) 106.4 0.7 -10.4 14.4 aqueous

P(L+V>L) 102.7 0.6 -11.1 15.1 aqueous P(L+V>L) 106.8 0.7 -13.6 17.5 aqueous

P(L+V>L) 115.7 0.9 -10.2 14.2 aqueous P(L+V>L) 102.9 0.6 -13.6 17.5 aqueous

P(L+V>L) 103.7 0.6 -11.1 15.1 aqueous P(L+V>L) 113.5 0.8 -11.7 15.7 aqueous

P(L+V>L) 124.7 0.3 -9.9 13.9 aqueous P(L+V>L) 107.9 0.7 - oil

P(L+V>L) 142.3 0.4 -14.8 18.5 aqueous P(L+V>L) 100.2 0.7 - oil

P(L+V>L) 107.2 0.7 -14.8 18.5 aqueous P(L+V>L) 100.2 0.4 - oil

P(L+V>L) 80 0.3 - oil P(L+V>L) 105.5 0.3 - oil

P(L+V>L) 80.3 0.3 - oil P(L+V>L) 100.5 0.7 - oil

P(L+V>L) 105.8 0.7 - oil P(L+V>L) 97.8 0.7 - oil

P(L+V>L) 115.5 0.8 - oil P(L+V>L) 100.2 0.6 - oil

P(L+V>L) 77.4 0.3 - oil P(L+V>L) 105.2 0.8 - oil
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Table 3 - Micro thermometry data for the Tang-e Kord section. P (L+V>L): primary inclusion containing liquid and vapor 

phases homogenized to liquid at room temperature; P (L): primary liquid fluid inclusion, monophase single-phase fluid 

inclusion; and oil: inclusion containing petroleum fluid. 

 

                                                   
17 Tang-i- Kord 

 

Type Th( Cْ ) (+-) Tm( Cْ ) Salinity%Nacl Composition Type Th( Cْ ) (+-) Tm( Cْ ) Salinity%Nacl Composition

P(L+V>L) 106.1 0.7 -18.7 21.6 Aqueous P(L+V>L) 99.2 0.5 - Oil

P(L+V>L) 106.1 0.7 -18.6 21.5 Aqueous P(L+V>L) 94.3 0.4 - Oil

P(L+V>L) 100.1 0.6 -18.2 21.2 Aqueous P(L+V>L) 96.9 0.5 - Oil

P(L+V>L) 92.2 0.4 -18.2 21.2 Aqueous P(L+V>L) 96.5 0.5 - Oil

P(L+V>L) 107.4 0.7 -18.6 21.5 Aqueous P(L+V>L) 96.5 0.5 - Oil

P(L+V>L) 106.9 0.7 -18.6 21.5 Aqueous

P(L+V>L) 98.9 0.5 -18.2 21.2 Aqueous P(L) 0 0 Aqueous

P(L+V>L) 112.4 0.8 -18.5 21.5 Aqueous P(L) -0.1 0.1 Aqueous

P(L+V>L) 106.4 0.7 -18.5 21.5 Aqueous P(L) -5.7 8.8 Aqueous

P(L+V>L) 97.8 0.5 - Oil P(L+V>L) 0.3 - Oil

P(L+V>L) 103.9 0.6 - Oil P(L+V>L) 0.3 - Oil

P(L+V>L) 90.8 0.4 - Oil P(L+V>L) 0.3 - Oil

P(L+V>L) 99.6 0.5 - Oil P(L+V>L) 0.3 - Oil

mono phase

mono phase

mono phase

TK(dolomite matrix primary aqueous & oil) TK(dolomite matrix primary aqueous & oil)

TK(calcite vein primary aqueous & oil)
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Table 4. Classification and processing of microthermometry data obtained from the analysis of samples taken from the 

Surmeh Formation in the studied sections.
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Fig. 9. Diagram integrating fluorescence color data and oil API gravity (Maanijou et al., 2013) to determine oil density 
in petroleum fluid inclusions of the Surmeh Formation in the Fahliyan section. 
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Fig. 10. Frequency diagram of fluorescence reflection colors in petroleum fluid inclusions in the Khami 
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Fig. 11. Diagram integrating fluorescence color data and oil API gravity (Maanijou et al., 2013) to determine oil density 

in petroleum fluid inclusions of the Surmeh Formation in the Khami section. 
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Fig. 12. Frequency diagram of fluorescence reflection colors in petroleum fluid inclusions in samples from the Tang-e 

Kord section of the Mongasht anticline: a – Frequency of reflection colors in the dolomitic part of the sample. b – 
Frequency of reflection colors in the replaced calcite vein part. 
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Fig. 13. Diagram integrating fluorescence color data and oil API gravity (Maanijou et al., 2013) to determine oil density 

in petroleum fluid inclusions of the Surmeh Formation in the Tang-e Kord section of the Mongasht anticline. 
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Fig. 14. Comparison of fluid inclusion characteristics in the study areas on a 1:500,000 scale map 
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