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1-Introduction

Given the world's increasing demand for hydrocarbon resources and the exorbitant costs associated with
exploration processes, particularly in the drilling phase, exploration specialists must minimize investment
risks by utilizing the tools of petroleum inclusion before incurring drilling costs, whether for exploration or
production. It is important to note that the study of petroleum inclusions can be conducted in surface
samples, cores, and drill cuttings. Consequently, this method can easily track hydrocarbons in both fluid
and solid forms during the early stages of oil and gas exploration. It can complement the other oil and gas
exploration methods (Heydarian-Dehkordi, 2017). Fluid inclusions trapped during crystal growth reflect
the history of physicochemical conditions prevailing in the environment of entrapment. Therefore, the study
of petroleum inclusion entrapped in a mineral is an important tool for understanding the environment of
mineral formation (Zarasvandi et al., 2013). Generally, petroleum inclusions form under various
temperature and pressure conditions in the geological environments. One of the most important aspects of
oil exploration is awareness of the diagenetic history of potential reservoirs, as diagenesis plays a crucial
role in preserving, creating, or destroying porosity and permeability. Following the sedimentation and
burial, diagenetic reactions occur in response to increased temperature and pressure between the sediments
and surrounding fluids. Under such conditions, inclusions form during burial processes in the reservoir
cements. In other words, inclusions are trapped during crystal growth, either during cement formation or as
a result of secondary events. Determining the origin of inclusions is vital for accurate geological
interpretations and is often the most challenging aspect of fluid inclusion studies (McLimans, 1987).
Although inclusions vary from 1 micron to several centimeters, only fluids larger than 10 microns are
examined in microthermometry studies. Information obtained from the study of inclusions smaller than 10
microns is of little value and cannot be relied upon. Generally, primary inclusions are larger than secondary
inclusions and, due to their simultaneous formation with the growth of the host crystal, represent the best
samples for thermometric studies (Hurai et al., 2016). The present study focused on the microthermometry
data of petroleum inclusions from the North Azadegan oil field.

2-Materials and methods

In the present study, three wells of North Azadegan oil field were selected for sampling from the drill cores
(Fig. 1). Initially, all characteristics of the wells, including depth, availability of drill cores, lithology,
zoning, and other existing features, were examined. From the 114 obtained samples, double-polished
sections with a thickness of 200 to 300 micrometers were prepared. After the initial preparation, samples
were sent to the Fluid Inclusion Laboratory of Tarbiat Modares University in Tehran. Raman spectroscopy
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analyses were conducted in the Central Laboratory of Shiraz University using a LABRAM Raman
spectrometer (Yvon Jobin ISA). After an initial examination of samples to check the presence or absence
of fluid inclusion, cooling and heating processes were conducted on the fluid inclusions using a Linkam
THM model 600 stage mounted on an Olympus microscope.

The studied samples were cooled and heated to -120°C and 300°C, respectively. The accuracy for
cooling and heating runs was =#0.5°C and =*1°C, respectively. The parameters calculated for
microthermometric calculations included homogenization temperature (7%) and the temperature at which
the last ice crystal melted (7imgce)) (Table 1). The Flincor software, based on the Brown (1989) equations,
was used in the H>,O-NaCl system to calculate the salinity of the inclusions. Finally, the accuracy of the
computed salinities was verified using the FLUIDS package software.

Additionally, a UV light source model T-RFL-U was used on the Olympus microscope to measure the
UV reflectance of the fluid inclusions. It should be noted that this analysis was conducted at room
temperature before the initiation of the microthermomery processes.
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Fig. 1. (a) Location of the study area in Iran, (b) Location of Azadegan oil field in Khuzestan Province, and (c)
Sampling locality in the present study.

3- Results

As shown in the Table 1, microthermometry was conducted on the 239 fluid inclusions. The results indicate
that the homogenization temperatures of the oil inclusions range between 62 and 178 °C. The melting
temperature of the last ice crystal (Tmce)) is estimated to be between -11 and -16 °C, corresponding to the
salinity ranges from 0.3 to 19.53 wt% NaCl eq.

Oil inclusions are typically identified by their fluorescence reflectance under ultraviolet (UV) light, with
an excitation wavelength of 366 nm. For several years, the fluorescence colors of oil inclusions have been
used as a qualitative guide to examine the thermal maturity of oil species (Bourdet et al., 2012). The
diversity of fluorescence colors in organic sedimentary materials and crude oil is primarily determined by
the concentration of fluorescent substances, including the relative abundance of saturated hydrocarbons,
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aromatic hydrocarbons, resins, and asphaltenes, as well as the length of conjugated systems and carbon-
oxygen double bond groups.

Table 1. Microthermometry data of fluid inclusions from the Azadegan oil field.

T Salinity T
Well Depth (m) Formation Type © CI;’('“) (6wt% NaCl (V-L)h(" 0
quiv.)
Sarvak, Kazhdumi, and
1 3325.92 P -6.63 5.32 128.30
Gadvan
Ilam, Sarvak,Kazhdumi,
2 3263.11 P -9.75 4.63 133.75
Lower Gadvan, and Darian
Sarvak, Kazhdumi, Khalij,
3 3955 P -5.25 5.93 133.75
Gadvan, and Darian

Generally, as the size and concentration of aromatic and polycyclic hydrocarbons (like resins) in organic
sedimentary materials and crude oil increase, the fluorescence color shifts towards longer wavelengths and
decreases in intensity. Conversely, with reduced size and concentration of aromatic and polycyclic
hydrocarbons, the fluorescence color shifts towards shorter wavelengths (blue shift) and increases in
intensity (Munz, 2001). Oil inclusions exhibiting yellow and orange fluorescence reflectance generally
indicate low oil maturity. However, this conclusion does not preclude the possibility that other factors,
besides maturity, may cause oil to be trapped in inclusions with yellow or orange fluorescence (George et
al., 2001). Assessment of fluorescence emission under UV light for 239 fluid inclusion samples indicates
that the majority of samples (over 75 %) have green color emission equivalent to API gravity of 30-40°
degrees. Also, 20% of samples represent blue color emission, indicating the API gravity of 40-50° degrees.
Yellow color emissions were seen only in 5% of samples (Table 2).

Table 2 . Frequency of UV fluorescent light color emission for fluid inclusions of North Azadegan oil field.

o o Well Yellow (20-30) Green (30-40) Blue (40-50)
&5 1 33% 60% 7%

€% 2 2 40% 50% 10%

o N 5

z < 3 37% 55% 8%

4- Discussion and conclusion

The results imply for different stages of reservoir charging in the North Azadegan oil field. According to
the data obtained from microthermometry studies, the physicochemical properties of the reservoir were
identified. This reveals that the charging of the reservoir occurred during two distinct periods. Finally,
examining oil inclusions under ultraviolet light shows that the most abundant fluorescence reflectance
corresponds to the green color, with a frequency of 75%.
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Fig. 2. Fluid inclusions from the different wells of Azadegan oil field; (a) Single gas phase with two gas-rich phases, (b),

and (c) Liquid-rich two phases with single phase gas.
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Fig. 3. (a) Primary and (b) pseudo-secondary fluid inclusions in the North Azadegan oil field samples.
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Table 1. Microthermometry data of fluid inclusions from the Azadegan oil field reservoir.
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Fig. 4. (a) Salinity-temperature binary diagram for oil-rich inclusions and liquid-rich oil-bearing inclusions in the North

Azadegan field and (b) Salinity-temperature binary diagram for fluid inclusions belonging to different formations in the
North Azadegan oil field.
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Table 2. Frequency of UV fluorescent light color emission for fluid inclusions of North Azadegan oil field.

Well Yellow (20-30) Green (30-40) Blue (40-50)
g
S 1 33% 60% 7%
g =
5 £
§ o 2 40% 50% 10%
Zz

3 37% 55% 8%
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Fig. 5. Pie diagram showing the frequency of fluorescent emission of petroleum inclusions from the North Azadegan oil

field.
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Fig. 6. Combining the fluorescence color and API gravity of oil. Adapted from Testa (1990).
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