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Fig. 1. Geographic location and access road map to the natural bitumen mines of Gilan-e Gharb, in the western part of
Kermanshah province (the arrow indicates the location of the natural bitumen mines).
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Fig. 2. Geological map of the study area derived from the 1:50,000 Jajarlu Aghabarar map (Exploration Management,
2013). (the arrow indicates the location of the natural bitumen mines).
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Table 1. Results of elemental analysis of natural bitumen samples in the Gilan-e Gharb region (Shak Meidan)

SampleNo | C% | H% | N% | S% | O% | H/C O/C Sample No (N+S)/0
Mjm1 72.5 7 05 | 397 | 58 | 1.159 | 0.060 Mjm1 0.77
Mjm2 68.4 6.7 0.7 - 5.7 11175 | 0.063 Ptm31 132
Ptm31 774 | 1.7 0.6 | 6.32 3 1.194 | 0.029 Jvl 1.02
Ptm32 71.7 7.7 0.6 - 2.3 1.189 | 0.022 Ptm21 0.79
Jvl 58.7 5.9 06 | 461 | 51 | 1.206 | 0.065 Ptm11 0.57
Jv2 57.1 6.2 0.6 - 8 1.303 | 0.105

Ptm21 61.6 6.3 0.6 | 352 | 52 | 1.227 | 0.306

Ptm11 54.4 5.3 0.6 | 5.14 10 1.169 | 0.138
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Fig. 3. Scatter plots of elements in natural asphalt: A: Scatter plot of carbon and hydrogen B: Scatter plot of hydrogen
and carbon C: Scatter plot between carbon and oxygen D: Scatter plot of hydrogen and oxygen in natural bitumen
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Table 2. Amount of ash and volatile materials measured for natural bitumen samples

Sample No Ash % Volatile % Total (Ash+Vol) %
Ptm31 5.5 94.42 99.92
Ptm32 55 94.48 99.98
Ptm11 33 66.85 99.85
Ptm12 31 69.06 100.06

Jvl 27 73.25 100.25
Jv2 26.5 73.42 99.92
Mjm1l 15 84.75 99.75
Mjm2 17 82.16 99.16
Ptm21 30 70.95 100.95
Ptm22 27 73.47 100.47
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Table 3. Measured data of specific gravity and API degree of natural bitumen samples

Sample Gs (N/md) API
Ptm31 1.2 -13.5
Ptm32 1.2 -135
Ptm21 1.3 -22.6
Ptm22 1.3 -22.6
Ptm11 1.3 -22.6
Ptm12 1.3 -22.6
Jvl 1.2 -13.5
Jv2 1.2 -13.5
Mjm1 1.1 -2.8
Mjm2 1.1 -2.8
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Abstract

The natural bitumen reserves in the Gilan-e-Gharb region are located in the Zagros Folded belt. The
study area lies within the tectonic-stratigraphic zones of Lorestan and the Mesopotamia region, and
structurally, within the simple fold belt. Elemental analysis conducted on natural bitumen samples was
utilized to determine the types of bitumen in the Gilan-e-Gharb region, identify the various type of
kerogen, and estimate the approximate reflectance of vitrinite. For these purposes, 8 samples from
natural bitumen reserves were subjected to organic geochemical analysis. Natural bitumens with a
reservoir origin typically have an H/C ratio of less than 1. Whereas, the analyzed samples have an
average ratio of 1.15. Based on this data, the reservoir origin of the natural bitumens in the study area is
deemed improbable.Hence a source rock origin for these reserves is plausible. The average carbon
content of the samples is approximately 65 Wt%, indicating their high quality. The types of bitumen in
the study area include Grahamite (Ptm3), weathered Albertite (Mjm, Ptm1), Glance Pitch (Jv, Ptm2),
and low-weathered Gilsonite (Jv). An inverse relationship exists between the percentage of ash and the
percentage of volatiles in the natural bitumen samples, as well as between the percentage of ash and the
percentage of carbon. As the amount of ash increases, the carbon content decreases, leading to a
reduction in the quality of the natural bitumen. A direct relationship is observed between the percentage
of volatiles and the carbon content. This means that an increase in volatiles corresponds to an
improvement in the quality of natural bitumen (and their carbon content as well). There is an inverse
relationship between the carbon content and ash content and hydrogen value. Additionally, an inverse
relationship exists between the percentage of volatiles and the oxygen content, while a direct relationship
is notable between the percentage of ash and the oxygen content of the samples. A direct relationship is
also established between the percentage of volatiles and the hydrogen content of the samples. All
samples exhibit a specific gravity greater than one and a negative API degree which is probable due to
relatively high sulfur and nitrogen content.

Keywords: Natural bitumen, Surface Evidence, Organic geochemistry, Ash content, Volatiles matter,
Type of kerogen

Introduction

The organic materials present in sedimentary
sequences (source rock and reservoir rock)
exist in two forms: 1) organic materials found
in the parent rock, which are directly formed
from the remains and traces of ancient
organisms, and 2) organic materials generated
from the parent rock (depending on the quality
and type of kerogen present), which include oil
and gas. In the evolutionary processes of
organic materials in the parent rock, after
sedimentation (diagenesis), insoluble materials
known as kerogen (a collection of insoluble
organic materials that cannot be extracted with
organic solvents) are produced, which

transform into fossil fuels, oil, and gas during
the catagenesis stage. Therefore, all organic
materials are divided into two categories:
extractable and non-extractable materials,
commonly referred to as asphalt and
pyrobitumen. In organic petrology
terminology, secondary organic materials
include oil, solid asphalt, and pyrobitumen.
Solid asphalt and pyrobitumen are often part of
the common organic materials in the sequences
of rocks within the oil and gas window and
significantly impact the quality of reservoirs in
the exploitation of organic-rich shales.
Additionally, the presence of solid asphalt and
pyrobitumen, along with their reflectance
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(bitumen reflectance), is often used to assess
maturity levels in the absence of reliable
vitrinite particles. This study investigates the
natural bitumen (solid bitumen) from the
Gilan-Gharb region. Natural bitumen is one of
the unconventional hydrocarbon resources.
This substance is a black, shiny, and brittle
mass that easily converts into a brown or black
powder, distinguishable by its high viscosity
and density compared to crude oil.

Organic geochemistry is a branch of
geochemistry that focuses on organic
compounds containing carbon. The quality of
the source rock depends on the type of organic
matter present in the sediments and determines
the type of hydrocarbons produced from the
source rock. Thermal maturity indicates the
intensity of the thermal transformation of
organic matter over time and shows the stage
of oil and gas generation the source rock has
reached. One of the parameters for assessing
the quality of hydrocarbon materials is
elemental analysis (CHNSO). Elemental
analysis is conducted to measure the elements
carbon, hydrogen, oxygen, sulfur, and nitrogen
on kerogen separated from the source rock
sample and hydrocarbon materials. If sufficient
information is available regarding the type of
kerogen and the thermal maturity of the
containing source rock, it may be possible to
obtain additional information about the source
rock using the results of elemental analysis. In
practice, the results of elemental analysis are
often used as an indicator to determine the type
of kerogen and its maturity level. The most
important method for interpreting the results of
elemental analysis is the Van Krevelen
diagram (Van Krevelen, 1961). Due to
insufficient studies on natural bitumens in the
research area, there is inadequate information
regarding the type of kerogen, thermal
maturity, and classification of natural bitumens
in the western region of Kermanshah province.
The aim of this research is to study the organic
geochemistry of natural bitumens and to
investigate the type of kerogen and vitrinites
reflectance, ultimately classifying the bitumens
of the studied area through elemental analysis,
ash content, and volatile matter.

Materials and Methods

In this study, suitable areas for field visits were
selected by examining geological maps and
satellite images, followed by sampling of

natural bitumens. The analyses conducted in
this research include elemental analysis of
carbon, hydrogen, nitrogen, and oxygen from 8
natural bitumen samples, which were tested at
the Petroleum Industry Research Institute
using the TruSpec Elemental Analyzer from
Leco. The CHNSO elemental analyzer can
quickly determine the quantities of carbon,
hydrogen, oxygen, sulfur, and nitrogen in
samples of a specified weight. This device is
used to identify the elements present and
determine the formulation of chemical and
pharmaceutical materials, organic compounds,
oil, coal, geological materials, chemical
fertilizers, agricultural products, and food
items. This system consists of two methods:
gas chromatography and flash combustion.
The elements present in the sample are
oxidized in a combustion tube, where the
temperature is controllable, by passing oxygen
gas, and the measurement of the gases
produced from the combustion is performed
automatically .

Elemental analysis of carbon, hydrogen,
nitrogen, oxygen, and sulfur was conducted for
5 samples of natural bitumen evaluated in the
laboratory of Mahamx Company using the
ECS 4010 Elemental Analyzer from Costech.
Additionally, 10 natural bitumen samples were
tested for ash content, volatile matter, and
specific gravity in the sedimentology
laboratory of the Geology Department at Bu-
Ali Sina University.

Determination of Ash Percentage: To
determine the ash percentage of natural
bitumen samples and to prepare the ash
required for geochemical analyses, the samples
were powdered. The preparation of ash is
conducted according to the ASTM D-3174
standard. Based on this method, one gram of
the sample is weighed and placed in a known
weight crucible. Each natural bitumen sample
is carefully weighed to 0.0001 grams and
passed through a 60 mesh sieve (250 microns),
then placed in the furnace. The furnace used in
this experiment is the Ex1300-6L model
manufactured by Exetiton, with a maximum
temperature of 1300 degrees Celsius .

According to the ASTM D-3174 standard, the
furnace temperature is raised to 500 degrees
Celsius within one hour, after which heating
continues such that at the end of two hours, the
furnace temperature reaches 750 degrees
Celsius. The sample is heated at this
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temperature for an additional two hours. The
crucible is then removed from the furnace and
placed in a desiccator to cool. After this, the
crucible is weighed, and the weight of the
crucible and the remaining ash is obtained.
Finally, the ash percentage is calculated using
the following equation:

Equation 1: Ash% = (A -B)/C * 100

A: Weight of the crucible and ash

B: Weight of the crucible

C: Weight of the sample

Determination of Volatile Matter Percentage:
The quality of bitumens increases with the
higher volatile matter content. The percentage
of volatile matter is calculated using the
following equation :

Equation 2: Volatile Matter = (Initial weight of
the sample - Weight of the sample after
combustion) / Initial weight of the sample.

Results and Discussion

Elemental Analysis (CHNSO)

The elemental analysis conducted on natural
bitumen samples was used to determine the
type of these bitumens, identify the type of
kerogen, and estimate the vitrinites reflectance.
The results of the elemental analysis are
presented in Table 1. Natural bitumens with
reservoir origins typically have an H/C ratio of
less than 1 (Rogers et al., 1974), and in this
study, the lowest H/C ratio was found to be
1.15. Therefore, it can be concluded that the
natural bitumens in the studied area do not have
a petroleum reservoir origin. The carbon
content of the samples indicates the quality of
the natural bitumens; in other words, a higher
carbon content signifies better quality. Farhadi
(1999) empirically considered bitumens with
more than 60% carbon to be of good quality
and those with less to be of medium to low
quality. Based on this classification, 5 samples
of natural bitumens are of good quality, while
three samples are of medium quality.

Pilearam (2016) reported the carbon and sulfur
content of natural bitumen samples in Lorestan
to be between 47% to 79% and 9% to 48%,
respectively. Although the very high sulfur
content in some samples (which even seems to
exceed the carbon content) suggests a possible
error in measuring this element, the carbon
content and quality of natural bitumens in
Lorestan are similar to those in the studied area
of Gilan-e-Gharb. Maleki (2022) reported the

average carbon and hydrogen content of

natural bitumen samples in Lorestan to be 74%
for carbon and 6% for hydrogen. The H/C ratio
in the samples was less than one, indicating a
reservoir origin for the bitumens in Lorestan.
In contrast, the natural bitumens in the studied
area have an H/C ratio greater than one,
indicating a non-reservoir origin. Goodarzi and
Williams (1986) measured the carbon and
hydrogen content of natural bitumens in
Behbahan to be between 44% to 64% and 2.5%
to 6.7%, respectively, calculating the H/C ratio
of the samples to be between 1.23 and 1.41,
concluding that the origin of the bitumens in
the Behbahan area is non-reservoir. Cornelius

(1984) evaluated the classification of natural
bitumen using the Van Krevelen diagram and
referred to the classification of various types of
crude oil and natural bitumens. The natural
bitumens in the studied area, according to
Cornelius (1984), include: Grahamite (Ptm3),
weathered Albertite (Mjm, Ptm1), Glance pitch
(Jv, Ptm2), and low-weathered Gilsonite (Jv).

The Van Krevelen diagram is based on the H/C
and O/C ratios. According to this diagram, the
kerogen type of the samples can be identified,
and the approximate reflectance of vitrinite is
indicated. The natural bitumen samples plotted
according to their H/C and O/C ratios on the
Van Krevelen diagram show that all the natural
bitumen samples belong to kerogen type II.

Additionally, all samples except one from the
Jv mine fall within the reflectance range of 0.5
to 1, indicating entry into the oil window,
rejecting the diagenesis stage, and placing
them in the catagenesis stage. Kerogen type 1l
has relatively high initial H/C values and
moderate initial O/C values, which align with
the data of natural bitumens from the studied
area (high H/C and moderate O/C). It can be
said that this type of kerogen originates from
residual organic materials deposited under
reducing conditions in marine environments.
Mohseni et al. (2015) conducted studies on the
hydrocarbon-generating potential of the
Pabdeh  Formation in  Gilan-e-Gharb,
identifying the predominant kerogen type for
the Pabdeh Formation as type Il. There is an
inverse relationship between the percentage of
ash and the percentage of volatile matter in the
natural bitumen samples, such that as the ash
content increases, the volatile matter decreases.
Additionally, there is an inverse relationship
between the percentage of ash in the samples
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and the percentage of carbon, indicating that as
the ash content increases, the carbon content
decreases, leading to a reduction in the quality
of the natural bitumen. The direct relationship

between the percentage of volatile matter and
the carbon content of the samples suggests that
as the volatile matter increases, the carbon
content also increases. The amount of volatile
matter serves as an indicator of the quality of
natural bitumen, meaning that an increase in
volatile matter correlates with an increase in
the quality of the natural bitumen (carbon
content). There is also an inverse relationship

between the ash content and the hydrogen
content in the natural bitumen samples, where
an increase in ash content corresponds to a
decrease in hydrogen content. According to the

formula for calculating API, heavy and extra-
heavy oil compounds have negative APl values
because their specific gravity is greater than
one. This is due to the presence of sulfur and
nitrogen compounds in the hydrocarbon
materials. There is an inverse relationship
between specific gravity and API degree,
meaning that as specific gravity increases, the
API degree decreases, and conversely, as API

increases, specific gravity decreases. The

natural bitumens of the Gilan-e-Gharb region
do not have reservoir origins due to their H/C
ratio being higher than one. The average
carbon content of the eight natural bitumen
samples is approximately 65%, indicating that
the bitumens in this area have high quality.

Conclusion

The natural bitumens in the studied area are
classified as Gilsonite (Ptm3), Grahamite (Jv),
Albertite (Ptm1), and within the range between
Grahamite and Albertite (Ptm2, Mjm).
Grahamite (Ptm3), weathered Albertite (Mjm,
Ptml), Glance pitch (Jv, Ptm2), and low-
weathered Gilsonite (Jv) were identified. All

natural bitumen samples represent kerogen
type Il. Additionally, all samples except one
reject the diagenesis stage and fall into the
catagenesis stage. All samples have a specific
gravity greater than 1 and negative API
degrees, which is due to the presence of sulfur
and nitrogen compounds, indicating heavy and
extra-heavy oil compositions.



