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The Amiran Formation (Maastrichtian-Paleocene) in the Zagros sedimentary
basin has been accumulated with a considerable thickness in a deep sedimentary
environment, where from the north of Lorestan to the south, fine-grained facies
(alternation of shale and sandstone) are dominant. In this research, the Amiran
Formation was evaluated as a possible source rock from the point of view of
organic geochemistry and hydrocarbon generation potential in this part of the
Zagros sedimentary basin. In this goal, a 473-meter-thick stratigraphic section
was selected on the northern side of the Pusht-Jangal anticline, Kohdasht city,
and 20 samples of dark-colored shales of this formation were collected for Rock-
Eval 6 analysis. Plotting the S2 values against the Toc of the samples indicates a
weak to medium source rock and it ranks weak in terms of hydrocarbon
generating power, so that the source rock index (SPIr) of this formation is 1.65
and it has a weak hydrocarbon generating power. The kerogen of this formation
was found to be a combination of type III and type II, but type III kerogen is more
abundant, which can be due to the dominance of continental facies that make up
this formation. Plotting the Tmax values against HI showed that 75% of the
samples are in the immature range and 25% of them are at the beginning of the
oil generation window, or in other words, they have passed the thermal maturity
by reaching the catagenesis stage, which is confirmed by Tmax between 435 and
460 degrees Celsius. The diagram of HI versus Toc indicates the formation of
various organic facies in Amiran Formation, these facies include organic facies
CD (oxidizing) 40%, organic facies C (semi-oxidant) 45% and to a lesser extent
organic facies BC (semi-reduction to semi-oxidant) 15%. This variety of facies
can be due to the variety of organic materials with marine and continental origin
and sedimentation in deep environments and the upper parts of the continental
slope, whose continental origin is predominant. The Toc values of this formation
are low due to the introduction of organic materials of continental origin (80% of
the samples have Toc less than 1% by weight) and therefore the potential of the
source rock has decreased.
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Extended Abstract

Introduction

The  Zagros  sedimentary basin is
approximately the second largest sedimentary
basin in the Middle East and has long been of
interest to petroleum geologists. Jurassic to
Eocene sediments in this basin has been
described as pyrobitumen-bearing layers. The
Amiran Formation is one of the formations of
the Lorestan sedimentary basin, which in parts
of this basin has major deposits of bitumen
that are being extracted These bitumens are of

very good quality. Solid bitumens, bitumens
or pyrobitumens are often the common
organic components in mature oil and dry gas
window rock sequences. This basin is one of
the richest oil basins in the world due to its
large, regular and young folds and the trapping
of hydrocarbon reserves in many of its
anticlines. Today, hydrocarbon source rocks
can be evaluated using pyrolysis methods.

Rock-Eval pyrolysis provides information on
the quality and type of organic matter,
maturity, potential and actual potential,
organic facies, total organic carbon (TOC)
content, the state of the depositional
environment in terms of oxidant and reduction
conditions, and hydrocarbon migration from
the source rock. Formations with shale and
fine-grained lithologies have always been of
interest and have been investigated in terms of
organic geochemistry. Since the facies of the

Amiran Formation were deposited in a deep
sedimentary environment (submarine fan),
there is a possibility of the presence of
significant amounts of organic matter in them.
Also, outcrops of petroleum materials, such as
oil springs, extractable bitumen reserves, and
natural bitumen in the study area require that
this formation be investigated from the
perspective of organic geochemistry and
hydrocarbon generation potential. The study

area is located within the boundaries of
Kohdasht city. This area is tectonically part of
the continental margin and structurally has
parallel folds and dip-thrusts with low-dip
subduction. This subzone is of particular
importance for the preservation of organic
matter due to the presence of important source
rocks that were deposited during the
Cretaceous. The Garu Formation, which is

exclusively distributed in the Lorestan
sedimentary basin, is a prominent example of

this source rock. The great thickness of the
sediments accumulated during the Cenozoic
in the Lorestan sedimentary basin has created
the chance for the Mesozoic sediments of the
Lorestan sedimentary basin to pass well
through the oil window and reach thermal
maturity. The study area is affected by the
young tectonic movements of the Zagros. The

axial plane of the anticlines and fault lines in
the region is often vertical and their extension
is northwest to southeast. In the anticline in
question, the Gurpi, Amiran, Talehzang,
Kashkan, Shahbazan-Asmari, Gachsaran
formations and alluvial sediments of the
present age are exposed. The thickness of the

Amiran Formation in the study area is 473
meters, which is a sequence of conglomerate,
dark gray shales, gray siltstone, and green
sandstone, with fine-grained facies accounting
for approximately 60 to 70 percent of the rock
column. The Amiran Formation is contiguous
and continuous over the Gurpi Formation,
which is characterized on the surface by the
change in color of the blue shale and marl to
the green sandstones of the Amiran
Formation. The upper boundary of the Amiran
Formation is contiguous and continuous with
the carbonates of the Talehzang Formation.

Materials and Methods

Twenty samples were collected from 30 to
40 cm below the outcrop surface in an
undisturbed and unweathered manner from
the shale units. Sampling was based on
facies changes and perpendicular to the
bedding, and whenever possible, dark-
colored shale units that contain more
organic matter were taken. These samples
were immediately packaged and transported
to the Tehran Petroleum Research Institute
for analysis, where they were analyzed
using a Rock-Eval 6 instrument.

Results and Discussion

The aim of this study is to investigate the
possible hydrocarbon generation potential
of the Amiran Formation from an organic
geochemical perspective. The results of
rock pyrolysis and calculated geochemical
parameters are given in Table 1.

The total organic carbon (TOC) content of
Amiran Formation samples, expressed as
(wt%), varies between 0.2 and 1.2 with an
average of 0.75, such that 40% of the
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samples have TOC between 0 and 0.5, 40%
between 0.5 and 1, 15% between 1 and 2,
and 5% more than 2. In fact, 80% of the
samples have TOC less than 1. Bitumens

formed in the Amiran Formation have a high
carbon percentage and are classified as very
good quality natural bitumens. The Amiran
Formation in the study area is a source rock
with  weak  hydrocarbon  generation
potential, with 95% S2 values less than 2.5
and 5% between 2.5 and 5 mgHc/gRock.

The Tmax values of the Amiran Formation
samples vary between 405 and 448 and an
average of 429 (C°), such that 70% of the
samples have Tmax less than 435 °C and
30% of the samples have Tmax between 435
and 470 C°. The Amiran Formation samples
have an abundance of type II and type III
kerogen and, if they undergo sufficient
thermal maturity, they will have the
potential to produce gaseous and liquid
hydrocarbons. These results are also

consistent with the hydrogen index results
(60% of the samples have HI between 0 and
150 and 35% between 150 and 300
mgHc/gRock). The start of the oil window
at Tmax is between 435 and 465 C° and the
end of the oil window at Tmax is around 470
C°. Most of the Amiran Formation samples

are in the immature stage (immature zone)
(about 75%), the vitrinite reflectance
coefficient of less than 0.5% of the samples
also confirms this, and only a small number
(20% at the beginning of the oil window and
5% in the middle of the oil window) are
located.

The Amiran Formation in the study area is a
source rock with weak to moderate potential.
The Amiran Formation in the study area lacks
traces of mineral matrix. Also, by extending
the regression line, this line intersects the TOC
axis, which indicates the presence of dead
organic carbon in the Amiran Formation
samples and this carbon has no role in the
hydrocarbon generation potential. The facies
range of this formation has been determined
based on the HI and TOC values. Accordingly,

the facies range of this formation includes:
organic CD facies (oxidant) 40 percent,
organic C facies (semi-oxidant) 45 percent,
and to a lesser extent, organic BC facies
(semi-reduction to semi-oxidant) 15 percent.

The oxidant and semi-oxidant conditions of
the organic facies of the Amiran Formation
are attributed to their formation during the
period of sea level drop and the predominance
of type III kerogen, and the semi-reduction of
its organic facies is attributed to the period of
relative sea level rise and the abundance of
type II kerogen. The Amiran Formation
samples in the study area have SPIr1.65 and
are considered a source rock with low
potential.

Conclusion

The results of this study showed that the
kerogen of the Amiran Formation is a mixture
of type II and type 111, but type III kerogen is
more abundant, which could be due to the
dominance of continental facies forming this
formation. These kerogens were formed in the
sea level drop stage in terms of sea level
changes, which is a reason for the dominance
of continental facies in this formation. The

vitrinite reflectance (RO) of most samples
(75%) was less than 0.5 and was located in the
immature zone, which is confirmed by a Tmax
less than 435°C, and only 25% of them were
located in the beginning and middle of the oil-
generating window. The organic facies

constituting this formation include: organic
CD facies (oxidant) 40 percent, organic C
facies (semi-oxidant) 45 percent, and to a
lesser extent, organic BC facies (semi-
reduction to semi-oxidant) 15 percent. The
oxidant and semi-oxidant organic facies
developed during the period of falling sea
level and the semi-reduction organic facies
developed during the period of rising relative
sea level. Under conditions of falling sea

levels, organic matter from continental origin
entered the sedimentary basin, causing a
decrease in the TOC values of the samples,
which in turn reduced the generative potential
of the formation. Plotting S2/TOC values of
Amiran Formation samples in the study area
showed that this formation is a source rock
with weak to medium potential and the source
rock index (SPIr) for it is 1.65 and is evaluated
as a source rock with low potential and if
sufficient thermal maturation stages are
passed in it, gaseous and liquid hydrocarbons
can be produced in it.
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Fig. 1. a: Geographical location and access ways to the studied area. b: The position of the folded Zagros structural zones
(SepeHr and Cosgrove, 2004). A part of the geological map 1:100000 of Kohdasht city along with the expansion of the
formations of the studied area. c: Amiran Formation stratigraphic column in the study area along with the location of samples
taken for Rock-Eval analysis, which is shown with red numbers.
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Fig. 2. a: Field images of outcrop formations in the study area (viewed towards the north). b: Bitumen veins developed

in the shales of Amiran Formation. c: Depositing bitumen extracted in the Amiran Formation in the study area. d:
Shale facies of Gurpi Formation in the study area. e: Shale facies along with sandstone interlayers of Amiran Formation

in the studied area.
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Table 1. Results of Rock-Evale pyrolysis of Amiran Formation in the study area. Average, maximum and
minimum statistical parameters are also reported.

Sample Formation S1 S2 S3 HI (0) 1 Tmax | TOC PI
No. (mgHc/gRock) | (mgHc/gToc) (mgHc/gToc) (mgHc/gToc) | (mgCO2/gToc) “C) (Wt%)
Am- 1 Amiran 0.07 0.3 0.8 120 320 425 0.25 0.19
Am- 2 Amiran 0.9 0.09 0.07 23 18 432 0.4 0.91
Am-3 Amiran 0.06 0.08 0.33 15 60 420 0.55 0.43
Am- 4 Amiran 0.04 0.85 0.25 71 21 405 1.2 0.04
Am- 5 Amiran 0.9 2.2 0.8 242 88 428 0.91 0.29
Am- 6 Amiran 0.3 0.9 0.07 102 8 440 0.88 0.25
Am-7 Amiran 1.08 0.7 3.1 95 419 431 0.74 0.61
Am- 8 Amiran 0.6 1.02 0.7 144 99 410 0.71 0.37
Am-9 Amiran 0.8 3.2 0.09 213 6 428 1.5 0.20
Am- 10 Amiran 1.03 0.8 0.05 200 13 432 0.4 0.56
Am- 11 Amiran 0.07 1.01 1.1 210 229 436 0.48 0.06
Am- 12 Amiran 0.09 0.9 2.8 138 431 438 0.65 0.09
Am- 13 Amiran 0.08 0.5 0.9 119 214 430 0.42 0.14
Am- 14 Amiran 0.9 1.5 1.1 183 134 418 0.82 0.38
Am- 15 Amiran 0.2 0.8 0.7 174 152 415 0.46 0.20
Am- 16 Amiran 0.11 2.1 0.6 382 109 440 0.55 0.05
Am- 17 Amiran 0.66 0.1 3.2 50 1600 438 0.2 0.87
Am- 18 Amiran 0.3 1.01 1.5 289 429 429 0.35 0.23
Am- 19 Amiran 0.08 0.5 0.65 33 43 448 1.5 0.14
Am- 20 Amiran 0.09 1.1 1.2 52 57 432 2.1 0.08
Max Amiran 1.08 3.2 3.2 382 1600 448 2.1 0.9
Min Amiran 0.04 0.08 0.05 15 6 405 0.2 0.04
Ave Amiran 0.42 0.98 1.00 143 222 429 0.75 0.30

L094F) LulS g oy (goopumds (il ).vi.&.m S o 9290 ‘_,,JT oolo Egly g CatsS (oS w5 lme .Y Jou

Table 2. Criteria for checking the quantity, quality and maturity of organic matter in the source rocks based on
the classification of Petres and Cassa (1994).

Potential (quantity) TOC (wt %) S1 (mgHc/g rock) S2 (mgHc/g rock)
Poor <0.5 <0.5 <2.5
Fair 0.5-1 0.5-1 2.5-5
Good 1-2 1-2 5-10
Very good 2-4 2-4 10-20
Excellent >4 >4 >20
. Hydrogen index Main product at peak
Kerogen (quality) (rr?g Hg/g TOC) S2/S3 Ir)naturity P
I >600 >15 Oil
111 300-600 10-15 Oil
1/ 200-300 5-10 Oil/Gas
111 50-200 1-5 Gss
v <50 <1 None
Maturity RO (%) Tmax (°C) PI
Immature 0.20-0.60 <435 <0.10
Mature (Early) 0.60-0.65 435-445 0.10-0.15
Mature (Peak) 0.65-0.90 445-450 0.25-0.40
Mature (Late) 0.90-1.35 450-470 50,40
Postmature >1.35 >470
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Fig. 3. a: Frequency histogram of hydrogen index values of Amiran Formation samples. 60% of the samples have HI
between 0 and 150 (mg HC/g TOC). b: Frequency diagram of TOC values of Amiran Formation samples. Frequency

with TOC is between 0.5 and 0.5 to 1%.
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Fig. 4. Histogram of S; and S2 values of Amiran Formation samples in the study area. a: The highest frequency with S;
is less than 0.5 mgHc/gRock. b: The highest frequency with S; is less than 2.5 mgHc/gRock.
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Fig. 5. Histogram of Tmax values of Amiran Formation samples, abundance with values less than 435°C.
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Fig. 6. a: S2 vs. TOC graph, which indicates the type of kerogen. Most of the points are in the range of type II and III
kerogen. b: OI versus HI values for Amiran Formation in the study area. Most of the kerogens of Amiran Formation
are of type II and III and are in the range of oil and gas production. c: The diagram of HI versus Tmax, which shows
the maturity of organic matter. Most of the samples of Amiran Formation are in the immature zone and only a few of

them are in the beginning and middle of the oil window.
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Fig. 7. a: SYTOC diagram, which expresses the potential of hydrocarbon generation (Hunt, 1986). Amiran Formation
is a source rock with weak to medium potential. b: S2 versus TOC values to characterize dead organic carbon and
mineral matrix (Katz, 1983, Espitalie et al., 1985, Dahl et al., 2004). The samples of Amiran Formation in the studied
area do not have traces of mineral matrix and dead organic carbon, which has no role in hydrocarbon generation
potential.
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Fig. 8. a: S1 values versus TOC (Hunt, 1996). This diagram shows the absence of contamination of Amiran Formation
samples and the presence of produced hydrocarbons. b- HI values versus TOC to determine the tract system (Pasley
et al., 1991). Most of the samples of Amiran Formation are bottom of the water sea level. c: Plot of TOC versus HI
values for organic facies determination (Jones, 1987). Most of the samples of Amiran Formation in the studied area
were deposited under oxidant to semi-oxidative conditions and slightly reducing conditions.
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Table 3. Calculation of SPIr value for Amiran Formation in the study area. The value of 1.65 indicates the presence of a source

stone with low potential.
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