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Cutting Description

4 Limestone.: white ., fine. grained ., west ./

: 2248-%4 m. Shale.: dark. brown., fine. grained ., hard.

| operculina, Hantkenina sample.

2148-52 m. Shale.: dark, brown,, fine. gray., &

Globigerina, Zeauvigerina sample .

2201-03m. Shale.: dark. brown., fine. grained ., west/
Globigerina, Hantkenina sample.

Calite., Sandy., west/ Globigerina, Globorotalis,

2290.96m. Shale. :brown/dark., hard. fine. grained .

2310m. Limestone.: cream., hard., dense., Wackestone.,
argillaceous., sandy., west./Globigeina, Globrotalia
cocaensis, Globrotalia Centralis.

2343m. Limestone.:., Type.I, £/med. grained .,
wackestone. fpackestone., argillaceons., inpart gray,
glauconitic . & pyrite ., shale., fine. /medium. gray.,
west./Globotuncana sample.
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1. Sediment Water Interface Temperature
2. Paleo Water Depth

3. Heat Flow

4. Global Mean Surface Temperature

5. Vitrinite Reflectance
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Introduction

The sedimentary basin modeling is auseful and efficient
method in quantitative and qualitative evaluation of
the petroleum systems. Within a petroleum system,
presence of an active and mature source rock is one of
the essential elements for hydrocarbon accumulation.
Maturity of a source rock and thus hydrocarbon
generation is controlled by two factors of temperature
and time [1]. In burial and thermal histories modeling,
by studying the evolution of the sedimentary basin and
effects of sedimentation, burial, subsidence and uplift
process on increase or decrease in temperature, the
amount of organic matter maturation, and thus time and
depth of petroleum generation could be investigated.
The Pabdeh Formation with the age of Paleocene to
Oligocene and lithology of shale, limestone and marl
is one of the important potential source rocks in Iran
[2], as seen in Figure 1. In this study, by burial and
thermal histories modeling, evolution of the Pabdeh
Formation from its sedimentation time to present
day and therefore generation or non-generation of
hydrocarbon from this formation at one of the oil fields
in the southern part of Dezful Embayment has been
investigated.

Determining amount of the source rock’s maturity as
well as depth and time of oil and gas windows within
sedimentary basin will help in management and risk
assessment of the exploration and development plans.

Accepted: May/12/2020

System [Series | Fm. Cutting Description

2148-52 m. Shale.: dark, brown., fine. gray,, &
Limestone. white , fne. grained , west./

Oligocene

&
b 220105, Shale: dark. brown., fine. grained., west/
i Globigerina, Hantkeaina sample.
B | =| ™8
]
= =
o 124854 m. Shale.: dark brown., fine. grained ., hard.
z ® Cakit, Sandy, west/ Globigerina, Globorotala
| A operculina, Hantkenina sample.
[}

2290-96m. Shale. :brown./dark, hard. fine. grained .

Paleocene |

limestm@sm.
Fig. 1 Lithological chart of the Pabdeh Formation in the Well
Al.

Results and Discussions

Burial history reconstruction

In this research, one dimensional burial histories of
three wells from southern part of the Dezful Embay-
ment have been provided. The burial histories show
that during Paleocene to early Oligocene, the Pabdeh
Formation



had relatively low sedimentation rate (6-16 m/Ma).
After that, during early Oligocene to middle Miocene,
sedimentation of the Asmari Formation resulted in
burial of the Pabdeh Formation (rate of 17-30 m/Ma).
The rate of burial was highest (165-292 m/Ma) during
middle Miocene to middle Pliocene. The Pabdeh
Formation was in its deepest burial depth (2074-3220
m) in the middle Pliocene. From the middle Pliocene
to present day, the basin was uplifted, and the burial
depth of the Pabdeh Formation was decreased, as seen
in Figure 2.

Dapth [m]

150 10 50 0
Time [Ma]

Fig. 2 Burial history diagram in the Well A3.

Thermal Modeling

The measured and modeled amounts of temperature
and vitrinite reflection were calibrated in three studied
wells. In Figure 3, the best calibration of the tempera-
ture, vitrinite reflection, and heat flow (40 mW/m2) in
the Well A2 is shown.

Temperature Q)
] 1w £

|

i Y
\

‘Virinite Reflectance [%Ro]
0400 0600 0500 1000

Fig. 3 Correlation of the measured parameters and modeled
parameters in the Well A2.

The thermal histories modeling (Figure 4) show that
from middle Miocene to middle Pliocene, the thermal
maturation of organic matter in Pabdeh Formation
was increased rapidly. In the middle Miocene, the for-
mation had temperature of about 60 °C. In Pliocene,
the formation reached to its highest temperature (94-
105°C) and highest vitrinite reflection (0.52-0.6%).
From middle Pliocene to the present time, the basin’s
uplift caused decrease of the temperature (20-25°C),
and thus the vitrinite reflections were not increased
that much during this time.

Petroleum Research, 2020(August-September), Vol. 30, No. 112
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Fig. 4 Thermal history diagram in the Well A1.

Maturation of the Pabdeh Formation based on the
vitrinite reflection

For determining the thermal maturation, the kinetic
Easy %Ro and thermal modeling are the common and
useful methods [3]. The evolution of Easy %Ro of
the Pabdeh Formation during geological time in three
studied wells has been shown in Figure 5. The maxi-
mum vitrinite reflections (0.52% - 0.6%) show that the
Pabdeh Formation in the studied area is in the begin-
ning of the oil window, and it could not generate that
much hydrocarbon.

Paleogene Neogene
pace | Eocene Olgocene Wicesne P

"™ "7| Vitriite Reflectance in Al at Mid of Pabdeh Far.
| Vitrinite Reflectance in A2 at Mid of Pabideh Frn.

F — = Vitrinite Reectance in A3 at Mid of Pabieh Fan,

E

Vitrinite Reflectance (%)
&

g

600 ‘ lﬂ‘.ﬂ I 2\1‘.ﬂ ' (1]
Time(Ma)
Fig. 5 Changes of the Easy %Ro in the studied wells.

Basin Analysis Based on Burial and Thermal
Histories Modeling

During the Paleocene to Oligocene, which was the
time of Pabdeh Formation sedimentation, the Neo-
Tethys basin was extended in northwest-southeastern
direction. During this time, the Neo-Tethys was
closing as the subduction of Arabian Plate beneath the
Iran Plate was in progress [2]. Based on the models,
the rate of sedimentation of the Pabdeh Formation was
low (6-16 m/Ma) due to its low energy environment
at the passive margin of the Neo-Tethys. The initial
collision of the Arabian and Iranian plates was
happened in Eocene-Oligocene time. By formation
of the Zagros foreland basin in Oligocene-Miocene,
the Asmari Formation was deposited in shallow water
environment. During this time, the Pabdeh Formation
was buried with the rate of 17 to 30 m/Ma. With sea
level regression during middle Miocene to Pliocene,
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the Fars Group (Ghachsaran, Mishan and Aghajari
Formations) deposited in basin with the high rate of
sedimentation. The burial rate of the Pabdeh Formation
was increased during this time, in a way that it reached
its highest burial depth (2074-3220 m), its maximum
temperature (94-105°C) and its maximum vitrinite
reflection (0.52%-0.6%) in middle Pliocene. This
condition was associated with the beginning of oil
window. However, this situation was shortly changed
by uplift of the basin due to orogeny of the Zagros Fold-
Thrust Belt. The models show the uplift of the basin
from middle Pliocene to the present day that resulted
in erosion of about 617 m sediments of the Aghajari
and Bakhtyari Formations. In these circumstances, the
temperature of the Pabdeh Formation was decreased
about 20-25°C, and the rate of thermal maturation
was not changed that much. Therefore, the maturity
of the Pabdeh Formation could not be completed and
thus the hydrocarbon could not be generated from this
formation.

Conclusions

The burial histories reconstruction shows that the
Pabdeh Formation was deposited in Paleocene to
early Oligocene with the low rate of sedimentation
(6-16 m/Ma). The highest rate of burial (165-292 m/
Ma) happened in middle Miocene to middle Pliocene,
associated with sedimentation of the Gachsaran, Mishan
and Aghajari Formations. The highest burial depth of
the Pabdeh Formation (2074-3220 m) was in middle
Pliocene. During this time, the formation reached
the highest temperature (94-105°C) and maximum
vitrinite reflection (0.52%-0.6%). This situation was
suitable for hydrocarbon generation; however, due to
the continent-continent collision of the Arabian and
Iran Plates and formation of the Zagros fold-thrust
belt, the uplift of the basin was happened. The uplift
and erosion phase, which started in middle Pliocene
and continued to present day, caused decrease of
temperature of the Pabdeh Formation (20-25°C), and
thus inappropriate condition for thermal maturation
and hydrocarbon generation. Therefore, the Pabdeh
formation in the studied field at the southern Dezful
Embayment could not act as the main active source
rock; however, it could be considered as potential
unconventional resources.
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